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. Abstract

4
ERUR T
\

_ Fleld observatlons of 1m1tatlon among macaque
IR ? ‘
' L 'monkeys suggest that dlrectlon of 1m1tatlon is 1nfluenced RO '
1 e

'_by domlnance status in tue pr1mate troop. However, tne

observed relatlon of status: and spread of novel benav1or

through lmltatlon learnlng can be. attrlbuted to dlfferences

L

1n DPlOP motlvatlon and/or 0pportun1tv for ooserv1ng the

./

_hsoclal model..< NI SRS ’.'_, L

a .
In order to analyze tne effect o;Vdomlnance upon-~

1m1tatlon,dead1c domlnance relatlons wé// assessed 1nbtwg.si S
'grOups of 16 P a11 macaques (M nemlstrlna). ootn groups |
’iijﬁ'f B | had r1g1dly llnear domlnance hleraqchles._ Four nign ranklngJu**5
) and four low ranklng members of eacn group were selecte@vasi
sub]ects for an ooservatlonal Iegrnlng experlment, uolng a
complex cued—alternatlon task. An anlmal of mlddle status:a-
v'was selected from one group to De tralnedﬂas a model.v |
tMembers of the model S group were exposed to hlS performance?
‘prlor to each of fxve succe551ve tralnlng sess;ons. MemberS"

of the other group recelved comparable tralnlng; but dlﬂ not ‘

oo T observe a model.

Anaiys1s—of4performance—measures‘Indtcated“‘*““t“t‘**

1m1tatlon learnlng for botn nigh and low . status suojects

Q

iii




wfor each session, and

~I'n 1atencv of 1n1t1a

percentage correct performance durlng latter SeSSlOna of
tralnlng.' prosure to tne model resulted 1n faster ell-

fﬁ:natlon of tlme—out errors, Dut had no effect upon the'
»*

5e11m1natlon of alternatlon errors. ngh status monkeys

98

’fr“:responded more frequently and nad a nlgner percentage ofkﬁ;gxgw

‘tlme—Out errors lnlnothulmltatloncandlnanwlmlfAflnn"

l:learnlng groups.

e Results are dlS ussed in terms of prlor soc1al‘v"'

land dlfferentlal sen51t1v1ty to multlple relnforcement

o

L

e ethologlcal concepts qé 1m1tat10n, and fleld reports on

soc1al determlnants of prlmate pre- culture.

0

4rexper1ence of the suojects, general response strategles,o

fcont1ngenc1es. The experlmental flndlngs are related to
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Primate Society and Uocial Learning - . o :
uormél prlmate learning and deveIOPment occur ' o
’,jw1th1n a. soc1a1 context. ;nvopder to sury;ve,»tnc’;nfantlrf

’must adapt to the group.-‘"Suryivaltrequiresaiteto live |

-

soc1ally:and,.preemlnentxy, to.learn]socially;landito cd;.

R'_~; _e,yso not onLy Ln the long,perloc of 1ts dependence ana

;lfgrowth but also tnrougnout its llfe. '(wall, 1908, P 38);‘

j’dthougn the 1mportance of soc1al learn{ﬁg in prlmate

ontogeny 1s well documented by fleld rasearcn (Itanl, 1958

‘-Kawamura, 1959 1953 dasnburn 8 ueVore 1901, Soutnwlcx,ﬁ

19633 hawal, 1963 19:;'6 .boodall 1956 1998 .\umer, 1957,
f‘;'_i, _ "detalled analysxs of oUCh learnlng 1as aeen hlndered Dy ‘]yt L
-metnodologlcal controversy. L -

o

Hall (1968), in .a crlthue of arly-ekpefimentalx

'researcn and tueory, dlscussed tne analys1s of prlmate

ledrnlng as the essentlal contrlbutlon of pgycnolobj to

=

the study of prlmatology.“ e aréued that lack of Know-
,ledge regardlng prrmate kearnlng is a dlrect result of
conceptuaL,and procedural restnlctlons 1mposed in: psycno-v

Ly . N

‘loglcal research.r‘"Tne pr1nc1ples of Iearnlng, as we>~i'ﬁ

know tnem from standara texts, Stlll nave a somewnat EN

_ narrow spec1es andk51tuatlonal reference; it 1is not.very_:“ Tel e
: ’ o "r,.'~~!', T o o7 - s

.




'clear then now naturallstlc soc1al studles and eXperlmen-;
-tal otudles can De fntegrated. (dallr 1968, p. 3837. o
7feﬂall questlonéd whetner experlmental researcn gave ade—;

.ﬁquate consxderatlon to the soc1al nature of tne anlmal

e . -

s ’ B

: belng'studxed. Tne experlmental analysxs of learnlng

. or '1n§£TI&§ggZe in the non- numan prlmates are- usuallj

.1rrelevant and 1naccurate.?.(hall 1968 p. 84),

'analySes of'prlmaté'iearning éhould:sﬁppleméntﬁ extend

_and dlrect fleld flndlngs.r However, he-was forced ‘to. agree

in- socxalLyeasokatedegrxmateswcanebe,mlsleadxngubecausemLuumuweaammm

't.prlmate performance is- usually 1nfluenced bxisoc1al para-'

'wmeters of tne natural group., dall concluded that nav1ng

)
IS

’-falled to 1nvest1gate soc1al determlnants of " learnlng,

L]

5'psycnologlcal//assessments of relatlve learnlng aDlllty Lo

Sy

(3\"‘Mason (1968), replylng to Hall's crlthue of =

; psycnologlcal researcn, clalmed that nls conclu51on

"dlsmlsses experlmental llterature too qulcxly, and Dy

L\

kf,lmpllcatlon places 1t outsxde tne realm of potentlally ;?"d‘f’:Vﬁg;

useful lnformatlon at tne very tlme when we-most need a

o -

.;careful and Dalanced appran.sal of its sxgnlflcance.

4

(Mason, 1968, P.~399).,,Qason'arguedatnat laooratOry‘ e

hat in generai experlmental research has not helped tne

Ve
fleldworker -much 1n the conduct of hls research or 1n tne

,1nterpretat;on,of.h{srresults, norrnave data collected in

- . ) . . -
NS




B

'

tne fleld nad an 1mportant i luence on pnoolems"oelected
for experlmental 1nvest1gat10n 1n the laboratory." {Mason,
19b8, p; QOO).' The dlsparlty between these two approacnes_

to soc1a1 learnlng ‘1s” well 1llustrated bj comparlng experl-I

PO

mental and naturallstlc studies of prlmate 1m1tat10n.‘

B

',B‘a partlcular spec1es 1s abfhgto learn tnrough 1m1tat10n.,

-

e - -Primaterlmitatfon - '75”‘f E“g~&,f~

The prlmary purpose of experlmental laboratory

) o L L e

studles on prlmate 1m1tatlon has oeen to ascertaln wnetner :

-~

Tne standard method used 1n such studles 1s the ooserva-r

txonal learnlng paradlgm (Cradford 8 bpence, 1339, Darby,v~

e 2
» 1959 Darby 8 RlOpelle, 1959,’nall, 1903 l9o8 Rumbauéh

1970). ThlS procedure entalls tne use of a tralned anlmal

PRy

‘as a- model (M) and a naive anlmal as an observer (O)., g;gu

.if’exposure to M results in mOre‘rapia respdnse acquisition:

»‘uafcnes 5 perform,vand_ls_supsequentlyutestedlto determlne.7i.

or in fewer errors on the experlmental pr091em.'*Accord1ng -

to hall, “p051t1ve results in sucn a proceaure are a - dlrect'

conflrmatlon of fleld ooservatlons, and add notnlng to our

knowledge of soc1al learnlng....; On the other Hand,

S ,%,,llf;,,f

negatlve result....can usually ‘be attrlbuted to some factor,

-~

sucn as 0's lnattentlon, and cannot oe explalned as;an 1n—_



aDlllty to learn by observ1ng." (dall 1968 p; 392). ;f.'*ff
An experlmental comparlson of 1m1tatlon 1n two.i;

1ohinpanzees 1s~espec1ally 1nterest1ng11n relatlon~to Hall's f
| i 4

'dempna31s on - soc1al aetermlnants of observatlonal learnlng.-"

i Hayes ‘and Fayes (1952) reported that tnelr home reared

7‘ch1£panzee, Vlckle, readlly 1m1tated after belng shown

Ksolutlons to varlous puzzles.;»dowever, -a cage-reared»
laboratory an1ma1 d1d not beneflt from observiné the solutlons
'to—these\same proolems.——Rumbaugh (19709;*PEVtew1ngﬁthese -
flndlngs, concrﬁded that "chlmpanzees must nave certaln '537
';klngs of 1nteract}ons witn tne‘env1ronment ;n order t° if&i
oo "‘deQelop‘wnatever imitatiQe'Capacityrtncir neredity'mightd
_da110w;t These observatlons repofted;by_ﬂayeseandrﬁayes7
are of con51derable value, and‘plaCe indproper.perSpeotiQe_'
tne frequent fallure to - obtaln 1m1tatlon w1th anlmals ralsed.
and tested 1n ratner barrenbenv1rons.' (Rumbaugh 1970
‘26). ﬂaIl (1967) prov1des a’similar argument, but
‘n stresses that sucn 1nteractlon mdst be soc1al in nature.‘
“ v _-;ﬂfdr In contrast to experlmental empha31s on demons—

'-'trating 1m1tat10n3 prlmaterfle researcnausually attempts

~4($§o examlne 1m1tat1ve behav1or as part of 1nd1v1dual adapta-ﬂ

3

‘tion to a partlcular env1ronmental demand The empha51s i?’

o fj"”f*'naturallstlc studles 1s upon ‘the klnds of behav10r 1m1tated

. and the_relatlon of 1m;tatlon~to other forms of social ;nterf

o -



‘y‘action{' For example, dall and Goswell (196u) reported
fthat young patas monkeys av01d ‘a prev1ously p051t1ve
rA  stlmulus after observ1ng tnelr mother reactrfearfuily to»
N it;: Hall (1963) descrlbed 1nfancy as a crltlcal perlod ‘

‘for the development of observatlonal learnlng.e It is

:»learnlng are 1nfluenced by thnis early learnlng.

MonheyQCenter~£Kawamura, 1959‘ 1963 Kawal, 1963 1956'

oo
durlng thls time that prlmates acqulre group spec1f1c food

hablts, travel routes and soc1al relatlonshlps. dall sug-u

gested'tﬁat sucn Know1edge 1s learned’prlmarIIy tnrougn

-1m1tatlon, and . that subsequent tendenc1es for observatlonal

C e
. . . s

hY

)

g o The most exten31@e study of 1m1tatlon among feral

vprlmates nas been conducted by members\&f the Japanese.fﬁq'

Tsumori,‘1967?-?risn, 1968). Durlng nearly twenty years

of observatlon. tnese researcners have reported a serles

- of novel benavxoral pnenomena-whlch.are 1dlosyncrat1c to - o

ispec1f1c troops of Japanese macaque monxeys (M. fuscata). '}h

Most of these Denav1ors entall unlque food—related responses
wnlch have developeo 1n VaPlOUS troops as a result of pro-,"

v151on1ng technlques. ‘axnce these Dehav§ors.nave Deen 1m1-

'»tated by a maJorlty of troop members, and as a result dlS—

tlngulsn these troops from otnerlconspeclflc-groups, tne .

spread'of such behavior has been referred to as pre—culturalh

‘adaptation‘(Kawai, 1956;_Kummer;.1971);.”Field'reports'haVe



r

8

‘related the process of preeculturalbadaptatlon to varlous

aspects of macaque soc1a1 organlzatlon - 1nclud1ng‘sex, age,‘

*klnsnlp, afflllatlve bonds and domlnance status..v';j ,'l;§»eg?; 
Durlng tne 1950 s, Kawamura (1959, 1963) prov1—f;

'sioned tne troop.of‘macaques_on nosnlma Islet by dlstr;-

'?Euutlng sweet potatoes on the Deacnes.‘ A yodng female,-lﬁ-s

.'montns old, dlscovered that sand could oe removed ftom tnls'

‘food by washlng\vt 1n tne Sea. ~The orlglnator.sffamlly.ana~
'age mates were the flrst to 1m1tate thls washlng benav1or.;'

-

'QNext mothers of tnese age- mates, and tnen older ]uvenths,
acqulred tne hablt.? After flve'years‘of 1nd1vtddalupropaa’*“'
¢w-f' - - gation Of the nOvel»Easnlng bcnavlor, only 18% ~of - the domlyﬁow7f;;f}
'Lfllfﬁdﬂfwwnantﬂanlmals over tne age of seven years nad acqulred the R
nab;t'- and tnesekwere all females wno most 11ke1y had_
imitatEd'tneir Offspring. Tne spread of potato—washlngr

tnrough tne troop was a slow process whlch secmed to occur

‘u..__.r--..._

with younger and less somlnant anlmals f\rst. I '5 |
A second exanplc of pre- culturS}\developmen
'fdescrlbes tne acqu131t10n of a wneat eatlng nablt in tne ';;

ManOOB troop of Japanese macaques.« Japanese researcners . N

'nad dlscovered tnat it was extremely dlfflcult to esta-

'DllSn new food haolts in a stabie group of monxeys, ﬁnereas
it was relatlvely 51mple to alter the feedlng Denav1or of

~an rsolated lndlv;dual. daving captured and 1solated‘a |




efewaé-providéﬁ every troop memoer “ad acqulred tne new
feedlng hablt.

:example, witn ®

.a 90551Dle relatlonsnlp oetween d

to eat wneat: After returaing tais animal, tae entlre trooe’_ =

' was.prOVisioned withvwneat.-.Nitnin four doursrafter’Wneat“

N

&

:;preao of tne novel acthLtj ‘in tnlo»

nlgn-ranxlng domlnant ma¢e aS'tne model

was*extremety*rapId}“anﬁ*aiio*rovpomenners*seenwxrro

‘uenetlt from exposure to tne novel act1v1ty.

