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This thcaia presents a detailed study of a,
fundanontal thnornticul qucutionx I; contingency or
association betveon a conditioned atinulus and an incentive
stimulus (C5:IS) tha main basis of learning, or does a
contingency between the response and an incentive atimulus
(RéIS) also contribute something to learning? In the two
experimants conducted tolcgploro this question, I vas able
to come to certain’ conclusions not previously knov; or
explicitly statad. These are: \1) Auto-éhapinq ean'bc
achieved in th? rat vhen the CS,and the manipulandum are
the , same 5 imulus objéﬁtz (2) Probability of response is
highly resiaéant éo omnission training while <£frequeacy of
response is drastically and immediately ’rnducud at the
introduction 65 the orission précedurt. (3) There is no

ditfaronco betueen the rasinctivo effects of CS:IS and

CS:R:IS oﬁntinqoncics on the temporal, distribution of

fnéponsa. (4) The uaual(grnat-r F:nquoncy of response’

producod by instrusental traininq than by autoshaping is
the manifestation of a different spatial aistribution of
responaoa.‘/ .

I wish to <thank Dr. Dalbir Bindra, the theasis
supervisor, tor /his onthusiaatic participation in the
plan%ing of the axporin.nts roportcd here, and for hia nost
helpful assistance in the propa:ntion of the thesis
linuscript. I would also ;ikc to ihank\nr. Aichael
Corballis for his aid in the statistical analysis qg the

results; Canil Bouchard and Richard Cloutier for lon§ hours
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ehcouragomant as I went about ny task. '
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° Peychology Ph.D. ‘Jacques Ll?oio

CONTRIBUTIONS OF STINULUS-INCENTIVE
AND RESPONSE-INCENTIVE CONTINGENCIRS TO

ACQUISITION AND NAINTENANCE OF RESPONSE

/
Two experimonts wero performed to compara the effects

’,‘ )1\
014

rgaponse—incentivé (CS:R:1S) contingency, and stimulus-no-

b N
stimulyus-incentive (CS:1S)  contingency, stimulua-

reaponse-incantive (CS:R:IS) contingency on the acquisition
and maintenance of an instrumental approach response by

rats, Results from the first experiment showed that (1) _

tho CS5:1S contingency and the CS:R:IS continqg9zf/did not
! produce different temporal distribution of responses, (2)
the CS:R:IS contingency produced higher rates of reaponses

than the CS:IS contingency, {3) the CS:R:IS contingency diad

P

e
responses, Results from 'the second experiment showed that
. o / //- .

the csififﬁ,,ggg&iaagasxaiag,x,/ —produce higher rates of

responsea but _cather a diitorunt spatial distribution of

_ e i;sponsqs; responses were Rmore. centered on the CS panels

not produce complate - axtinction of already established ]

thamythf/rESponsJS‘ptoducod by the CS:IS contingency. . It

is concluded that (1) .the response-reinforcement principle
is not necessary to aiﬁlain,thu observed differences in the '
conanuonén§ of the ¢CS}IS‘igq‘qszn:tsoconting.ncinl. and
(2) the contribution that-the R:IS conting{ncy nakes to

. respon\s; rate depends on an increase in the incentive nlup ' .

6f the CS and not on "response-reinforcement™.
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. , k CONTRIBUTIONS DES CONT INGENCES .
/ v - ..
\\ ST;‘ULUS-INCENTIF ET_RBPONSR‘;NCENTIF A
L . LYACQUISITION XT AU MAINTIEN DE LA REPONSE . /
- ) ! /
e ,Daux expériences - ont &té effectules dans le but de /
N ' . - . )
“ conparer leas effets  dos contingences stimulus-incentif /

/
/

(SC:SXI), stimulus réponss-incentif (SC:R:SI) et atilﬁlun-
abaonca-da-r&pcnse-incantif (SC K-sz) sur l'acquiaition et
le maintien a'une réponse 1nstrunnntn1n chez das rats. ' Les
résultats de la prenidre axpérience ont ddmontrd® que (1) }a
distribution temporelle des réponses produites par la -
cdﬁtingence SC:SI @tait saemblable A celle produite par ia
cqgtihgance SC:R:SI, (2) la contingence SC:ﬁéSI a produit

| un taux de réponses plus Slevé que 1a;/fgf§§gg:£2!,rsc _

//,,//"’//'(3) la cont1ngaqggﬁ/§gﬁlb5§ffufi“§i§ produit lt'extinction

onpldte des réponases A&7j2 nppriaoa. Les résultats de la

seconde explrience ont d8nontrd que la continq;ncd SCsR:SI

ne produit pas un taux de réponse plua 8levé mais a plutdt
l'ogfet de changer la distribution apntia{!lggé ;tponsoa;
les f&pona'a sont alors plus centrdes sur >i., sé gque les
réponses produit;s par la contingence SC:SI. c.Q r&sultat;
pernsttent de conclure (1) hu'll n‘est pas nlcessaire /
d 1nvoquo: le principe 4du renforcement de la réponse pour
axpliquor lus différences obgorv&i: dunl aux conshguences
e la contingence SC:SI et de la continqoncc SC:R:SI et (2) ,
' é:ué da contribution de la contin;qong:o R:SI au taux de la
\ réponse dépend d'une augmentation de la valeur incentive du

sc, ﬁ N |
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INTRODU TION )

Reinforcement, the p:oéc&uro of Lubjoctinq an aninal
to @n appetitivoﬂor aversive incentive stiamulus (IS) iu a
certain gituation. usually has a nmarked effect on the
subsaquent behavior of the anisal in thdt situdtion. The
partifula: behavioral nodification ptbduc.d _ by
:gintorcenant may be §ttr1buted to the continqehcy Sutuccn
the presentation of the ihcantivo‘stinulua and-either wvhat
the animal is doing at the tine 6: vhat the animal is
observing at the time, ' Correspondingly, soms workers

(0€<Ge, Hull.‘19n3; Skinner, ;938) have interpreted learned

‘bahavior nodifications in teras of response-incentive

contingoncias)(R:IS), while others (e.g., aindrﬁ. 1974
Nowrer, 1960; Pavlov, 1927) have regarded the contingonqias
betuaun'so-a criticfl or cbhditionad stimuli (CS) anq the
incentive stimulus (CS:IS). The former idea is frequently
called the response-rainforcement principle, and the latter

the incentive-motivational principle. Still others (e.g.,

Bolles, 1972; Estes, 1?72; Nowrer, 1947; Rescorla &

"solomon, 1967; Spence, 1960) have thought it necessary to

invoke both the principles, that is both R:IS and CS:IS

contingencies, for adequately explaining the phenomena of

N
learning.: <

N
’ Since the Dbeginning of this century the response-
raiptorconcnt principle has renalﬁtd the wnoat doainant idea
in discussions of 1earnin§ " Until recently, many vorkers

in the field of learning seemed to accept, explicitly or

iéplicitly. the iAaunption §hat response reinforcement is a \

f

.
,
b x&w&m«,.r—n~h.
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‘:, necessary and sufficient comdition for %Qn:ningm
Curiously, this iQaulptiop conyinuod to be staunchly held
throughout‘tho n}&-contury despite the many reports of
l;tent "learning and sensory-preconditioning, vhich
denonstrate learning vithout toaponro :ointbrcgnont, as
voll ds several repérta of 8 spontaneous - roapohto
substitution. and learning vithout responding, which .-
damonstrate learning without the occurrence of the response
that finally onerges fspn the truining procedure (for a
reviaew, 304 Kimble, 1961). - .

Racon@iy. hovwaver, .the t‘aéonaa-rointorcﬁléht
principle has been ‘called intoi question by / several
invnstigktors vhose own experimental work was carried out
vithin the broad assuaptions of this ptinc}ple. ' Tvo
points have baen raised. One is that the response-
reinforcement principle dors not seem to be adegquate ﬁbr~\

explaining many types of bohavior nodifications that occur

during training.. with ccrtuln ’02p11c1t \ response- \

reiafoggtacnt \contingencins\ Bralahd gnd Brclang (19&1)

reported that somatimes, in the course of instrumental

training, responses that were f{m:t reinforced occurred
repeatedly and responses that were shaped or saintained by