These exanpleo of pre- culyﬁral qevelopment sqgéestfl

‘nance s;atus W¢tn1n

a of 1m1taelon anong feral
\

_the soc1a1 group and llkelln

VWff~~macaqueﬂmonkeys;' Sucn”a relatlonsxlp wouid not- oe- 1ncon~ o

,sistent'with_kall s speculatlon tnat durlng lnfancy, prlmatea ,

3

not only acqulre ‘novel benav1ors tnrougn 1m1tatlon, out alao

develop tendenc1eb to 1m1tate partlcular group memuers.

‘ .lhese reports on 1m1tatlon among macaques,'as dell as -
'31m11ar ev1dence from a.group Qf Captlve cnlmpanzees; navef
led to suggestiOnS'that status'relations’among‘primates

- Y.
’determlne the dlrectlon of 1m1tat10n witnin the soc1al

unit - tnat domlnant prlmateo tend not to lmltate ‘their

’_suoordlnates. (Lorenz, 19663 Jolly, 1972).

™

ouch a,suggestlon,ls merelyea~restatement,of,xnee,mweeef,f

N~

flndlnxs and does llttle to eluc1date the relatlon oetween

N

domlnancexstatusvand ;mltatlon,among feral monxeys. Otner
. . _ R N . A 1




g 'factors in the fleld settlng could produce this apparent

- -

‘rrelatlonsnlp. For example, dlfferentlal motlvatlon levels

related to group status mlgnt lead fo less 1nterest in novel

| food act1v1t1es among hlgh ranklng anlmals, and consequently

-decrease the llkellhOOd of thelr attending to the soclal,

’ ab111ty have not been 1nvest1gated. These naturallstlc N %m

’reports on pre-cultural adaptatlon pose spec1f1c questlons»

-mfevéﬂ!r If -one.. assumes tnat domlnant anlmals do- not 1m1-' “ft’ﬁﬂf

’model.‘ Furthermore, the reported-status dlfferences in

1m1tatlon may reflect more general dlfferences 1n learnlnb ‘<H

ablllty‘of hrgn~and low~status animal ﬁ-P0551sle—relatLou

‘snlps between group soc1al status and general learnlng

which requlre supplementary experlmental analy51s.

N I A
-

tate the1r subordlnates, tnen even when motlvatﬁon and
'attentlon are controlled 1n a laboratory\experlment, monkeys

'domlnant to- a model snould not Deneflt from observ1ng h&s

) ,
performance only surDordlnate monxeys should snow an obser—

vatlonal learnlng effect. Due to the p0551b111ty of general
. r

1fferences in learnlng ablllty as~a functlon of domlnance,

Vperformance of lmltatlon subjects must be. evaluated in

”relatlon to performance of suDJects w1th comparable soclal

-~

status ‘who do not observe a model._ Analys:L‘ of learning

among such non- 1m1tatlon sub]ects can- prov1d8 1nformatlon

on tne relatlonsnlp of SOClal status to non-soc1a1 learnlng. f),"

Vo N
l



- - - | L]
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[5- 2

sIf dall s (1968) contentlons”aoout the ublqultous effects : =
-fof SOCKPI parameters in prlmate learnlng are correct, we
‘lmlght expect s1gn1f1cant dxfferences ln learnlng perfor-;
:mance as a functlon of soc1al status ln ootn lmltatlon and
5.enon-1m1tatlon groups. i, : t» . ii];- o g o

By employlng a’ complex learnlng task wnlch pormltS'

multlple assessments of performance dlfferences, the obser-s

vatlonal learnlng paradlgm can provxde a more detalled

analysls of the parameters of 1m1tatlon,,ratner tnancmeretq'

¢

"demonstrate the ablllty of anlmals to Deneflt from. exposure .

o to a model.’ Sucn a detalled analysxs would dbe more compat-i
1Dle w1th conceptlons of imitation aased upon naturallstlc‘

',studles of soc1a1flearn1ng.
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. Observational Method -~ . | A W
7Suojects., Tnlrty two plgtall macaque mOnkeys'

(M. nemlstrlna) were subJects 1n tne research prOJect. L

- = . - .

Plgtall macaques are closely related to Japanese macaques

v'(M. fuscdta) and share common patterns of soc1al rkteractlon
‘-and social organlzatlon (Bernsteln, 1§§2).‘ in - addltlon,'_

e .tnese animals are reported tO—benefltm£rem expesure«te—a

'model in an ooservatlonal learnlng paradlgm (Cole, 1903).'5vg»';3s~{§

S )
'Tne monkeys were obtalnea from tne breedlng colony malntalned

by the Unlver31ty of ﬁ/shlngton Reglonal Prlmate Center.

All monxeys ‘Wwere born in capt1v1ty, and ranged in age from- -

:two to four years.; Twelve of the anlmals were concurrently

lsuojects in a longltudlnal dentltlon study.i However, w;th
respéct ‘“to psycnologlcal researcn, all monxeys were experl-
l’"mentally nalve.; Throughoug,tne‘perlod of this research, ‘:ef-i
| the anlmals were exclu51vely aséléned to this prOJect.zflfl?giQ”?
‘ §g '.,f‘ Procedure _ Tne monkeys were d1v1ded 1nto two‘

N

- ;groups'of-31Xteen;‘ Lach group - contalﬁed elgnt males~and o

i

eight females. Througnout tne observatlonal phase of the “iyb

projectftnese’groups were housed%fh~ad3acent colonyvcompounds

~at the Prlmate Center (see Flg. l)._ To fac1lltate 1dent1f1-
"a'catlon of individuals in ‘each group, all monkeys were marked »

w1tn a unique blnary symbol. Harklngs con51sted_of_dark. o iii




| colow coweounn /- B
- | FOR NONYMITATION GROUP - /' -

/' COLONY COMPOUND -
~ FOR IMITATION GROUP

| sounp
| DEADENING
| CHAMBER

—APPROXIMATELY 35 FEET

v

. Fe—————APPROXIMATELY 35 FEET——————|

. Fig. 1: Obsenvational holding areas ..
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12 ‘ i,
Dands of dyed fur on eltner the arms or legs.‘ In aadltlon, R
o ,Akeach monkey recelved a group symbol -~ a dyed paten of fur -
2/Zl?.‘_ on,;?tnép the oakc or neck. Thls marklng system;permltted

A"rap;daldentlflcatlon,of 1nd;vldual;monkeysethrpughout;the
" period of observation from almost all perspectives.{rT'

After marklng all anlmals, both groups were “f‘

returned to thelr respectlve compounds and allowed tnree

ot ‘»~-weeks to adapt to ‘the observatlonal settlng. Durlng thlS/

adaptatlon perlod, prellmlnary observatlons of dyadlc .‘k
‘"agonlstlc 1nteract10ns 1n both groups were conducted dally
3u31ng procedures reported Dy Alexander and Bowers (1969. o

'.’Tnls 1n1t1a1 observatlon resulted 1n the development of a

- sllghtly rev1sed set of behav1oral categorles wnlcn descrlbeo o

the full range of dyadlc agonlstlc 1nteractlons observed
'wltnln both groups.’ Agonlstlc 1nteractlons 1nvolved one

of the follow1ng forms of attack, plus an observable sub- :
m1531ve‘response_by the~rec;p1ent.‘ |

. , 2 .o
"\{ 1. ‘Assaults«- Dltlng‘ultn vigorous snaklng‘of.tnefheaa,

- or b1t1ng whlle holdlng tne v1ct1m.

Subm1551ve Response - fear 6r:x.mace, scream, agltated

w1thdrawal, or crlnge.

2,h Bltes - pﬂ&51cal contact of teeth to DOdY~Of v1ct1m.'

i 'v o ,Subm1531ve Response - fear grlmace, scream, agltated

oy




R

N

»zf3;‘_Chases ATraPld PUPSUlt of v1ct1m.s rb> -‘:‘:t

. Subm1351ve Response - fear srlmace, scream, agltated

- Cwlthdrawal, or crlnge.  sA' ', i.&’;‘ gi@\*
oy, .C1asg-2ulls - sharp manual halr pull.obv i;\;:€$ ' ot
R s;Subm1531ve Rssponsev fear gr1macé$§3cream,’agltatec
'w1thdrawal, or cr;;ée. 7 fr: - _».'7}' : 7

f5.--aneats -.a prolonged stare w1th a gaplng moutn,

>*fpout4face, or Lunge, “or . §1tfﬁg, olasp‘pull‘for Slapplng

o movements whlcn dld not result in pny51cal contact‘,c

n

oSubm1551ve Response fearsgrlmace, scream, asltateg
)nthdrawal, or crlnge.u . ﬂ'¢1 - o _f'r'f ~

_G,I_Dlsplacements - phy51cally supplantlng anotner anlnal.

Subm1551ve‘Bgsponse fear grlmace ‘égltated w1tndrawal,

or cringe. _
7. Lxclusions - usurping an object, or acti?ityiof another

+  group member. S

Submissive Respoﬁse - attentive withdrawal..

All regular observations'took‘piacé from insideva'SOunde

aeadenlng chs?ber equlppeq withn onnaway v1ew1n5 screens 1nto

schgdulegpxovxggquwb hours of oata collectlon Der grouo
for flfteen days. Durlng second nour of observatlon, é.i

Dasketball was 1ntroduced 1nto the colony compounds in order;



fluf'

Ay

'cto 1ncrease competltlve 1nteractlons.’ All ooservatlonsgA
occurred durlng tne late—mornlng‘nours._ uescrlptLOns of.
»agonlstxc 1nteract10ns were tape recorded and transcrlbed _
“1mned1ately followlng the observatlonal sess1on. Durlqg 7

nours of ooservatlon, all personnel at tne Prlmate Center

‘Wwere- restrlcteq f“ rom tne colony compound area._

&

U ' U
- Observational kesults and Discussion

- N

- T e

‘ftne oehav1oral categorles, are presented 1n‘¢able f,; A

-

,greater numoer—of agonistic 1nteract10ns were: observed ln

the 1m1tatlon learnlng group - 032 observatlons con%areo

with' ol3 in’ tne non—lmltatlon group. bubto;als for eacn oi'_‘

f;tne benav1oral categorles, as Jell as frequency of‘,nter-b

factlons per observatlthI dour, lndlcates tnat tais groug
dlffég nce 1ncluaes in-all recorded forms of‘tOnfllct.'
-‘.e frequency of eacn form of confllct relati’: to total

‘obaerved agonlsm (see Taole l) suggests slmllar patterns of

LY

Total ODserved agonlsm, aﬂd suutotals for each of

_confllét w1tn1n tne two gpoupo.' Pwo formsvof 1nteractlon e >

tareats an' 'xclu51ons account for well over nalf of tne

’total oDse :atlons. ‘wo otnor Denav1or{ clasp-&%lls aad

N R P e S —

‘dlsplacements - occur at nearl e _same relatlve frequency_f'

;n tne two groups. Tne more aggre381ve forms of lnteractlon

o
- ¢

&
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ST ) : : LT e : o
: o as aults, bltes and cnases - account for nearlj two tnlrcs
‘f:of the group dlfferences 1n total ooserved agonlsm. .Ini’

the 1m1tatlon group, 137 of tnese more aggres31ve 1nter-.
2 ”‘"_,actlons were recorded, whlle 1n tne 1on+1m1tatlon groug only

'.f59 such 1nteractlons were ooserved

| ‘anmlnatlon of dlrectlon and frequency of agonlstlc_”
’1nteractlon for each group perm;tted assessment of soc1al

domlnance atrtwo leve;s:; djadlcioom;nance and group doml-

‘ s ;; nanCe.“ Inltlally, dyadlc domlnance was determlnea bj notlng

ne dlrectlon of 1nteract10ns betueen memoers ‘of ‘tne 120
Y 2N . : ,‘.3 .
. p0551ble djads 1n eacn of tne two groups.v.Tne.anlmalauhlcn'
' .
lnltLated the greater number of agonlstlc 1nteract10ns for

.

'a spec1f1c dyad was assessed as domlnant over tne otner

fmember. ulnce the scorlngvprocedures requirea obifrvatlonr.
'of both a partlcular form of attacx ano a corresponelng
.subml331ve re5ponse, the subordlnate member also necessarlly:;
suomltted more often to tne domlnant anlmal. | |

| After determlnlng dyadlc domlnance fOr all p0551ble¢

L T -

pairsuof an1 ’eacn group, the structure of 1ntra-group

confllct was assessed by comparlng the relatlve domlnance of
S :“?;‘+~all group members.w The—latter level of analysxs—entaxled

Wﬁwﬁmflttlng thegobservedgagonlstlcelnteract;onsetO—aellnear'c

domlnance hlerarchy model. The rule for generatlng the

ST o 11near domlnance hlerarchy ‘was that 1f anlmal A was domlnant

ST mp




-

to anlmal B, and anlmal B was donunant to C tnen Awas
also‘domlnant to C.’ uotn groups appeared to have Plgld
llnear status structhres.‘ Domlnance hlerarcnles, Dased
upon all observed agonlsm,_are snown for the - lmlxatlon -
group 1n Table 2, and . for tne non—lmltatlon group in

Table 3..

In the lmltatlon group,'agonlstlc 1nteractlons

',were observed among 106 of tne 120 dyads.. Dyadlc domlnance

“was evn.dent among 105 of"these palrs of/axumais. , '*hrfOne
dyad (L2 Ll), eacn member lnltlated one lnteractlon w1tn.»f
the other anlmal,‘tnus tnelr dyadlc domlnance was equlvocal.
In the remalnlng lu dyads, no agOnlstlc‘lnteractlon was
observed. Analysxs qf dlmlnance relatlons at the group}
ievel resulted ln tne- rank orderlngs shown 1n Table 2 \
Tnls analysxs provxdes an estlmate of dyadlc domlnance for
l3'of the 14 dyadsvwhere tnere were no observed lnteractlons,

as well as for tne dyad (L2- Ll) wltn equlvocal dom;nance.

. The. dyad A2 Au provxdes an example of such ‘an estlmate. ﬁoit

agonlsm waseobserved between tnese two a@;mals, but ‘A4 was

a551gned lower status since A2 is domlnant to all 9 anlmals_ e

whlch domlnated Au.f Members of the dyad L7ﬂLl are tled for’
A :

tenth p031t10n in thls nlerarchy, sxnce there is no 1nter—« R ;5}

‘ medlate anlmal wlth whlcn to estlmate tnelr relatlve group

',status. Tnls group analysxs of domlnance relatlons corres—-"'

a’ .

s
-
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'ponds with dyadlc assessments 1n 103 of the 106 cases._ds “
- Group status ranklngs do not agree w1th dyadlc domanance‘
relatlons for three pa1rs of animals 1n the 1m1tatlon f

group (L2~ L7; L2-L5 and Ll Au).

. . .
b = .l

A In the non—lmltatlon group, agonlstlc 1nter--’
‘actions were observed amonge105 of tne posslble 120 dyads;‘ ‘& '
; s ) A

‘-Dyadlc domlnance was ev1dent from examlnatlon of frequency .[;Afﬁ

h wiqd and d1rectlon of confllct for each of tnese Dalrs of anlmals..7
: All of these domlnance assessments‘;orresponded exactly w1tn.
r;* _7. - the,group\llnear rank orderlnglsnownlln.Table 3. Analysis |
.dat.the group level'provided estimates’of;dyadic dOminancei_“
for twelve ‘of the remalnlng 15 pairs of anlmals. Relatlve -
dyadlc domlnance could not be determlned due to laok of '7~e*‘f'»ﬂ-
observed 1nteractlon among three palrs of anlmals (L7 L2,
LO- L6, and A7- AG). These’ palrs arestled for thelr reSpec—_

e

t1ve p051t10ns in the” group ranx orderlng of Table 3...

The extent to whlch tne llnear domlnan e model

':;prov1des an approprlate descrlptlon of soplal con ict Qitnin f"'

ch of the groups 1s 1nd1cated by the extremely low number

vof observed 1nteractlons wnlch are 1n a dlrectlon opp051te

f“‘_

“to that predlcted by a 1inear- rank orderlng C%ee Table‘u)”**fafr

LR

hrew‘,mmewuzn—therImxtatton—groupa—oniymten*0f4632‘380nt311C‘1ntefh““““‘V‘*

actlons (1.6%) were not in the dlrectlon predlcted by the

dominance hlerarchy in Table‘ggf In the_non-lmltatlon group f:'d~ﬁ%

a
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e
N - ‘<Imitation Grpup:

 .Agonistic

Categories  Number

. _Per Cent
Reyergels_

Not Correspond to a Linear Ranning

| Table y, Aﬁnmber of Obsé&u&tiOns in Each Category Which Do

Number

Noh;Imitation;Group:[f

 Per Cent
- Reversals

ABites.>1' 0

Clasp-Pulls = 1

\S

Assaults E [

»’Chasés}_~, 0

Threats 17  7 5'

'Displacés‘ 2

A'ExCIUGes' " 2

Total Agonism 10

o

| 0.0

| ,2.0%7

e
ERCEN

1;6%"-

12

o
0,08

.0{0% 1-»

0.0%

| 2.1%3f 

s

1
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twelveWQf:the"SIS observed interactions (2 3%)'were‘not‘“l

';1n the dlrectlon predlcted by rank order status of Table 3.

For both groups, the occa51onal reversal of domlnance 1nter—.

actlons qgcurred 1n the less 1ntense forms of agonlsm -

: clasp pulls, threats, dlsplacements, and exclu81ons.‘ The

.\r_f

‘,.groups. ‘Fhe five. most subordlnate anlmalsﬁln each,groupﬁ

»extremely“low*perce”tage*of“observed reversals Ior ‘eaen

category of agonlsm 1nd1cates that domlnance structures

*based upon any one of these measures would be qulte 51m11ar

- to tne nlerarchles presented 1n Tables 2 and u.r B ‘\1 l >

RS

In general, soc1al status was most well deflned

among the ‘more domlnant anlmals.‘ Collectlvely the f1ve

\\hlghest ranklng members of each group 1n1t1ated over two—?

_thlrds of the observed agOnlstlc 1nteractlons.v In addltlon,‘

they were most often the 1n1t1ators of the more»aggre351ve
N

1nteractlons - espec1ally assaults.' D&mlnance relatlons

among these flve anlmals were apparent even from- casuaL e

Pl

h'observatlon, and 1n each group thelr relatlve dyadlc domleb

"nance was clearly ev1dent from examlnatlon of observed

confllct. In contrast, group ranklng ahd dyadlc domlnance"‘

was. less obvlous among the lower ranklng members of both

e

1n1t1ated less than one—tentn of aglnlstlc 1nteractlons.v

&

i Such dlfferences in status and soc1a1 power readlly dis-

7 tlngulshed these sub-groups throhghout the obseri:tlonal-
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::fdent, they would approach and even threaten, caretakers :“

Nee

.>e" s ..“, "'_

’periOd. “The more domlnant group members seemed more confl-‘f

Tand Qbservers. They also appeared to move more freely

sabout the colony compound. On the otner nand, subordlnate_

”‘group members seemed more t1m1d. These anlmals often re-’

S

(.

TNt

i

‘11nqulshed food and other oojects, as well as preferred

frestlng places, merely upon the approach of another group

ngmember._wAlthough tnesemanlmals were not attacked,more fre-

quently than some of the more domlnant anlmals, they were

_v1ct1m1ze? by a greater numng¥ of group members, and were

more.often the target for 51mu1taneous attacks by small‘

"sub-groups of anlmals. ‘These subordlnate anlmals engaged

e,

'more frequently in subm1351ve benav1or, even wnen there -

was no apparent attack ‘by another group memoer.'

In both groups, tnere wasja/tendency for older
anlmals to rank hlgher in domlnance than younger group

members. Among exper ntal 1n1tatlon subJects, the rank
?!F

forder correlatlon between age and status was 57 Among
the non—lmltatlon subjects thf rank order correlatlon was

.50. However, dlfferences 1n 1earn1ng as a functlon of age

”w1tn1n the range of. the present’sample ‘have not ‘been reported.

‘””Tmf;fﬁ‘RES€aPCh‘0n‘thEfUHt0gEny‘Uf‘mECEQUE‘dISCPImIHatIOngiéaTﬁInET“"““*

generally does not 1nd1cate sxgnlflcant varlatlon in. dls—i

crlmlnatlon performance as a functlon of-age after the -




e

L flI‘St few montns of llfe (Z:meerma.n and Torrey, 1965).
_ Althougn early research suggested age dlfferenges in
' formatlon of leamlng set, more recent ‘WOTK 1nd1cates
i smular learnlng set formatlon a.mong year—old and adult
macaques (Z:meerman, 1969).
}
A
B e -




onant non= 1m1tﬁilon suDJects were LS,_A3, AO and - Al lou

‘modlfled Self-oelectlon Circus (Sacxett, et al 1965 see

'Flg; 2). Tnls enclosure was adapted as an observatlonal

_ edge compartment served as the ooservatlon cnamber. This~
: compartment was c0nnected to tne central cnamber wltnra

!.transparent plexx glass door, whlcn allowed v1sual obser—

L Ekperiméntal Hetnod o .d o .’Jf

ouolects' Four of tne nlghest ranklng and four

of tne lowest ranklng monkeys were selected as learnlng L

-

l;lcllsuu;ectsplllnltmellmlxatlon“group1stneAnAgnudom%nanswsunwwumweuwm_mm

Jects ‘were A3, Al Aa and Ao, tne low domlnant suojects

were LS, AT, «LO and L. L7, wno was - tled for tne tentn

p051tlon in the 1m1tatlon group domlnance nlerarcny, was

selected to pe tralned as tne ooservatlonal learnlng moael.
Anlmals selected from the non 1m1tatlon group correspondec

in group status ranklng to 1m1tatlon suDJects. ulgn doml- o

cdomlnant subJects were L2, L6, LO and A6. -

4

'ApparatuS' prerlmental testlng occurred in a ;* e

learnlng apparatus by surﬁoundlng one of tn° edge compart-

ments., and the central cnamoer, wltn opaque walls.' Tne

vatlon between the observer and model.‘ A speaker and two

operant panels equlpped w1tn llp levers were 1nstalled 1n 7

K
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ytne central area, benlnd moveable\tranparent barrlers'

L

_ v1deo camera mounted -above tne apparatus enaDled contlnuous

-placed. 1mmed1ately adJacent to tne door of the oaservathn

cnamber (see Fig. 2).. Tnese barriers could be ralsed

automatlcally to permlt access to’ the operant panels. ’A

monltorlng of the Denav1or of both subJect ‘and model from

'tne experlmental control area. ‘Grayson-,Stadler modular o

programmlng equlpment controlled experlmental condltlons,

audlo generator produced tne audltory stlmulus necessary

' _for tne tlme-out dlscrlmlnatlon part of tne 1earn1ng tasx.

>

Procedure" Follow1ng tne observatlonal phasev

fof ‘the researcn prOJect, the 1m1tat10n group was removed

!

.from the colony compound area and housed in. 1nd1v1dual

L4

- v1sually,1solated,cages. These subjects were noused‘ln

_ group.4’

- this new area'throughout tne perlod of~test1ng for thls_

S ‘ _ >
The experlmental learnlng task, a cued-alterna—

tlon problem (see Flg.‘3), requlred tne suojects to- respond

'A’low intensity, 450-cycle per second tone was used as a.

) discriminatory cue. Pre-tests wita tais tone mari cated

ancﬁautomatlcally collectedllearnlng,data,eeAeheatﬂnlteeez:zj;——¥—

.

A at,tne approprlate operant-panel after’ the onset of a tone.

SR R ,,,,,_,,,,,,mt Trwas rsaIreITt cue , mmﬁowmnt avers:we

effect upon the monkeys. At the beglnnlng of each learnlng

. se5510n, tone onset occurred 51multaneously w1th access to_'
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o

“”‘corded as a correct alternaxlon, and relnforced Hlth l 0 cc

the’operant panels.‘ Subsequently, any llp-lever response,

-autqmatlcally turned the tone off for’ flve seconds.f After

'.tone onset, a response at the correct operant panel was re-v]

-

s_'of apple Julce. Such a response automatlcally changed the‘i,*':c,;

programmtng*equipmentusowthatrtne*nextarernforcement was—

bavallable at the opp031te opeyant panel. A respoﬁEE, after B
had no effect on p051tlon of relnforcements.a ReSponses

1_1nf1uence pos1tlon of p051t1ve relnforcement ‘but extended

f_the t1me—out perlod and delayed the pOSSIblllty of obtalnlng

‘S;tone onset, at -the 1nappropr1ate panel was recorded as an“:

alternatlon error. Such errors were . not relnforced, and

e \

-,

” <

erhlch occurred at e1ther panel whlle the tone was off were

.

',scored as tlme-out cxwors.ﬂ Fnls type of response d1d not

S

reward for f1ve addltlonal seconds. In addltlon to tnese *
performance measures, 1n1t1a1 response latency—was’recorded | ;h?~
for each sub]ect in all 1earn1ng se331ons. | o
The monkeyrselected as model for the 1m1tatlon
group was tralned to - solve the cued-alternatlon problem

through the use of a graded serles of tasks. Inltxally,_':

TR

cesszve approx1matlons. .All shaplng occurred wlth the tone- '

off for only a fractlon of a second. Gradually the tone-off
duratxon was 1ncreased to ‘the requlred flye.seconds..Alterna-;;h”’

Ed




w
D¢

‘7ed the barri€

tlon behav1or was. tralned by alternately allow1ng access

to only one operant panel Durlng thls phase of tralnlng,

. e

"~.eaCh’PesPoni23futomat1cally turned off the tone andvlower-;,f

>

in front of the operant paneln After f1ve

:seconds, tne Darrler in. front of the opp051te panel was

it

'»1both*panels.v Eurlng this finalfpnase ofmtraxnlng~tne——ﬁf.'

]tralsed slmultaneously wlth tone onset.‘ Flnally, the monkey -

was glven exten51ve practlce w1tn unlnterrupted access to

:model was glven an opportunlty to practlce wlth another

"group ‘member (Lu) in the observatlonal chamoer of the

learnlng apparatus.» Durlng early practlce w1th an observer

',the model's level of performance decllned substantlally.

.Consequently, deprlvatlon procedures were employed 1n'all zf

"subsequent tralnlng and modelllng se581ons.- Tralnlng witn:

-

 an ooserver contlnued unt}l the model's performance 1n two

'-gsucce531ve se551ons of 100 alternatlon responses was 95%
'.'\"\ e

.\‘. B -, .. . .. _&
AY . k . .
- {: Experlmental testlng of lmltatlon and non-“»

1m1tatlon sub]exts occurred w1th all anlmals water deprlved

*ffor 23 hours. Lach sub]ect was glven f1ve consecutlve

learning 53551°"s durlng a Slnsle ‘day (see Flg. u). ~fdr%7*ﬁ

:"1m1tatlon subjects-each sesszon conslsted»of (1) an lnltlal

o’

five mlnute adaptatlon perlod in the observatlonal cnamber,.s

'(2) a flve mlnute observatlon perlodﬂdurlng wnlcn tne model
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L was able to em1t approx:.mately SOmalternatlon responses,
(3) ‘a flve mlnute adaptatlon perlod 1n the experlmental
cnamber after the model had been removed, and (u) a 30

‘fmlnute perlod of contlnued access to the operant panels%

“or ‘120 alternatlon responsej -whlchever occurred flrst.