N ro}ntorconont failed or ceased to occur. rot‘;taaplo.

pigs starved to death by preferring the niﬁipulnndun that
~delivered tho\food‘to the food itself. PFalk (1971), Segal
(1972) ,- and Staddon ana siniclhaq (1971) reported that
‘%’ certain persisting irrelevant responses could be acguired

-and maintained duriag the 1ntcr-rn?nforc--.nt‘ interval of

1

-2 \
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an instrumental training achcdu}u. at the very loluﬁt vhen
probability of reinforceasent was at ité lovest, Anon§
these phenomena, called adjunctivo bnhuviora (Falk, 197%)

orhindncod‘op-ranta (Segal, 1972). are pplydiptiu (Falk,

_1969), air-drinking (Mendalson & Chillag, wm pica
-(Villareal, 1967), and wheel running (Segal, 1969). These

phenomena and thair iaplications have been rﬁvlafod by
<

segal (1972).. At the -1niuu;. tholo findings aqueut that

some additjonal principle is roguirid to supplol.nt the

:esponse-re*nforconcnt “principle; 1n other uords. the

response reinforcement principle may not be a sufficient

conditién for ‘several types of learned Dbehavior

mnodifications.

1

The second ° point nriécs frow the ' findings that

specific and stable responses, which are "operants™ or

“instrumental®™ vresponses in the sense that they are

“enitted"™ andLara not unconditioned “eliciteld® risponsps.

. .
. may be shaped in the absence of any explicit reaponse-

incentive (R:IS) caitingcncy.\\ “ Por example, the mere

exposure of an animal to a conditioned stimulus-incentive

ati?ulus‘,contingengy (Cs:IS), ' as in thn. claasical
conditioning procedure, is, sufticiont to inztinto and

waintain oporant pecking in thc absence’ of an explicit

positive R:IS contingcncy garovn & Jenkins, 1968; Zener,

\
o

N
contingency (Williams. & Williaas, 1969). These fiudings

1931\. “or even in the prcs.nco of ‘a negative RIS
indicato that, at least under certain conditions, the CS:IS

contingency alone wmay bo\sJﬁticitnt for the emergence and

YT
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mnaihtenance of ;ov rospoﬁson: in other vorda.,tho response
éeigforcongag may not be a necessary condition for certain
instances of learned behavior loditicatidn. '
The general’ * question 'raisod by the type of
experimental rogul%; described above is this: What are thq’
contributions " of CE:I§/ and k:rs contingencies to the
development of stable responses in different types of
training procedures? Here we examine this question in the
1ight of available findings and theoretical ideas.
\ / &
Xbe_Rlan - '
our plan here is to classify training procedures in
terss of the possible involvement of R:IS and CS:IS
contingencies, and then to examine the critical evidencs Pl
bearing on the contributians of the tvo contiJZEEcies in
producing tha:eraining outcones og somne of the more common )
proé:durgs.- The classification BChOIé [§s presented in
Table 1. For convan%enco ve deal with procedures

~

involving apgetitivéaincentive stinuli only.

Each ceall in Table 1 refers to a class of training

- \
paradigas, definep by:kheuarrangenenl of a certaI;\\E§?3§\‘-\\\\\\

contingency (columns) and a certain R:IS contingency

—
]

(zows) . Eiéher or both of the contingencies =nay be
positive (CS:I# or R:IS), 4indicating an increase in the
probability of reiq;orceuont ﬁboveﬂ the prevailing
(background) probqhilitfi of- ‘roinforco-onq\,(1ncentiva
stisulation) before CS or B. " gither or both of the
contingencies may be negative (éﬁ:is or R:IS), indicctinq a