-After testlng, the 1m1tatlon group was returned to tne

colony compound area, then the non 1m1tatlon learnlng

’Afsubjects were moved to 1ndLV1dual, v1sually 1solated cages.uv ?%?“

R~

'The testlng procedure for tnls grOup was tne same ‘as that

‘for the 1m1tatlon group, except that durlng the observa-_’f‘

:;t}onal perlod of each se551on the experlmental chamber was
empty. Thus tnese non-lmltatlon subJects spent ten mlnutes.
alone in the observatlon chamber prlor to enterlng tne |

central area of the apparatus. ’
'VExperimental Results Lo L

Adaptatlon to tne Learnlnngpparatus

‘f

Durlng the 1n1t1a1 20 mlnutes of each 1earn1ng
se3310n observatlonal records were made descrlblng the

general behav1or of each subject. These records were com-

_ - e ,,,,,7,,A,,i,_‘ﬂ,a

pared to determlne pos31b1e dlfferences 1n general act1v1ty

levels and resultlng dlfferent‘ 'daptatlon to. the testlng

apparatus.‘.Table_S shows-tne ar;sondof»actlv;ty'levels -




N .
\N

L oeral

‘V':vTable_S.  Comparison of General Activity of Subjects in ;5

- Observation Chamber of Testing Apparatus*

Imitation roug° , Non’-—"Imitatiorx Group:

: High Low,' . High. = 1w
DominantwspominantusssDeminantum-Deminantwu~MMww

| | \{ijthdrawn/

Calm/Moderately

-

Inactive T B —

“Active 20 .20 19 20

HyperactiVe/Vi.g C e o R
Agitated o . 0 e 0

. *Total of 20 observations per group computed on the basis
- of" four subjects each observed during five sessions. ’



’ forveach group whlle the anlmals were 1n the observatlonal

' chamber of the apparatus.: Most sub]ects were calm to modeevﬁf'fd'
'rately actlve durlng the 5@1t1al ten mlnute perlod.»‘Thebf |
.‘predomlnant act1v1ty for all sub]ects durlng thls perlod'

was exploratlon and manupulatlon of the observatlonal

chamber. A3, a hlgh domlnant anlmal from the non—1m1tat1qg_

fgroup, succeeded in partlally openxng the door 1nto the ex=_

n‘(:perlmental chamber durlng tne second learnlng sess1on, and
",;hoecame quite agltated when further efforts did not result ,,H;,;f;
| in access~to the~central chamber.' However, 1n subsequent o - dﬁg{
3ses51ons thls act1v1ty was not observed, and tnls anlmal . }
.also appeared calm to. moderately actlve. o |
| Tabel 6 shows general act1v1ty for all learnlng
'3,sub3ects durlng the 1n1t1al ten mlnutes 1n the exper1menta1:
cnamber. Here agaln, most anlmals seemed well adapted to
- the apparatus, and engaged prlmarllb in task-orlented or
exploratory»benav1or.- dowever, the frequency of agltatlon,[
or hyperact1v1ty,’1s greater durlng these perlods. Some of *
hh}}¥,tp1s hyperact1v1ty seemed task-related, 51nce often anlmals_ .

whlch were not relnforced for a long serles of error res-

' ponses would engage In burstS'of emotxonai aétxﬁlty whrcn

appeared—te—be—expressions—of—frustration———Tw1ee,sL5,—a = *“;.f
subject in the low dominant 1m1tatlon group, became qulte u

agltated when she was unable to remove tne barrlers 1n,: '-;: "Q,Q

-
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" Table 6.

S
General Activity of SubJects in Experimental

Chambé? f T fiﬁé Apparatus*

_ Hish
Dominant

'Lo_w‘.  mign Tow
- Dominant Dominant - Dominant

Withdrawn/ _
Inactive.-

~

Calm/Moaerafer
| Active S

, Hyperactive/

V‘V.._‘.Agitated:.:‘ e

18

fﬁ*Total of 20 observations per group computed on the basis
: of four subJects each observed during five sessions.'




e

front of tne operant paneis.durlng the 1n1t1al lee mlnute

waltlng perlod. Another member of thlS group, LO, was

qulte w1thdrawn througnout tne flrst testlng sesolon, she
: crlnged in tne corner of the. apparatus.. ThlS was the only

v d case ofvw1tndrawn, or 1nact1ve, benaulor durlng the testlng

'

s ﬁidprocedure.
- In- gnneral all subJects seemed to adapt equally

vwell to the testlng apparatus. The few dev1atlons from

calm, moderate act1v1tj occurred only durlng the flrst two’

testlng se581ons, and were dlatrlnuted among members of

4 Dotn the 1m1tatlon and non-lmltatlon groups.‘
N o .

L

d,’Hodel'SwPerformance,

. - o L ' e
SNt . Durlng the observatlonal learnlng sess1ons of

tne experlment, tne model s leve‘f,f correct alternatlon

<k ‘}v/

performance decreased sllghtly from%;he pre—tralned crlterlon;.
HlS averagé performance as a model durlng all se551ons of

the experlment was approx1mately 90% correct. The pumber

of relnforced responses ranged from 35 to 51, w1th an aver;A
age of 45, 25 per se381on. Alternatlon errors ranged from |

- zero- to nlne, wlth an- average- of u., 33 per sesslon.WﬁTxmesmﬁe_meeee_

;;ec‘_JL_WWWWouteepnopsepangedefromezeroetoefxye,eﬂltneaneayerage per

| sess;on of_l.lS, The model s correct alternatlons, alter-'




ay;hamvihgu,,s_ess}io}ns

o

~ MODELLING PERIODS

© SNOLWNILTY  SHOMM3 NOLWNILTY SHOMMI
- 1034y - . 1N0-3WLL

- of the experiment

" Fig. 5: Performance of model duri ng observation
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‘nation errors,iand time-out errors;are shoun:ln Fiéure'S’
'as a functlon fo succe551ve modelllng perlods and ooserv-V
_1ng group members._ Three-aay analyses of varlance on each>
‘of tnese performance measures were conducted to determlne.:'

‘;-1f tne model's benav1or varied 51gn1f1cantly as. a functlon

7of practlce, ooservxng sub]ect, or status of the anlmal in

tne oDservatlonal chamner. These analyses showed no 51g- o

’nlflcant maln effect or lnteractlon of these varlables.

P msd ""*"':1» A T e = T :tv, i_*"* S — f*'* T T T T T e ‘_‘*’

A

o Learning Re‘sults

nxperlmentally lndependent analyses of each of
the learnlng measures revealed s:LgnJ.f:Lcant performance |
- differences as a function of one, or more, of the 1nde-+f’5"a;‘~~'%§

pendent varlables - domlnance status, learnlng group o

T (1m1tatlon versus non—lmltatlon), and testlng se851ons.;‘

- These fxndlngs are: presented under the follow1ng toplcal
‘ headlngs-' Response Acqulsltlon, Response Eff1c1ency, and

e

'-Error Analy51s.

Response Acquisition

(.

”Measures Whlch reflected acqulsxtxon of*thejf

B eoperant—l%p-lever—response—ineluded—tnxtsal—responsn

latency, and total response output in: each session.

Analy51s of these data revealed sxgplflcant dlfferences L s
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ilin,perfOrmance which'persistedfthrougnout all testing

'sessxons. -However,‘in presenting these results special

"“-coqslderatlon 1s glven “to performance durlng the first

sess;on when the llp—lever response.was,novel to all S

 subjects.

‘latenc1es ranged from 1.9 ‘to 1800 0 seconds. ;ne range of_p

.'latencles;uasecons;derablyasmallerhforﬁtheﬂ1mltationelearnggg,

E thr°“8h0ut tralnlng. i

Durlng the flrst testlng SeSSlon, response -

ing group - 1.9 to 118.8 seconds_(mean ?;30;2-seconds).'ﬁon¥ .

~ imitation learning subjects snowed-greater variability,inv-

latency scores_during this sessionV_the'grOup'rangeﬁwas

133.6 to 1800.0 seconds (mean = 419.1 seconds). These latter
"subjects had con31stently longer response latencxes,vand one>
 member of this group falled,to respond durlng the flPSt
qse851on." Examlnatlon of flrst se581on'1n1t1al latencxes_ﬁ*”"”
.;1nd1cated a posxtlvely skewed dlstrlbut;on of scgres, wlth _

'all but one of the non-lmltatlon sub]ects exceedlng tne.f* “a,f,._

medlan latency of 51.7 seconds. Although the range of

» .
responSe latencxes decreased during the subsequent sessxons,

group dlfferences 1n tlme for first response pers;sted _

=

}‘*“““Stnce‘tnE‘dtstrIbutxon*of*iatency*scores—was———————————*

"~skewed, these data were transformed to rate measures (the

recxprocal of response latency) whlch were amenanle to



| analySis of variances The transformed data prov1ded a

kmeasure of speed of flPSt response in each testlng sess;on._

<

pA three-way ana1y51s of varlance, w1th domlnance status,i

learnlng group and testlng sesslon as 1nd1ces, was ‘con-

ducted on the transformed data. Thls analy51s lndlcated

s:.gnlijxcant dlfferences 1n mJonse ra:te only mhfmctxmww

':whlch shows group mean rates as a functlon of testlng sesslons,~

| panels (Tuxey HSD Test: q 3(13; =2, dfv—rlu, P <05

of learnlng group (F = 13 31 df 1. 12, p < .005). Flgure 6,

111ustrates thls sxgnlflcant main effect. -Post-noc compa—i

°'rlsons of group mean scores 1nd1cated taat 1m1tatlon learn-_u

-

, lng subJects responded slgnlflcantly faster than non-lmltatlon
subJects throughout the five- experlmental sesslons (“ukey
'HSD Test q = 5 .09, a =72;'df 4 P <..01). In addltlon5

the first. SESSlOD mean response rate for 1m1tat10n subJects

was compared-w1th the mean response rate for non-lmltﬁtloni*

SuD]eCtS durlng tne fifth sessxon (whlch was the best sesslon
for the latter group)‘ ThlS comparlson showed that ‘even
after exten51ve practlce w1th the learnlng task, performance B

of non-lmltatlon subjects was s1gn1f1cantly slower than that -

_'fof lmltatlon subJects durlng lnltlal access . to the operant

Tne second measure of operant response acqulsltlon

. was total number of responses emltted dur1ng each testlng

session. Totalkresponse output garledﬂgreatly‘between
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7subjeotSvthroughoutfthe'five%sessiOns;~ The wideSt rah8e~
of resPonses occurred durlng‘the f1rst se951on - zero to
rh355 responses (mean s 150 responses)., ngh domlnant sub- fo

Jects generally emltted more responses durlng th1s session -'TA&

"ranglng from 46 to. 355 responses (mean = 199 responses),

, lwhlle low domlnant subJects tended to emlt tewer responses
— ranglng from zero to 106 responses (mean = l&3 responses).

In later se551ons, the between—subject range decreased, as

f‘low domlnant subjects tended to 1ncrease thelr total output.
Three-way analy51s of variance on tota!'}esponse data showed
| 91gn1f1cant dlfferences in response output only as a functlon :
_Vof doriinance status (F = 25.27, df = 1. 12; p < 001). -Thls |
R 51gn1f1cant main effect of domlnance status is. evzdent in ',e“{i
Flgure 7, whlch“shows mean total responses ‘as a-functlon Qf‘“ |
~testlng sessions for both hlgh and low status subJects.k’POSt#f
- hoc codéepxsons of mean' ¢otal responses for eacn domlnance
level 1nd1cated that hlgh status subjects emltted szgnlfxr f
'cantly more responses throughout the flve testlng se551ons ;.;“*h s
‘(Tukey HSD Test;'qus 6,96,fa 2, df = 1u, P <:.01).f - O
. : | ,

rRespgnse Efflclencx wﬂfe—~;}§2‘fw;~¥ewmveé~f;<—wm44w~fm¥f4fe=é4¥

R - Responseaefflclencycuascdlstlngulsnedafromcoperant‘
acqulsltlon, 31nce 1t reflected the extent to. whlch the llp-

s

lever response was under the control of both tlme-out and ;'

| oo
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~Fig. 7: Total-Tesponse as a function of sessions for each dominance level
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- fax%irhéfion continéenciesrof'the'learning tasfff hespOnsev~zf$,d‘
.h;eff1c1ency was. eﬂaluated as . the percentage correct of total ,/?‘f
a~responses (1 e., the Path'Of correct responses to total z
l'responses in. each se331on).b qu thls, andrall subsequent g

5;:rat10 measures of learnlng, a. score was estlmated for thef

non-lmltatlon grcup member who falled to respond durlng the

.flrst tra1n1ng sesslon. Lstlmates were derlved us1ng s

‘Meyer 8 correctlon formula for m1531ng data (1966 p. 171).

'"necessarlly approprlate for the present measures._ Thlsk

-atransformatlon produces homogenelty of varlance by ellml-

,populatlon mean.‘ The varlance of the transformed scores

'.p,‘lS 1nverse1y proport:.onal to the total numberof observa-

.;tlons, and thus is homogeneous wnen the number of observa—‘ﬂﬁx
'f;tlons used to determlne each score 1s constant.‘ However,_“

7w1th the present scores,’the number of total observatlons

; dlffered for each subjeet 1n each tra1n1ng se851on. Slnce
”_itne number of_observatlons were not constant the arc 51neA;

_ transformatlon cannot guarantee,&\gjgeng:ty of variarce.

' Instead Itémlght actually 1ncrease heter7gene1ty by over-

“)Q% Although an arc 31ne transformatlon is often re—'v hviv ‘f

commended prmor to analy31s of percentage data, 1t is not

T N Ld ’ { “
.

natlng dependence of the populatlon variance upon the

N
St \\
s

==

J

- - \NNA:A_*

-,empna5121ng the 1mportance of dlfﬁerenceé 1n total numbercr

of observatlons.. If number of observatxons as a funct;on :

a N o gt

) o
0 : . Q% .
) . B -
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1\ | r*s

' susually~assoc1ated?vxtn“midarange*percentagewscores1wwnxlv“

'Wfpercentage correct as_a. functlon of test;gg seSalons fQEli,llﬂwge

“of percentage scores approxxmated a U-dlstrlbutlon, then

tne transformatlon would Stlll be adv1sable, 51nce 1t

,‘mlgnt reduce ncterogenelty, w1tnout necessarlly prov1d1ng

completg'nomogeneltj, nowever, tnls 1s not the case w1tn‘

'he‘preSent’meaSures;ﬁ Large numbers of ooservatlons were,'

f botn very hlgh and very low percentage scores occurrec

ﬁmost often at lower rasponse levels. Consequently,’all

percentage measures dere analyzed dlrectly dltnout trans-'
‘formatlon.

Tnree-way analysis of variance on response effi-
) : . .

‘ciencylscores°lndicated;two~signlfiCantlsources of‘variance:;e'
~a sessions mainteffect (F ;’16 89,zdf‘ﬁ 4 #7; p < .001);:
wana a learnlng group ay sesslons 1nteract10n (F = 2 63

df:: 4,47, p < .05).. Comparlson of varlance estimates for,'

':tne means of populatlons deflned by sampllng levels ln thls

analySLS showec that #he se531ons maln effect was: tae more

1

1mportant sourc f varlance (for seSslons main effect -

..02'# 67 51 for group by sessxons lnteractlon - 92 = 13. Bl)r

‘.

Vrnese results are 1llustrated in Flgure 8, whlch shows mean

L

eacn learnlng group.

.«

»

. Post-noc one-way analyses of varlance for edch

learning group as a functlon of»se551ons.1n01cated71mproveet




R NS = mzo_mm_m

A6 -

e 0 Hos

- ‘dnos8 Bujuses ;omo S,_ m._ho_mmom 10 cosoca e mm «ootoo «S..zon_ m m.;... |

%omw zoEEs__ zozmlo e
- dnous. zEé_z_ — ]

1034400 IN3O¥3d

01]‘ j

., ‘._.,_Om,

|
o
S3ISNOJSIY L

B



df

ment 1n response eff1c1ency as a functlon of testlng

5,‘

‘sess10ns bor votn groups (for 1m1tatxon subJects, f,= 25 21,

u 28, P < .001, for non-lmltatlon subJects, F = 3 07,

'n ,

‘df : u, 27 3.p < .05).».however,,comparxson of varlance esti--

mates in tnese two analyses 1nd1cated tnat tne effect of

N

s

- o

se551ons was. over four tlmes as powerful among xmltatlon .

_subJects (for sess1ons effect among 1m1tatlon subJects -'

:92 120,85,_wh11eu£or,se351ons effecteamongﬁnon-lmatatich,p

subjects - 02 = 27 98). ‘The d1fferent1al effect of sessions’p~
upon performance of the tuo learnlng groups 1s also shown

Dy post-noc comparlsons of group means for eacn testlng E —_
se531on. Although in- tne fxrst tnree se581ons the groupS/’ |
d1d not dlffer, 1m1tat10n suofbcts performed 51gn1f1cantly
better 1n tne last two testlng sesslons (Tukey dSD Test.

q = 3. 3u A = 2, df = 1u, p < .05). Tnese analyses of per-

centage correct scores 1nd1cate 1mprovement as a functlon of

,'sesslons for Dotn learnlng groups, ‘put xelatlve superlorlty

in response eff1c1ency for ‘the imitation subJects in the ;f S

flnal two sessxons of tralnlng.l

Am;ﬁ,wﬁff;{;”;fgwemﬁmQﬂWWW,’,;;;g;;;;;e%
Error Analyses;}"” ' T \ - , T

Intorder*totciarrfyttne‘basxs*of‘zro‘p‘alfferences

1n response eff1c1ency, botn tlme-out and alternatlon errors

were examlned. Slnce total resPonse output varled as a



- yg

fhnctlon of dom:mance status, ratlo scores were agaln ‘uti-

1lzed to evaluate both types of error. The ratlo‘of tlme- |

-

out responses to total response output per sessxon provxded

- correct alternatlons to total alternatlon responses (total

a percentage measure ‘of tlme-out errors. The ratlo of ‘in-

‘responses less tlme-out.erwors) was used as a percentage

- means deflned by t

O :
measure Of alternatlon errors.

Three-way analyses of variance on percentage tlme-

o out errors revealed three sxgnlflcant SOurces of var1ance~ a
'domanance maln effect~(Fv 27 39 df = 1 2113 p < .001), a :"

group Dy domlnance 1nteractlon (F 2 6. 97, df = 1 »11; p < 01), fﬂtif

:,’

and a group b se551ons 1nteréctlon (F = 3 19 df = u u7-

7”ﬂp,<—.01).' Com arison of varlance estlmates for populatlon

alysxs showed that the domnance :

‘amln effect was the most powerful source of varlance, and

B

that the group by domlnance lnteractlon uas m0re powerful

-

' than the group Dy sesslons 1nteract10n (for the domlnance

maln effect 4 92 = 22u 76. for the group by domlnance 1nter-

actlon'- 02

101 78; and for the group by se331ons 1nter— R

act;on - 02 §2. 02)._

fohe domlnance malnieffect and the group by domln—.'”e'

ance 1nteractlon -are ev1dent in’ Flgure 9, whlch shows mean

o percentage time-out errors ‘as a\functlon ofpsess;ons for o

N

"_dominance leyels:within eachrlearning group,: Postvhoc‘ o




1 P
a—a IMITATDNJ'"GH DOMINANT GROUP '

=—s IMITATION LOW DOMINANT GROUP =~
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' Flg 9: Percent tlme out errors as a functlon of sessions for dommance
levels in each learning gmup e | |
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'1ncoﬁparisons of'mean'percentageftime-out errorsffor high5and;'
a_'low domlnant subjects 1n all testlng sesslons showed that

'nlgh status subjects had 51gn1f1cant1y greater scores through-

out tralnlng (Tukey HSD Test q=17. 39, a ; 2, df = 1u* ’

p < .Ul).; However, the group by domznance 1nteractlon 1nd1- o

' catesmthatsthisAtendencx(wa5m1eSSAevxdent*amongwxmmtatrom

'tlme out erﬂ.r scores among ‘high domlnant subJects (Tukey

HSD Test q = 3.52, a = 2,,df = 6, P < .05). "~s>

. lmtatlon subJects show:mg :merovement as a functlon of A

.ﬁsess;ons,p Flgure 10 snows the mean performance of each

"subJects._ Post-noc comparlsons of mean percentage tlme-out

A.errors for domlnance levels w1th1n learnlng groups supported :

;"thls 1nterpretatlon of the group Dy domlnance 1nteract10n.7

L

: Compan;son of average performance over the flve testlng gl : ;'
: se551ons showed no 31gn1f1cant dlfference between h1gh and

low domlnant 1m1tatlon subJects (Tukey HSD Test q s l 16,'

a = 2, df = B, n.s. ), whlle the same comparlson for the non-'
‘ -~ ‘
1m1tat10n group lndlcated 51gn1fﬁcantly greater percentage_;

Tne 51gn1f1cant group by se381ons lnteractzon 1n ‘-f

analy51s of percentage tlme—out error data reflects dlfferent

effeCtS of tralnlng upon : the two learnzng groups with only ,éf“7

fwéﬂ#f-l;

group as avfunctlon of testlng sess;ons. Post-hoc two-way

analyses of Varlance were conducted separaE%ig‘for each of

the 1earn1ng groups. Analysls for the lmxtatlon group 1n—
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-

'flmaln effect (F 2 96» df

»df u 23, P> .20).

'learningdgroup reveals dlfferences.ln performance between

~dicated two significant sources of variance: a dominance

mainfeffectf(F =-8-u3; df = 1,63 b*".OZS)é éﬂd a sessions

‘uwih;)ﬁ‘fﬂ;OS)‘f‘Similar~ana—

ilysz.s of non-1m1tatlon group scores revealed only a 51gn1- e

"'flcant domlnance main effect (F 19 36, df = 1 :, P <'.01).;~—wm*

In“the“iatterwanaiysxsr“nettner*source“ofrvarrancerwhxch“““*“MM“A"

related to sessions was 51gn1f1cant (F = 0 99, and F _ l 38,

— - remmocmii Lt =

These analyses 1nd1cate greater var1ab111ty 1n

*

h performance among non-lmltatlon subjects, 31nce the error

term (varlance Detween subjects wltnln domlnance levels) was

larger in the latter analysxs. Greater varlablllty rendereo T

' tne apparent trend for 1ncreased percentage tlme-out
' errors among non- 1m1tatlon subjects non-szgnlflcant (see

B <F N ]
-F15. 9). Moreover, separatlon of error variance for each S

high and low . status imitation subjects which correspond

;‘tQ general dominance'differences'invthe-initial overallb

analysis.- These dlfferences _were obscured 1n the post-'

,hoc comparlson and analysxs of the group by domlnance

, lnteractlon due’ to poollng of error varlance for the two L I

‘ learnlngggroups.f

~alternation errors»xndlcatedvonly a slgnxf;cant 3esalons;'-

Three-way analys1s of varlance on percentage




p;main-effect (P 16 7u,,df = 4 u7, P <_.001). ThlS effect,

.
1llustrated in Flgure ll, reflects a decrea31ng trend 1n

'percentage alternatlon errors for all subjects as a- functlon

_Vof testlng se3510n54~§g:;::

fsessxon means showed a'51gn1f1cant cﬁange 1n alternatlon

ﬂpost-hOC‘comparlsons oetween o

it

df = K u7, P < .05).

‘ ‘,performance between the second and thlrd sess;ons. Only

the dlfference oetween mean performance in tnese two suc—

‘-,‘.

’_foessxve sess;ons was s;gnlflcant (Scheffe Test. F = 2 78,

IR . Results 3ummary

Flve performance measures were examlned ‘as .- re-

"flectlng spec1f1c task. demands of the cued-alternatlon'

»

problem. There were pervasxve learnlng group dlfferences

';1n lnltlal response latencxes tnroughout tralnlng wnlch

favored lmltatlon subJects. Analysxs of total responses

per session revealed equally strong and consiStent_dif-v<
, ferences in favor of hlgn domlnant sub]ects. Tne ratio of
'»relnforced responses to total response output was analyzed

~as an 1ndex of. response eff101ency. Analysxs of tnese'

-‘data 1nd1cated a general trend for improvement among all

x5

sub&gcts, but better perfOrmance Dy 1m1tatlon group members

in the last two testlng sessxons.‘ Flnally, analyses of

S
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‘error measures 1nd1cated general 1mprovement among all

subJects on alternatlon demands of the learnlng tasx, but
'vgroup and domlnance dlfferences on success wltn the. tlme--W}
" out requlrement.“ Examlnatlon of percentage tlme out

;.'errors §901cated 51gn1f1cantly greater ge;éentage errors,
B | .

among nlgn domlnant squects, espec1aI1y in tne non-lmltatlon’,;

‘s

- grou and a 51 nlflcant decrnase Ain error ocores as a func-
’

Atlon of testlng SeSSLOnS only for memDers of tne 1n1tat10n
';earnlng“group, ‘ ' ' '

N

P o



" 'Discussion

. Learning and Imitation |
, : ~ . e
Three measures of learnlng performance prov1de

"ev1dence of 1m1tat10n 1n the present stuay. vuatency~of.
!

”.kWays. prosure to tae model's performance ulgng result 1n .

;«{coaldsassoetate—deiivery—ef—retnfereementAwith*tﬂe—mede%—s

, 1n1t1a1 response, percentage correct of total response

;output, and percentage tlme—out errors 1nd1cate tnat expo-

.,snre to the model 1mproved botn response acqu131tlon and

vresponse efflclency on: tne 1earn1ng task

VPPlOP ooservatlon'of~the model could nave im-

'proved-initial response latency in at leastthO’different'

-

»mcloser attentlon by the ouserver to 1mportant features of

—

‘tne 1earn1ng env1ronment, and thus facllltgte early dlS-‘

covery of tne approprlate 1nstrumental response.. On tneﬁ

otner nand, thevopserver may,attendnprlmarlly to the con-

Sequences ofrtne»model's performance. »Snch attentiqn;might_

'result 1n v1carlous relnforcement and‘strengthen modellng

'act1v1ty (Bandura, 1965) . dowever, 51nce the magnltude,f

of reward was qulte small, the model's drlnklng movements

¥ .

'were mlnxmal.' Tnus 1t lS questlonable wnetner‘tne*observer—m**”“%%

i

Denav1or prlor to hlS .own experlence wlth the relnforclng '




mechanlsm._‘This‘consideration indicates that initial'ex-7‘

K4

‘lposure to tne model prooably resulted 1n better attentlon
.by the observer to 1mportant features of the. learnlng
- env1ronmént.