* -‘-
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Table 1
CIallsif:lcntion of some Appetitive Training Procedures According to the
Stithns-lncentive and Response~Incentive Contingencies. (See note below.)
’ CS:IS CONTINGENCY -7
, POSITIVE UNSPECIFIED 'J,\ NEGATIVE
‘ B |1. c8:18 and :18 2. CS:IS? and R:IS - 3. TS:IS end R:18 -
v;n E Instrumental trafning (a) Simple instrumental Instrumental training with
§ with signaled reward. training ("Shaping™) with signaléd pemalty. .
- (b) Superstition Procedure 1I
5 - (Morse & Skinner, 1958). .
g g 4. C8:1S and R:18?7 5. C8:187 and R:IS? 6. B:I§ and R:IS™ - -
B |S5]| autoshaping (a) Superstition Procedure 1 Conditioned Inhibition .
8B (Brown & Jenkins, 1968). (Skinner, 1948) (Rescorla,-1969). g
) - o 5 (b) Rsndom control -
. ] (Rescorla, 1967).
ot
7. C8:1S and X:18 8. €S:157 and X:1IS 9. TS:13 asd X:18 o
g (a) Negative zuto- _Response-penalty training. ~ (a) Intertrisl Interval
- 3] maintenance ; : (b) Extinction.
s (Williams, 1969) ~
] (b) Omission —
(Sheffield, 1965). —
,ote: I8 1is assdmed to be an appetitive incéntive stimulus. CS:IS orAl:Is means a
' increase in the probability of IS Efnesentatfou above the prévailing background probabil-
ity of 1S presentation. :1% or X:18 means a decrease in the probabllity of IS presen-
tation below the prevailing background probability of IS presentation. CS8:1I87 or R:187 -
means that the change in the prjob‘-billty of IS presentation is unspecified. See text, L -
for further explanmatiom. , Co . )
4
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decreade in the probability of tcintorcol;nt below the

prevailing probability before CS or R. *And either or both
of the contingencies ady be unspecified (CS:187?),

1ndicgting either no <change in the 'probability of

!

reinforcement (null contingency) or the oparation of sonme
unintended, adventitious contingency. h

A'couple of exknples would help to clarify the table.
"Consider Cell 2, vhere the ass%’ed contingencies are
CS:IS? and R:IS. This contingency constellation describes
tvo known procedures: (a) shaping by trainer, and 1b)
supersti@ion tgaining, type II: In shaping 5} trainer,

there is no specified CS and thus cified CS:IS

contingency but there is ‘a specif Jsponse and a
specified positive R:IS contingency.~” In \supetstition

training,u type II, there is a specified stimulus, but no

specified CS:IS contingency, and there is a snecificd‘
- @

AN

response and a specified positive R:IS contingency (uorsaﬁg\

Skinner, 1958). Puoxt consider c’ll 5, where both
-contingencies are unspecified. - This contingency
constellation describes (a) superstition, typ‘ I, and (b) a
taﬁdon prOceEhre. In\superstition'ftaining. type I, there

is/no specified CS and thus no specified CS:IS contingency,

and there is n¢ specified resgonsé and thus no specifidaﬁ-’

R:IS contingency (Skinner, 1948). " In the randonm
procedure, there is a specified stimulus, but no specified
mCS:Is contingency, and since there is no spedified response

there is no specified R:IS contingency (Rescorla, 1967).
¥ N ‘ ‘ 3
AN , -

-
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. Of the several training ‘gu:udiqu represented in

Table 1, ve have selected four for detailed examination in
" order to assess the relative contributions of CS:IS and
R;Ig in the type of modifications of behavior ~produced in
/ . these procedures. The four paradigms are: "“autoshaping"
(Cell 4), "omission" (Cell 7), "“superstition® (Cell 5) and
"wshaping®  (Cell 2); the last two will be discussed
together. The current wvork with these procedures offers
the most direct evidence on the question of the relative
contributions of CS:IS and R:IS contingenciss to learned
modifications of behavior. . d\ 1
\ ‘ Ih!.&&&&ithilﬁ.ﬁkﬂﬁ!ﬂn;! /

- In the autoshaping ' procedure, th{?‘ is a positive-
CS:IS contingency and an unspecified R:IS contingency (see
Table ). The probability of IS is increased (foy»a brief
piriod) following the presentaiion of the con&itioqod
stinulﬁs (CS) \and' Is /is presented without écgard to the
behnvio;~o£ the animal. This seans that the \presentaﬁiona
of IS is stimulus-contingent and supposedly response-

# indobendcnt. ° As in discrimination training, a response
given during the presentation of the positive
discrilinaéive stimulus, is followed (with or without \u

[ .‘dnlay) ‘hy the present;tion of the IS, but unlike "

] ‘giscrilination training, the/absence of the same response

nny also be followed by the presentation of the IS. | Since

Is is not contingent on any response, ho resp;nso is

. spacified afzd the investigator ay s;lpl\y ?bsorve vhat, if

any consistent :espdﬁses energe with this type of training.
\




* IS pairing was 45 and all 36 subjects emitted :ﬁﬁ;ir»i?irdg

|

+

Bagic rindings

Brovn and Jenkins (1968) observed that non-rcstraintﬁ

‘i

hungry pigeons developed the response of approaching and

e

\

pecking an intermittently presentead iey-light (CS) which ' ﬁ
had been consistently followed by access to grain. Their ]

most sucgessful procedure was the forwvard pairing (light-
food) of a relativelyishort light presentation (3 sec. or 8 o
sec.) against a pgckground (intortria}) of no light or of a
light of a. diff&rent color. The least " succossful\'
proceJures vere \g' backward pairing of 1light and food, '
present§tion of the light only, or presinco of a constantly
illuminated 1ight, and a forward pairing of a light that
was turned off during a trial agaianst a background of
111ulin&ted light. ‘ In" all bat ono'oxpOtildnt..a peck
during the CS period tetn%gated thé ZS and. opcratdd the

food tray. 'The main interest of these experiaents was on

the time required (in terms of the number of trials) for

"autoshaping"--the emergence of the first response--before
. .

that response could be influenced by any accidental R:IS ‘

pairing. The mean trial of the first peck for forwvard CS-

-

s

peck within 119 trialsy With backward CS-I;féairinq, only\‘“/
2 of the 12 subjects emitted théir first péck within 160
trials (at ruspectively the 50th and S57th @Fial). In one
of their procedures, vhere key-pecks had no éﬁfects either
on the CS duratipn or on the time of fooad delivery (fixed-
trial condition),\respond;ng throughout the 8-sec. t£¥a1
vas reaéily acquired b; all 12 pigeons ™and naintainad&at o

-~ 1
# | P l
!
|
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high :ai.s {n 5 of thn. Thus Brown }nh * Jenkins
demonstrated both autoshaéiaq and saintenance of high rate
of response in the absence of any explicit RIS
contingency.

In order to show ;that the dlergenca and'rapeatod
pnrfornanco of a rosponso in the autoshaping pr;cadnre is
hependent on CS:IS contingency, it is necessary to havJ a

( control group in which CS and IS are presented but not in
the forwvard pairing. The absenge of autoshaping in the
case of backward pairing (Brown & Jenkins, 1968) shows that
CS:IS contingency coqttibuted to autoshaping:in the forward
pairing conditions. A more general cont:olf procedure 19 f
that of ehploying a "truly random group,® 'in which the CS
and IS are presented indepen%ﬁly (Rescorla, 1967). With
such appropriateﬁyéoutrols, reliable autoshaping has been
demonstrated in several species. These include pigeons
(Williams & Williams, 1969), rats (Peterson, Ackil,
Frommer, & Hearst, 1972; Myer & Hull, 1974; Stiers §&
Silberberg, 197ui, chicks (Huésernan, 1973bi. and squirrel

". monkeys (Gamzu & Schwam, 1974). Other c¢laias of
=

autoshaping but that 1lack the proper control procedures
include dogs (Smith & Saith, 1971), rats (Powell, Saunders,.

& Thoapson, 1968; Hardy, Hochstetter, & Parker, 1974),

::Dbohuhite gquails (Gardner, 1969), rhesus monkeys (Sidman &

the outcomes of an autoshaping procedure will be, it is

Pletcher, 1968), fish (Sguier, 1969) and children (Zeiler;

1972). L : ’ .