More general dlfflcultles w1th tne v1carlous'

"relnforcement 1nté/§retatlon of 1m1tatlon effects on resJ’
-

fponse 1atency arlse due to the lack of sxgnlflcant cnange

in this' parameter as a functlon of repeated xperlence ac=

- cordlng to a v1carlous relnforcement hyPotne51s. ReDeated

exposures to the model snould have prov;ded addltlonal
v1carloustre1nfo cement, and ultlmately'have led,tO'better:'
jperformance by ;mltatlon subJects. doﬁever, mean response
_‘latenc1es did not 1mprOVe as a functlon of practlce for
elther learnlng group. _~ ?' o f:‘( ,.']' 4—‘*\d
N "The general lack of practlce effects can pe er',
plalned in terms of the multlple relnforcement contlngen-;
cies 1n‘the cued-alternatlon task , Tne tlme—out procedureif
functloned as an aversxve contlngency, whlch'usuglly proa<
‘_duces decreased total response euns51on snlllenson, 1967)

“or. slower rates of response (Ferster, 1958). In addltlon,

the alternatlon contlngency also led to frequent avers;ve

,7consequences1TWOftenean—approprratelyWdeiayedﬂresponse**c**lsnf%%

'Aresnltedalneanealternatloneerrorf——Sueh—errors—re&nstated

the tlme out perlod, "and furtner delayed dellvery ‘0of the

P
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‘avers1Ve effects of these latter task demands may have"V

f: obscured any effect of elther v1carlous, or equrlenced

j' reward upon 1n1t1al ,/spgnge\latency.

next relnforcement. In tnls sense, alternatlon errors

were functlonally equlvalent to tlme-out errors. ’Therisg,' "7":

' 1ng ev1oence on tne relatlve lmportance of tr:Lal and-error

, formance for nonelmltatlon sub]ects 1nd;cates that prior

-exPosure’to'a.group member's aCtivity was a more salient.

\1_ learnlng to normal prlmate development. t B en",’ '
more clearly affected by trlal and-error experlence. Botn‘}
_a functlon of practlce. In addltlon, thlS measure lndl-

'~¥eﬁeetter response—effeelency laterelnetralnlng+eeComparlson-

; of mean percentage correct scores for the two learnlng

_:if however, tne latency measure does prov;de strlk--

and 1m1tat10n learnlng. Comparlson of ftrst se551on mean

latency for 1m1tatlon subjects w1th flfth sess1on mean per-.

determlnant of 1n1t1al response latency than was con51der-m~
able trlal and-error experlence Wltn the relnforcement
cont1ngenc1es of tne learnlng tasP lnlS flndlng supports

hall'* (1968) comments on the. extreme 1mportance of soc1al

lne percentage correct measure of learnlng was a'ﬂ’@%?7f
learnlng groups 81gn1f1cantly 1mproved on thls parameter as*a-

cated that exposure to tne model- resultedmlnfrelatlvely»mwaéeméef‘e;'

groups suggests tnat'practlce,wltn'tne learnlng,task nad -



ceed the beneflts of tr1a1 and-error learnlng.

L B . . N

[4,]
<&

o
-

more lmmedlate effect upon response efflclency, and tnat

’addltlonal exposures to tne model were necessary to ex-

Exposure to tne model may facllltate learnlng

: :Dy permlttlng more efflclent use of 1nformatlon galned

o durlng trlal and- -error practlce.v W1thout some experlence i

1n the learnlng 31tuatlon subJects may not attend to.

crltlcal aspectsaof,tne modeLWs benavxorerFor—example, ff

1n1t1a11y the obsgfvers may fall to attend to the model'
l‘

rate of performance, or to the correla ion of nis. responses

w1tn the onset of»the tone. Alternatlvel tne trazl-and- ;

error experlence may prov1de opportunlty for tne observer~-

N Vo
to a;soclate tne model s oenav1or wltn déilvery of reward)

T 2N

Tnls latter assoclatlon would result in v1carlous relnf%rce-

»ﬁ%nt’durlng tne later S rvatlonal perlods, and tnus lead

to 1mproved efflclencyvlate in tralnlng.kl\

It is also p0551ble tnat tne effect of model expo-
‘sure upon.response efflclency reflects some form of delayed
1m1tatlon.» Tais. 1nterpretatlon would suggest that the

superior responselrffLC1ency of 1m1tatlon subgects“does,,

C

e

not necessarlly entall-an 1nteractlon of trlal and-error o

1 4

1earn1ng witn suosequent opportunlty for: observ1ng correct N

performance.' However,.only_a;second ;m;tatlon group.yltn-.-

out repeated model exposures could provide definitive ‘evi-

I~
I4




1
]

,‘
.
2
-
E
i
|

T TR e T e e e e T

6uU

dence for delayed imitation. This additional group might
provide an important experimental demonstration of unex-
pected imitation capacities among macaque monkeys.
Examination of performance on the two error
measures clarifies the interpretation of learning group
differences in response efficiency. There were no diffe-
rences in percentage alternation errors between the two
learning groupsj; all subjects improved in alternation per-
formance as a function of testing sessions. In fact, by
the last session, the number of correct alternations was
similar for most subjects, regardless of status or learning
group. However, analysis of percentage time-out errors in-
dicated that exposure to the model led to significant de-
creases in error scores as a function of practice only
among imitation subjects. This finding indicates that dif-
ferences in learning group response efficiency resulted

primarily from a smaller percentage of time-out errors

among imitation subjects. Failure of non-imitation subjects

to improve time-out error performance implies that exposure
to the model was necessary for acquisition of appropriate
response timing. However, it is likely that with addi-
tional training, members of the non-imitation group would
have developed the necessary response inhibition, since

the time-out procedure has been used successfully with

macaque monkeys in non-social earning experiments




bl

4

(Stebbins, 1971). -

e

Demonstration ofrimitationfeffects on time-out:
performance'haséinteresting theoretiCaleimplications. An

account of this effect in terms of vicarious reinforcement

requires the assumption that observers vicariously experi4ﬁfq“‘p’

[}

'enced the aversiVe effects-of the.model's tlme-out errors}k

“'-b}ven the model s extremely low 1evel of such errors,
4could 1mprove on thlS parameter 1f they attended t \ the

f.assoc1atlon of tone-onset with the)model s response, or

,'1f they attended ‘to tne modds s rate of response and used R

~exposure dld not xmprove acquls1tlon of sangle alte\*at;on‘

thlS assumptlon seems unjustlfled. Imltatlon subjects

]

thlS 1nformatlon to pace thelr own act1v1ty 1n tne experl-

mental chamber. In elther case, lmltatlon effects on tae

ftlme-out parameger suggest tnat 1mproved learnlng perfor-

mance resulted from observer attention to tne model S per-,

formance in the learnlng enV1ronment, ratner than v1carlou5j

» .

”relnforcement. 1_ ' SRR

¥ N . ‘-'.

In summary, oppOrtunlty to observe a model 1mproves

learnlng of a complex task'by ennanclng initial reSponse la-_

'tency and acqulsltlon of approprlate response tlmlng.- Aodel

,Wbehaulorff Tnusglngthegcuedcaltennatlongprghlem lmltatlon.

”2fac111tates perfbrmance on temporal, rather than spatlal

parameters of_learnlng. Flnally, 1m1tatlon effects provxde
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no direct evidence for a vicarious reinforcement view of
modeling, but rather suggest that opportunity to observe
a model results in better attention to relevant features

of the learning situation.,

Social Status as a Parameter of Learning

Two performance measures, total response output
and percentage time-out errors, indicate that social status
is an important determinant of learning performance. Domi-
nant animals responded more often during each training
session, regardless of experimental treatment. Such status
aifferences in total responses parallel differences in ini-
tiation of agonistic interaction in the social group. In
both situations, a anigher frequency of response character-
ized high status animals. This comparison invites specula-
tion about generalized response dispositions associated
with social dominance. However, status differences in
total responses should first be considered in relation to
similar differences in time-out performance.

Correct performance with respect to time-out
demands of the learning task required that subjects inhibit
responses during the time-out period. Status differences
in this performance suggest differing response strategies

with respect to the multiple contingencies of the cued-
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‘alternation_task;,'ﬁigh status suDjects maximized total

. i ‘ . e = S
. number of rewardS’by‘lncrea51ng thél response output,

TnlS strategy ‘is most sensxtlve to reward contlnﬁenCLes,-»423“***“"

L U ORI L g

i‘and relathely 1nsen51t1v» to tne punltlve tlme—out pro-

cedure; Such an emgna51s on reward leads to a’ greater

'percentage tlme -out ‘error score for domlnant anlmals.

: In contrast, low status suDJects malntalnec an eéulva-

lent respsnseseffieieﬂey at~a~¢ewers}eve1 of—tota% re—t
sponse output.‘ Ratner tnan max1mlzln6'rewar\4/tnese

SUbJeCtS appear tO mlnlmlze averSJ.ve t.Lme out ermrs.

Taelr strateby is ‘mos t sen31t1ve to punltlve consequences
of tne time-out procedure and thus results in batter ten— o
' poral spac1ng of reSponse em1551on‘r %ltnough sueca low res— S

ponse rates yleld fewer rewards early in tralnlng,‘oy tae L T

flftn se551on subordlnate anlmals acnleve a level of correctl"

\
alternat@on performance equlvalent to tnat of domlnant

‘anlmals. -

Tne learnlng group oy soc1al status 1nteractlon~

jon tie tlme-out parameter 1nd1cates tnat tne effect 35

model exposure alffered Jccordlng to domlnance status of

tne observer. klgn status animals exposed to tne model

nad fewer-tlmeeout errOrs ourlng_tralnlng tnan.nlgn statu59w

non- lmltatlon Subjects. However, low status, 1m1tatlon
. ’ : A Y
suDJects nad more tlme-out errors than low-status, non-




imitation subjects. ThlS latter dlfference was eSpec1al-.

ralnlng sesslons. Observa— |

: red 1nappmpr1ate stat us

ly ev1dent dur1ng tae early

tlon of the model apparently
"related performance patterns, an' led to a better approxl-:b
“~matxon of correct cued-alternatlon performance. -The re—”“lj"fifjigi

Sultlng Slmllarlty in Derformangewoflhlghlandmloumstatusm_ww-uﬂ—mu—A

ooservers may reflect an essentlal feature of soc1al learn—_

1ng - tne tendency for sucn learnlng to produce greater

' benav1oral conformlty among group memners. '
’ The precedlng dlscuss1on has focused prlmarlly

It 1s appro-

l‘“-'_ "lg upon,behav1or in tne}experlmental settln i
L . ‘ p »
prlate to speculate about the orlglns of ucn performance
o .

dlfferences as a functlon of prev1ous learnlng hlstorles

T -

f~1n”tne"soc1 group. The provocatlve parallel between R

fbtal response output and frequency of 1n1t1ated agonlsm
suggests that status dlfferences in response dlSpOSlthnSJ;‘ B R
mab reflect adaptatlons to group 11V1ng. ‘ . |
‘;Qﬂb . Although domlnance status was assessed 1n terms -
‘:~of dyadxc soc1al confllct domlnance relatlons pervaded |

o 2
most soc1al 1nteract10ns.; ng\;gomlnance status prov;ded

- a varlety of soc1ak.prerogat1ves,'e g. prlorlty to fodd,;;ﬁ

P4 ol
toys, preferred»restlng 'places. ~Domnant -anlmals often . E '

1nterfered in act1v1t1es of other group members, and were

able to effectlvely control much of the behav1or of thelr
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-subordlnates. Moreover, when a hlgh ranklng anlmal was

1)

_attacxed.oy -a- superror, he often redlrected aggressxon

,fitoward a subordlnate. As a result hlgh domlnant anlmals

‘seldom were forced to completely 1nh1b1t actlvlty. 'Inh

contrast,_the lowest ranklng group members were contlnu-

'ally%exposedmtouavers&vewsoelalecontroluwhiehwdemandeemrn

thlthn of Spec1f1c-responses. Due to tne1r relatxve-

K

. status, subordlnate anlmals were commonly forced to walt

*for access to desxred goals. In addltlon 31nce,these»'

i~an1mals Wwere harassed by almost all other gnoup members,'

;tney had few subordlnates toward wnom tney could redlrect

<.

aggreSSLOn.'

h Such soc1al dynamlcs could ea51ly produce spe-

c1f1c dlfferences in response dlsp031tlons, as well as -~

“dlfferences in learnlng ablllty and 1nd1v1dual tempera-

ment. However, such 1nd1v1dual dlfferences also could

provide a ‘basis for the development of thls type of soc1alt

' .
‘ g::&gggiact1on.; Animals wlth,greater tendenc;es for,response

L

'1nh1b1tlon are more likely'to’ptovide~positivelreinforce—

f‘ment for opponents durlng agOnlstlc 1nteractlon. This

1latter con51derat;on emphas1zes the respons1veness of the,;

v1ct1m as the prlmary»determlnant of relatlve status. - In-

a falrly closed permanent soc1ety, llke that of»macaque

monkeys, genetlc dlfferences in soc1a1 temperament could

e
e



Y

'.tl.relatlons neeessary» for group surv1val. AIfhough dom-

" nangce’ structure in’ feral troops is un

learnlng dlfferences as a-functlon of soci\s

provxde a ba51s for the’ ma1ntenance of 1ntra-group power

.oubtedly the result

o many conVerglng factors, more extens*ve analy51s of

status could

offer fundamental 1n51gnts 1nto both the ontogenetlc and

.pnylet;c determlnants of linear dominance ulerarcn;es.