=

Before considering the conditions that determine wvhat -
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important to draw attention to one feature of this

procedure. What is called the "conditioned stimulus® in
. 1
-

&

" the autosﬂaping procedure (e.g., the keéy-light in ‘the Brown

& Jenkins' experiment), serves not only as the conditioned

-

or positive discrininativa stinulus (CS or §P) vhich

signals food, but also as the manipulandum in relation to

vhich. the response is performed and measured. Thus, the"

same 1oéat1?n in the training situation provid s the

training stimulus complex which serves as the CS or‘SD, and

///

” contributes to the approach and pecking response. This '

. /
identity or proxiamity of the locations of CS and ES appears

. 5 1
to be an important condition for successful autoshapinge.

In the usual msammalian training situation, the CS (or éD)

and the BS (or l&nipulandumy are separated temporally or’

spatially, or both. In the training situation usually

' employed with birds, however, the locations of CS and ES

are the sanme. It is no surprise then that the phenoaenon

of autoshaping was first clearly demonstrated in birds, and
» .

for some tinme it was doubted that it cduld be demonstrated

in rats and other mammals. :

uie

The condition th;t determine .the efficaéy of the
autoshaping procedure ‘are related mainly to the salience of
the Cs, th:%'is, its spatial and telpoqal discrininaﬁility,
and to the salience of the CS:IS relation.

Brown and Jenklns (1968) found that lengths of key-

" 1light of 3-sec. and,a—sec. conditions did not differ in the

-10-
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the eliciting stimulus co-plex/ (ES) wvwhich elicits or




production of the firat peck. / Ricecli (1973) used

Co . \
‘conditioned stimuli that were 30 and 120 sec. long:; these

stimuli were simple or divided into four equal components

. of different colors. Birds began to peck significantly

|
s
%

1

1

[

sooner on the 30-sec.\ stinuius than on tha 120-secs
stimulus. There vas also a tcndency to peck sooner in the
four-component stimulus under both CS-duration condiﬁio?s.
However, there was no significant ditf,tnnco in the " aean
rates . of pecking after 15 sessions bof&oon groups given
ttials\vith,ditforent CS durations. ’
Terrace, Gibbon, Farrel and Baldock (in press) varied
.the average intertrial interval between 5 sec. and 800 sec.
and found a correlation /coafficicnt of ~.97 botlcen the
value of the log of aean Lnter-stilulug interval and the

log of wmedian nuaber of trials before the first pecking

response. g . 5 ‘
k)

v

There |is thﬁs‘ a tendency for the emaergence of 'the

B .
pecking response to be facilitated by shorter conditioned

stimuli and 1longer intertrial intervals. Both these

conditions increase the temporal salience of the

conditioned stimulus. | '

/ 7 The spatial salience of the C5 is also an importanmt
factor in the determination of the response; when \the
stimulus that signals‘ the incentive stimulus stands out

from the backgrouad

v
develops,quite readily. -For example, if the houselight of

the expéri-ental chaaber is turned off, the illuaination of

the key-light =g bread ?n the dark chaasber, thereby

-11-
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1ncrcdsiﬂg "the visual asfiimuli that are upositivul} .

correlated with incentive, Wassernan (1373;) has shown,

in such a situation, that the pigeon does not acquire the

key-light response or does not maintain it b&t rather
displays different sorts _of 's§po€titious" responses or
movements directed toward a varizty of features of the
experimental chamber. Aacitcunscrihod stimulus with sharp
contours--a clear figure on the background--makes an
effective CS. in autoshaping. ’

Is éhe sensory nodality to which the CS belongs an
important variable? In an experiment reported by Hearst

and Jenkins (1974), JenkinsJuaed as a CS a white noise that

cane randoaly from one o two loudspoakeﬁs. each one

located behind a constantly illuminated EQSponse panel.
Jenkins found:  that pigeons moved toward ~the sounding
speaker in the ;;toshaping condition on -a significant
auabers of trialﬁ but not in the random control condition.

Rovever, the percentage of trials on vhich pecking

t responses occurred in the autoshaping condition was auch

=

lover and more variable than with a visual CS (Browvn &

-

Jenkins, 1??8). Hearst and Jenkins suggest that auditory
signals afz—iass éfficieht than visual signais in eliciting
approach and contact responées: ®possibly, theibannd acted
as a signal for when to approach the visually saiient keys
but the,approach was to the key, not to the sound source
itgself." (Hearst & Jenkins, 1974, p. 9). Since a sound,

even vhen it comes from a ' localized source, spreads and

envelops the animal (like the diffused 1light in the

4
-y
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experiment described above), the lesser efficacy of a souna-

say reflect not a wmodality ditf.rqnco but one of

That such S properties can be acquired by a sound
has been shown by Schwartz (1973). He used a tona that was
spatially separated from the-illuminated response key and

got responding on. the key, but after a very special

squenc; of training. He trained pigeons on a rnsponsc-'

iﬁdspend;ntﬁnultipla schedule where a VI component was

announced by a green key and an extinction (!it) coaponent
/

" announced by a red key. Pigeons came to peck the green

key during the VI component and not to péciitho red key

during the.BXT component. Iﬁon. in a second condition, the

EIT coaponent vas announced by a green key, like the VI -

conponeﬂi. All pigeons stbpped pockihq. In a third
condition, a tone was added to the VI component (TONE and
GRREN) with tﬁe hope that it could acquire a signal value.

It 4id not; pecking w not resumed. The first condition

wvas then repeated (GREEN VI, RE ., and pecking resumed.

In the next condi;ion, the tone was added again to the
green component, but this timwe the EXT component—stayed
red. Pecking persisted. 'Then. as in the thira
q;;dition. the tone was the only signal for food, bogﬂ
coaponents being green; this time, pecking was not
suppressed. Apparen}ly the tone had become an SD. ﬂ‘Thus,

3

once responding had been saintained in the presence of the

"tone, it could subsequently be generated by the tone.  But

the 1nit1al emergence of the response was not possible with

' =13~
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sputiaily separated 'gone-§ou;co and response key.
-Schwartz also observed thati~9uch time the tone vas
presented in a new procedure, all pﬁgoons oriented - toward
the tone, but that behavior faded after the first few
sessions. These findings are consistent with the 1idea
that the onotgencg of responding in relat109 to an iudltoty
stimulus is deterﬁined by signal salience, as deterained by
its locapion-Specificity. /

\ "Apart from the signal-salience of the CS, the precise
Cs: Is contingqucy is also an important deterainer of the
.tficacy of an autoshaping procedure. Gamzu and Williaas

(1971) have shown that the mere teaporal association ' (or

simple contiguity) between the stimulus and the incentive

| =
is 'not sufficient to develop responding. What seeams to be

essential 1is a contrast between the stimulus that signals

incéﬁtive and some stimulus or stiaulus coamplex that
!

signals the nonpresentation of incentive. }

) N
Instead of using the CS to signal the precise time of

presentation of the incentive as- did Brown and Jenkins
(1968), acalzu and Williams (1971) made the presentation of
the reinforcer équally probable at each second of the CS

duration (illumination of disk) . The duration of CS was

8.6 seconds; and successive cs’presentations vere separated

by a aean intertrial interval of 30 seconds. The

probability of incentive (grain) pngseﬁtntion vas .03 at

each second of CS duration, which IG?AS an average of once
every 33\secondsg An average of 13 reinforceaents wvas

given during the 50 daiiy trials. The four pigeons used
H

\
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as subjects began to peck attor a fev sessions and\

saintained or increased rosponﬁtng in the 'suhsaquent
sessions. However, when Gamzu ano Hillians presentad the
incentive at’/ the saae probability duri@q the intertrial
interval as during the illumination of the key, all pigeons
soon stopped packing during the illumination of the koy]

There vwas also no pecking during the intertrial interval.