-

S e o T .
~Ethological Concepts of Imitation—
A major criticism of early obéerVatiohaltiearh-

1ng research ‘focuses upon the dlfflculty of relatlng ex-"

1"

perlmental results to forms ‘of 1m1tatlon obse%ved 1n the'

_,,,soc1al group (hall 1963, 1908).. The more comprenen51ve ww;
.formulatlons of an1mal 1m1tatlon have been derlved from
naturallstlc, ratner tnan experlmental, studles of.soc1alvff

',learnlng. However, results from the present experlmental !

analysxs can be related to learnlng concepts derlved pri-

» marlly from f1eld observatlon.

forms of 1m1tatlon. soc1a1 facllltatlon, local ennancement,

Etholog1cal views of learnlng dlstlngulsh three

' and f%ue 1m1tatlon (Thorpe, 1963 thmer, 1971). ‘Soc1a1 S

'fac111tatlon 1nvolves tne e11c1tat10n by a socxal model

of a response-already in the observer 8 repert01re; rt is 3

a form of imitation in which no novel response is acquired. .-

Y




N

hThe report of av01dance learnlng among young Patas monkeyw
(Hall E Goswell 196u) prov1des an. example of prlmate soc1a1

}ffac111tatlon, 31nce the fear response was e11c1ted Dy obser-
:vatlon %f the mother s reactlon.. Local ennancement refers

to tne aﬁ‘llty of a. soc1aprodel to dlrect the attentlbn

“of an observer to some salient feature of the env1ronment,

gand consequently to ac¢elerate trlal—and—error learnlng.»“dh”

_Tnls form of 1m1tatlon nas been v1ewed as a spec1al case
: e

+

,of soc1al fac111tatlon, but it usually 1mp11es some- form
Lof perceptual~1earn1ng (Thorpe, 1963). Propagatlon of the d: ;

'Q'wheat-eatlng hablt among members of the Mlnoo B troop of ‘

iJapanese macaques (Kawamura, 19b3) can oe 1nterprete as
a form of local enhancement, 51nce these an;malsthadto-“7\'
" learn- that wheat was an’ edlble substance._ | |

| Trueplmltatlon is dlstlngulshed from the above

_,forms/of\lmltatlon, s;nce 1t entalls sudden acqulsltlon

’1

. of a novel response oy tne observer througn 1n51ght learn—

'1ng (Tnorpe, 1963). ThlS deflnltlon stresses the ooserver s

N

'sudden reorganlzatlon of prlor experlence during observa—
tlon of the model's act1v1t.y. : Ind1v1dual pmpagatlors of

%TW,_ h*5 {f'placer-mlnlng of ‘wheat- and potato-washlngvtn themhosnlma'ﬂmwwu5%—*—*

*9;*mh~Lmwa——tPOOP—Of—JaPaneseemaeaque34PPQthesgtheebes;eexample of f'hb

true- 1m1tat10n among feral monkeys (Kummer, 1971).> Both
®

of these novel act1v1t1es require- delay of’ normal appetl-.

- &



f_tlve responses,'as well as 1n51gnt into the consequences
of the benav1oral elements added to the old feedlng pat-‘“

itern. The pre cultural transm1551on of novel patterns

from parent to offsprlng usually is. d1st1ngu1shed from
1nd1v1dual propagatlon of novel nablts (Kawal, 1965).,

ne former process usually entalls trlal and-error learn--_ L

‘;hancement.‘

,1m1tatlon sub]ects whlcn led to early dlscovery of the

1ng,»and thus can be v1ewed.as'an~example of_local enf

A

Only two.. of,these,forms ofﬁlmltatlon areeevlde.

. in tne present experlmental analys1s. Flrst SeSSIOn"lmita-~~uj;m:

-tlon effects on response latency can be 1nterpreted as

ev1dence forvlocal enhancement._~Act1v1ty.of»tne model

'vduring the first obserVation'period provided cues,for tne

.

approprlate 1nstrumental response.' Learnlng group dlf—

iferences in latency performance durlng later sesszons,
f-iﬂwhen all Sub]ects nad acqulred the approprlate response;r

.llndlcates soc1al facnlltatlon.p Even aftgr all‘suojects
-nad learned now and- where to respond, pre- se551on expo- rf
:wsure to’ tne model resulted 1n faster 1n1t1al performance

"'1n all ‘cases.

f'x'mtatio*ﬁ"-'e'*ffe*cfs'”aﬁ“fiine:aatfpé rformance can

‘rmbe“1nterpreted*as*e1ther“locaI*ennancement or soclal ta-

c111tatlon. " If improvement on tn;s_parameter resulted
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'bfron assoc1at1on of tone-onset”w1tn tne model!' s.response,n'
Afthen tnls 1m1tat10n effect would be an example of local
'“ennancement. For in tnls case, the‘model would nave 01;
x‘reoted tne observer S attentlon to a sallent feature of

_the env1ronment - 1, e., tne tone. If 1mprovement resulted

RE < e

";from tne observer s attentlon to tne temporal aSQects of
the model's response pattern, tnen tne 1m1tatlon eerct'“5<m

\.coulc be an~example of soc1al fac111tatlon.T7However, 51nCe

'-tne ooservers may nave been u51ng eltner of these two cues,

it s not-: possxble to state generally wnlcn form of amltatlon

underlles 1mprovement on “the tlme-out parameter. o

&
L

Implication for Field Research )

. , S ':?_

The present results lndlcate 1m1tatlon effects onl
”performance of both nlgn and low status suDJects-wnen pPlOP.‘

. motlvatlon and -exposure to tne model are controlled. Tnlﬁr

“flndlng suggests tnat factors in the natural settlng, otnersf
tnan soc1al status, may procuce tne apparent lacx of 1mlta—

tlon among domlnant.group menoers. Slnce mos t of ‘tne flelcff

' ’
reports on pre cultural development focus upon fooa-related

- 7'7‘~,"’ e

act1v1t1es, prlor deprlvatlon levels are llkely to de. 1mpor-

tant_determlnantsrof imitation of these novel«pehav1ors.
.Observation of4feeding,habitslamong.macaqueigonkeys indicates

that higher.status mnimals have’first acéeSs'to'food;resources,



'and tnat lower status anlmals often approach the feedlng. 5]T77t;

area only after tne nlgner ranklng anlmals have departedl

"(Itanl, 1958' Frlscn, 19b8). Such feedlng hablts would

‘ "lead to lower food motlvatlon among hlgn status group _ ‘
N . ‘ . . ‘ : o «./ . N R
- members.when a suDordlnate model demonstrated the novel_y‘: p‘{;Fﬁ

act;xxgl

'_to feed in the presence of nlgner status group mempers f - "V-"'

would minimize tne llKelanOd of domlnant anlmals belng

u"l exposed ‘to any novel food-related act1v1t1es.
| Thus, prlmate soc1al domlnance may lndlrectly
lnfluence 1m1tat10n in- tne fleld througn its 1mpact on
*f47'““wmt5dlstr1butlon of food resources, and soc1al spac1ng of
| __group members whlcn result in dlfferentlal opportunlty for
exposure to the soclal model. ~ACC€SS‘tO food resourcesv B
1 and soc1al prox1m1ty are)also influenced by otner dlmen81ons
) \‘of prlmate soc1al organlzatlon whlch nave Deen related td'
'fpre cultural development. nlnshlp bonds generally 1ncrease'
i the 11Ke11hood of soc1al proxlmlty and mutual feedlng.
‘Thus a proxlmlty pr1nc1ple may prov1de ‘a general explana-_

tion of the effect of soc;_.al relatl_ons upon lmtat;onpln_

~ feral primates. -

2 : e L,,,;,} i

An addltlonal determlnant of exposure to novel ' f;af

act1v1t1e§ is the 1mpact of the observer on. the performance

of the model. Results from the present researchklndlcate .
; _ o o . , : e

e - , ST



fv;if

l;that subordlnate anlmals are more successful tnan domlnant

anlmals 1n delaylng réfponses.' Close proxlmlty-of a hlgn

;status anlmal often results ‘in loss of de51rable obJects

' by subordlnate group ‘members . Consequently, low domnant

anlmals may have learned not to respond in the presence'::T

._of nlgher ranklng group members. -Such learnlng‘would

prevent the nl}h\etatus anlmal from,observ1ng the. novel

: 1nh1b1t food-related pronlem—sdiv1ng actrv1t1es wnen in

N domlnant feral monkeys only reflect modellng deflcifs‘

’trueéimitatlon, ‘the’ above prox;m;ty i

“to tne.examples»of’potatoeﬁashing‘

o ' /
. act1v1ty of suoordlnates. Reports from fleld studles

”(Goodall 1971) 1nd1café tha; subordlnate cnlmpanzees do'

‘_proxlmlty to hlgher status anlmals.f In the present expe-

.
riment, ooserver 1nterference with the act1v1ty of the

,..

' model»was prevented oy tne des;gn of the learnlngrapparatns;

Adeqdate exposure to the subordinate model's activityfled‘
to.demonStration of imitation,learning'in nighfstatus'subf_ -

Jects. Perhaps tne apparent 1m1tatlon deflcmts among

2

among their soc1al suoordlnates. :
, : _ v

;{ Slnce the present researcn d1d not dembnstrate

retatlon of -

¢

'fﬁre.culturalgeyelopment~must be a lied:more tentatively

d plaCer—m&nlng of

B Tghe5£1' if tnese act1v1t1es requlre an ablllty t° 1““1b1t

f» normal appetltlve behavxor, a tolerance of delay 1n con-‘f

s - .
K}
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vsummatory responses may fac111tate acqulsltlon~ef such- novel
'i‘patterns., Greater concern w1th 1mmed1ate food consumptlon‘
xgmay prevent hlgh status anlmals from dlscoverlng the bene-.
 ‘f1ts of the washlng nablt (SFurthermore, both of these-"r‘

H'examples of true-lmltatlon entall novel responses 1ncom--

PR ©

’fpatlble w1th normal feedlng Dehav1or (Tsumorl, 1967

?\;patlble responseupatternsgrequlres,an unusual ablllty4I0

before it is eaten;v.PernaPS'aCQu1s1tlon-of’suchklncom-“

‘iFPlSCh 1968) . - The food must e thrown away or suomerged itf‘-~"v

tolerate the occas1onal loss of the goal onject. vSuch

RN .

_?telerance may°pe more cnaracterlstlc of suDordlnate group

TN

members, and- consequently result 1n thelr mﬁre rapld acqul—

- @ LT
,¢_s1tlon of novel 1ng patterns. S -
- A
, - ’ P
% - o o
i A a . .
. N L‘I s N . .. - 'V - v
e “
o . . '.' P : . .
ALY . . ‘ V ‘.



"

R 4

S

R

 APPENDICES

.
a
.

o

u

.
'
.
.
«~
-
-
«
o’ 7
Py
. «
-
| - .
s -

i



~ Observed Agonism for thé Imjtation Grog;}, o

a2

A3

“'Chases )

'Assag;js :1'*?] "}{..,»d;.?rie}i;

”*deﬁ’

A5
A6

it ) =

Clasp-Pulls s R PR
‘1Threaxs R

DisplaceS'*'“5v-f’"1?9'=’:5"* o ;it:;,ii

;Excludes

Same number of initiated interaction for each member-i
of the dyad -

. ‘ B - ,.v . . ) - A -A,’—r' “
. ,"/»/:,, - i . ) R RN .o » . . . . } . i e - -}

L/ffi!=<ﬁéve}§%1 of dyadic dominance when compared to group

domi ranking. T‘ FEESEE N

- .




75

»Appengix 51: Aﬁsaults g

T 101

-

o

kS

~

njo|Jo|lolo]lolo]lololo]lololo

S

D 1Y

b

vy

51

L1

1

91| v1| 21

ov

(1%

A 4

v

SIVAINY |

€1|

- .- sjuardyody

sao3eTiTUI

Y



76

Bites

’]Appgndl#'AZ-

€1

A

1T

ISTVICL

~

%l
Db

’

0T

(o0 |

LY

b

s1

._”d

~fj ] <]

L1

u

91

v1

oY

9y

SV

)

a

v .

LY

48

=

1

A4

| oo % | o o o | o o+ S '6'»or3c§,

101

« €1

vv

oq

| G1

L1

97

%8

21

Qv

9V

H<.

v

2v

STVLAT

4

,.wpcmﬂnﬂumm.Am.

SV

 Sa03eT3TUT



N
e N P T T e
L T T d T 111 Ei T ...m.ou,

=

M} o

LY

Ny

o~
sl
i

ST

'

18

—
—
*

hd

Q1

Chases = =

v

lad
2

77
N J OJ O
. 4
| A1/

v

9v

{¥s }
N

kAppendianB'
—~
—~t

SY

v

€Y

i

Slofv]lo]l o ool od e © or‘o‘o-_

cY

_ - _ ,
.. sjuagdyoay - o e

[ roxf e1| wv| o1) iv| s1) 11| e7| 97 v1| 21| ov] ov| sv| tv| ev| av| sTwmuznv]

-, ’
K il... ;

-

u

' sjoqvqunj



78

Y

o

vt 1lelrltfsfo]ltlolwlelvfv]s|r.]ol] s
| SR N RN O S D R A R (R - N B R

Y

0T

LY

rey

11

| . , . T L1
91
‘p1

27T

cv

9V

ol o ol olol ofolv] o o oo

1 | | T 171 “ — T3 C ) .__‘_,m.wJH<y
._ _mv _.w ,«,.,,, ,.w % .  _,, of T w (4 H., . -  ., a,m<

2| e1| wv|.o1| ev| s1| 1| e 91| v1| 21| ov| ov| sv| 1v| ev| ev| savmIny

st:p}qjuxi}”

 ‘m»cmaaawom

. . !
a. 4 - [

(2]




79

Threats

[
-

Appendix AS:

.

0T

€2

Fad

[0}

81

ge’

ve

STVIOL

2

—_ I o b ben
(O B Al N o P

J,u 01

b v

~

8 s1

£ 11

.,
L N

L

% 91

'7‘1"‘ I b B

o w1

i

p 27

1ot

8 ov

)

g

$sY.

P

Jo.n

8 ev

. .

1

.N ..

o v

1ol

€1

KAt

01

11

L]

91

1206

T

9y

v] eV

SIVHIRY

£1030TTUT

i sjuatdyosy
. : | Lt R
“\ g ; :




8o

‘Displacements -

Appendix A6

.
-

.S

]

VIGL

o]l o]l o

N

1

m

(1)

.ﬂ fJ.\

1T

ﬁa.

mﬁ

o+ o Rj:'oé oMololofo]lo| o o oo ] oe
. ,
+)

tY

01

.._”.

o v

1O |

€1 by

61

11

1| 91| v

B

21

9V

v

gv

CSIVRIINY

.

- ,_mucuﬂawumm

$303°T3TUL



;_81;

:,Exélu510n3"7

‘jAppendixrA7

Kok

v

,NEH '

STVICL

3

€1

144

O\H» R

v

T T | - §T
.. , — : .

0 i 5 T
1o tlzfz |1 , m e W LT
3 - | _

(YU

Ko o3 Wé-xc& ot| o] "o

91

—

148!

- Wi

¢T

(A

oY

LT’

J =]l |

ool ] ol ol v v

z |

1T

62

0¢

i

N 731

g1

v |

LY

ST

11

ov

SV

v

s3juardroay |

,

. ﬁ
L1} 91| v1| 21

saojvraTul



Observed Agonism for'ghe NOn-Imitation Group

B1
B2

‘BY4
B5

. BT

3% %

-B§~“Awuehasee

6

'w;

" Excludes

5 AppendiirBi'f‘.

Assgﬁf/

Bite§

Clasp-pulls

nThreats ‘ 5:':" ~.>s  a::>‘:‘..«_ ,_ f',‘:7 f/t_i

'Displaces

.

'a,k_:_ g

Same number of initiated interaction for each member
of the dyad ' . : ,

REversal of dyadic dominance when compared to groﬂﬁxz,ﬂf%ﬁ'
dominance ranking., - S I

.:9?

L
b



' Assaulfg

ndix Bi

s

~

)
V1
Yol B
o -
-

ololojole]loloele]e.

‘\o .

-

o} o

el

-t

C& t)}«y-ﬂ3; c» c&_\}lkc& ﬁi’\a,fcﬁ-ﬁb‘ﬂd‘ or| o
ol . .
W

-

™

—

oY

L

21

L1

11

1

v

124

1Y

OV

€V

61

gm&

sTYHINY |

Al

- s3justdyoay

§1030TITUT



Bites

' Appendix B2

- STYICL

9y

.
£

01

9T

o

¢

271

L1

11

oA

€1

148 ¢

by

- CY

TV

S103e73TUT

Cv

€Y

ST

T

T.

ol or|oloro o c»-W5 .c4:Y5;\b7'c» Eﬁ,\o or| o

SY

9V

LY

01

91

21

L1

- 11] €1 1

by

cv

P

v

13 4

51

‘ Sy

_sjuardrtoay

_o<.

SINHIRY



: 85

.. HJ,

Qﬁi U wea

0z

. A

1 | : P 0T
. N ) - p o
BN | t
] Pl
”J//f S N i p 11

TN SN N e

L3 I M%‘. | o v

v

orlo |.ovf ot
i H . -
i

o
PN a4 ]
<

O

61

3

P

sv

€1

Y.

vl

vy |

2v]

T

ov

£

§1

v

L1 11

~-sjuatdysey

| STYWINY

saojey3yul



86

: Clasp-pulls

‘Appendix BY

or|

WeX)

(&2
W
L

fwulalalolalo

e

~

nfi n

o] o '¢* o | or| or|o | ctjo |o | or|% {0 | o
|

P sY

‘9v

w)o

21

111 €1

A

eV

Ao<

eV

1

v

STYVIINY

|

A

sjuatdTosy

o

R

- saojer3Tul




8

__Appendix BS: Threats

L1

, €2

| A

61

.WH_

CIvi0

1t

1

.»_‘H_mﬂ

&

% oy

WA

p 91

b et

N

pt

(1)

o1

3 ¢1

p v

3 vy

b 2wy

oy

tm;oa

€T

Copley

o | o

mwmu;

—~t

~l e

N 1 _v

b w<,

2l ov

LY

ks

21

L1

11

€14 v1 _¢¢

4

sy

. STYWINY

Mn‘ sjuatdroay -

N

SI03eT3TUI -




R Efjaé'!

cdey e vl vl vl el ezt o] vl vlel vl o] of of sivies

0
PP I I N T LI T I I T T T T I T1 50
4

/-
)

L INC . e |
et | e
e

1 AN} | L
M.. © 3 —1 .m_.J///_h I T .._ __Orwm;

—
—

O

Nn]l.ol
/
L 3
N

uy
—
™
~

saoqeri}ﬁl.“

S,

‘e | frox) evi cv) o191 21| c1f 11| €1 v1| wv| 2v| 1v| ov] ev]| s1| v sTvaIny
, , . s3juatdyoey . . | o

\./”




: Exclusions

‘Appendix BY

oLt

01

Ve

| 11}

Lt

ST

£

w

J P

NG

S\

~l

<

€

Tl T

2

1ol

01

.mmﬁ.

L

11

€1 v1

v

Y|

ov

ev] 51

Y

. sjuardiosy

| éJoqpthﬁl



 f_ )APpendix:Ci‘g

N

4y . _Performance of the Model

c1 1';Mode1's Pfeliminarnyéfformance'dufing Alternation

~ Training

4

e

R -

“B.  Low Dom‘inant‘:' 'Sub;j'ectsj, :

N

-
Lo

€2 Model's Performance during Observational Learning:

A. High Dominant .Subjects

1]




‘%

—

Blocks:

~ Appendix C1.

Model's Performance during Alternation
Training ' ]

100

.~ Alternation =
- Trials

Number Correct -

-~ R -

Timihé Eri‘o"rs-' .

; 10,

O\ T

12

3 i~

49
.52
LT
T

Gl
| 119 B
92 -
19 - L
.18

| gzéh
T

Observer L4 and Deprived:

/

60
71
13

85
90

96

oy
rd i




-

7ﬁ;k

Appendix C2, Model's.Performance;during-Obsgrgé%lonal"P';'»

ObserVer»’}iﬂéESsioh ‘»Alternationsv‘ - Errors . ’3E§r0r51F

AL .HighiDbminépt“Subjgggg:‘

1>Léarhin'ﬁ"”eﬁimentf T AT _L”

) - -
F

. Correct »gAltérnafionjw'Timingfﬂ:rﬂ;f

LR .

UV 0 N
=
\D
e MLV
YV OO

U U -
e
D GOUN
WUV O
“UHoo |

mﬂpmd
=

Vi
WU = D~
O=-\WNO=

U 40 D =
=
i
 oON@®OY WU
o= 00oMu




o Learning»Expefiﬁéht

  “3{"~-Log/zg;ihant,SGﬁjéctgah v  “  ;%1h;  A 3

N S . Correct Aitéfnatibn. 1Tiﬁing sj?”
- Observer = Session. ~Alternations - Errors - Errors -

s

PR - Ljv T S
| . o o
2
6
Ny ¢
46
48
gl
1

. Ll'6 : - :
e
B -
2

e

HH O NO

RO IR
TN DI

V&
HOON N
orNFD .

&0 -

DT

™

N EEFNO
NONKO

L]
U &0l - 4

5, .
M ‘/ P

RS Y .
LG ESC ¥, S
VIO +0O




% ..

b | ~ Apperidix D: |

- ;»}ExpériméntaiVRerfOrmahée éhd"Learning;SCOreé

© " for all Subjects -

. D1__ High Dominant Imitation Subjects

B

g_D2§~§lpw Dominént*imitatibn Subjects . o~

[4

D3 High Dominant Non-Imitation Subjects,

D4 Low Dominarnt Non-Imitation Subjects




! obe,

95"

exaq

8% T2
e -2l
ge [

ST g9
ol 06
\‘:n._J”Hn_

%9 | L

- ”n: e

02 |, 2Zh
. - Nn S e
¢;»;,mn‘ .92

3V ¢ 0/L ¥  ‘3on ¢ °dsey

06 |- L2

65 - L2

T N 2¢
e | N/l2
L

AR

gt | 26

o &I

>

886"
goT°

owsT
.meW- }

*1100

,v ,,nHmr..

#91 "

o Lleot
B go ._‘ B

150 ©

cer®
ege - -,

B A
. .H@Oo ,
. §%e”

e "

6.LT"
OmN .-

onmd

¢

S
w.
6
6

S AN A~
* s o .
O INNO\Oat .

N A

O\ —H\O
LI

S NCE Y.

I

O D —=AD.

‘3eT
*dsay

- gce

- 98¢
ote

09
95

THT
. 69T
- ¢oe

- qé2
311

Wi
.9

6¢T
06T

- 98T

R

9 . 9L 04

R
-0Te

¢te

..mmmm__

@It - 96
99T 09
.06 16

ot o
1z 42

S 4
eHT ¢

#.T . 2f

e S

02
6¢  LL
02 . 6%

- 4T e

6T 8
95 c9
99 ¢l

€6 88

0/L

<

,p:_,.muvonpsmmc0ﬂvwvﬁeH vcwcﬁsmﬁunwﬁmwu"-n xﬁwcmmg¢

OO

5L
06 - £6~

eaaq

N\ON\O

*3TY
"1y ..... -LH.HOO

>

4

308

-qns

;W//ﬂ

Y



%6

R
- 02

Ul

g0t ocTe

920° . g°'gL’
220° 9%
" 6¢0° - 8°8e .
920° . 0°8¢

06 9T

_.Hm A
26 6T

a1 sz
-¢9T - ¢f

A <

62 et
S Sse L

GT = ¢
86 92

06T ol
< GCT “GT

GHT G2

- &GT” A

0T ¢

LT LT
Gyl G2
T 8¢
hQT ,mo

- &e

1

| *dsey O

30, 0/

"S-
6

.N:

€L

0¢

xaq

*I1J10

o

e

4030
Zqns



O W

T,
*

A e

oo €9 g8 9L 690 ST . Sg2 69T GL
S R ° F I 6T G620° 2°0%. - epe .28 . 28.
N ‘mm,;,.: 6 |~ . 9T &GI0° "L°'%9 = Gfe Gel 28
el TS T go0° " 002l ;,,mm el L8
e 1L Tt . 100° gtqpT 6% 2fe 19,

N

LAV AV IAVIavS 4
S

a 3 , | wﬁ,.w.xﬁmw__, wr otwoen
o % e | 9 2 mHA_ _.mmm -«mpﬂ TTL 6y - -
o %.x‘ : . ,#N . 14 Qﬂxﬁ\wh,ﬁ ,‘\{#N. FA N ,u.ow;,;ﬁ O@ a - L - B

RN ._,wm. S -~ Gl0* - €°¢T - 62 62l . Gy ~ G& B |

¢¢ 9wz R_T 48 - o9& T oV

o Lo lee g L €h o 190° 0°6T LLT LG ...:m, .94 S D
o ¢m o Te -S| G0° ¢°ge ST 2 & 8y | }
Lol o ew gL | . gh | L° L@l 4T L2 - .05 oL
oy ew.oo 62 T ewm o 990 26T . 89T gn 0 0&  . 0L | .0 :
EEL 88T g -ee - 600° T"90T. lee  loT 0L 05 .. €V

gh 65 | 42 | 6go° L°TT S92 - ST L& - €9
o8 09 | - T2 -080° - G°2T - 00&- 0QRT @S 29 - | -
65§ 65 8T |- €HO® g°¢e 992 o1 1L | .mm_ T
v .85 29, .9 Tl0° - 0°)T  ~ 9T¢ 96T .= o0l 05 | |
o029 Tew | ee goo*  9°gel "¢eT  e§ ‘::, : ;hw /' g1

S taaE o cad@ o eqgep 93 3@l ‘dsoy  eqxg ..Em/ 3Ty | :pom.ﬂh\(..
- ATV ¥ mO\ﬁ;*, "30L g rdsey - cdsey  *30L - O/L 3TV axo0p| -aAnS

-
.

H Am :.._:@ﬂ;ﬁQPUWhDﬁm COH@NPHEHICOZ PC@GHEOQ Ewﬂm_Auﬂﬂ NHDQOQ@<f - 1. M. : ’




Lee T

98

N0 oW COQ@NM

6¢

O

%
. O

L eaag

_up_v mvuwwpsw v

o

A

9
€T

.

-

160°

- 0°IT . - o2l
- ¢00° 6°T¢C 14T
600" - 0°T0Z. ST
.. TO0* - g°gwT - T.

S om0t 2twll 9

C00°  ¢'1se ¢

 T¢o*  9'z¢ .02

- 200

200° - €°066 02
200° B°GyG 2
€00° 9 nﬁn,_. 82

.mno..._ﬁ.ﬁn_ ©oonT

gGo* LT . 24l

g0t Lz gt

L2 II0D

¥

-93ey - *3¥]
_wmmmm;

T00* .0°008T O

»

| - dsey
‘dsey "30%

¥ . K N

Amnoum cmpmsﬂpwm = *v;
uoﬂpdpﬂEchoz pcmcﬂsoa e

0T 6§

eaxg
0/1

9L - g9

A‘._.»w. 66
L Ll

4@ x7puUsddy

eaxg
- "TY

pﬁd
.uno\




¢ 99 L

. Appendix E: = - 4

‘;:AnalySiefof’Varianoe Tablesrl_j

 E1 'CC Model's Correct Alternation Performance -

E2  Model's Alternatiganrrors -

E> »?}’Modells Time—Out>Errors B
';*Eh_fﬁv %Experimentdl Response Rate | |

’§5¥%””.Pﬁiperimenta1 Total Responses B

E6 C.C'Experimental Percentage Correct of Total
ET Sg.t'Imitation Group Perc:ntage Correct of- Total _ ‘
EB_ : V"Non-Imitation Group Percentage Correct of Total co ?‘»
‘CE9'2'._HExperimenta1 Percentage Time-Out Errors }‘ 4%7
E10‘-‘ Imitation Group Percentage Time-Out Errors
”E11¥,:f E?n-Imitation Group Percentage Time-Out Errors::

! .

,E12g o Experimental Percentage Alternation Errors
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