_ﬁhon the prior differential condition. was reinstated after

15 non-differential sessions, pecking rapidly recoveged its
1

previous levels. Another group of naive birds exposed to

14 daily sessions of non-differential condition’ failed to

\ -
develop key-pecking. These results clearly contradict any
stateasent that the probability ‘of response is solely
determined by the respoas -raiﬁforcer contingency. It

this vere the case, then responding on the illuainated

panel should have persist d during the non-differential

condition, when the only |procedural change vas the
presentation of grain daring the intertrial interval.
Clearly, the coantiguou presentation of the stimulus

(key-light) and, the reinforcer vas not sufficient to

AN
b

develop _or maintain peckingion the key-light. The CS:IS

relation, to be effective, must be anttasted against a no-

CS no-incentive (§3:f§) background, In other words, the

probability of presentation of (the incentive must be higoer-

in the presence of the.CS than during its iosence to obtain

responding on that stimulus. For Gaazu and iillia-é, it

fa

is the '1nforlational propertiss of the stimulus, rather
/

than its n=mere associatxon with foodiug, that are

© -1s- . F

.
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o \ responsible....for acquisition or sustained maintenance of .
bghavior" (Gamzu & Willianms, 3971,‘p. 925). The Gaazu and/
Hillia‘: (1971) procedure is similar to a two-component
multiple schedule éf response-independent reinforcesent.
The first component,» of a fixed dugation, was associaESEth///;///

wvith an illuminated key, and the _secon ——cosponent, of a
‘griagle»’dufifiagj#ﬁ;ggjtg;sociated with the absance of

— 3 illumination of the same 1light. The differential

o condition in the above described experiment of Gamzu and " | )
" -~ wWilliams would be then a NULT VT 33, 'EXT  and- the n/
" differential cOnditiéh a MULT "?T133. VT 33. d;;; and o
. SChvarkz (1973) used a " more regg;gn//fﬁiglgz;//:;hedul&,

l\ vhare both coaponents were ot équal duf;;igg and ;ssocia;ed )
vith a light of a different color. © In -the differentigl ] -
procedure, the tvotconponents vere ofaa differgnt schedule
(VT 33, EXT or VT 33, VT 100) and in the non—d%ffefential
pfbcedu;e. the tvo componéents wvere identicalﬂ(VT‘;3. V§’33
or VT 100). r“,'rhey found that responding vas” increased or
laintalnqa\ 6$1y in the differential procedures, and that o‘?!‘»

%/) ratas of ﬁ@&king .mere u§ually higher durxng the coaponent |
of the color associated with a higher density of :
reinforcement. - In the nou-differential ;roce@ures, uperel
reinforcesent frequech was doubled. rates of respodse in ; »
both conponents decreased slovly over saﬁsions' thgre was
little differbnce in rates between componsnts in the last

: tg}ee session; ot the non-differential conditions.

@ : There is a notewvorthy difference between some 07 the / s T
results obtainad in the Gaszu and Schvartd €1973)

.
f ~
~ s
. ®
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3}6§tilent and the ones obtained by Gamzu and Williaas

/}F?///////(1971)s - Gamzu and HilLians'tepofted nearly no responding/
- in either component during the non-differential condition.

In the Gamzu and Schwartz experiment, the non-differential,

[ ' . .
procedure did reduce responding in both components but did

»

not suppress it ovgg/2uldaily sessions. Aj Gamzu and

neralization

S
///////////gill%ai§/’p:oposed, there may be a stimulus g
factor: using two lights of a dxfferent color mnay be less

©

of a contrast than using the zlluninktzon and the non-

~iilunination of the same light as did Gamzu and .Williaas

(1971). It is also possible that a multiple schadn{e“

. whare the high.value component is of a short and fixed
length (that is, ﬁore salient), and the other Sonponent is
\lqﬁger and variable (as in Gamzu - 6 Williaas, -1971) will
produce wmore Eon£ta§t than a multiple schedule vith tvo

long and identical conponenQ (Gamzu & Schugftz, 1973),
The above evidence <clearly indicates §t§§t, for

autoshaping to occur, there must be differential training,

a- contrast between the enviroanmental stimulus conditions/

present when an incentive stimulus is Pvail&ble at a

certain r probability ' .and the ’environlghtaf stimulus

conditions present wheg the incentive stimulus is available

. at nﬂlqveﬁ probability. The ﬁifferentia; tr&ipinq is made
easier vhen the difference b?tweei the two stimulus

conditions is made salient.
Eora_of the Response
Actording to HNoore (1973), as vwell as Haaréf/ind

a P

Jenkins (1974) , the forn of the response in the autoshaping

e (‘l
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procedure is detérmined 1largely by the nature ' of the
unconditioned incentI:e stimulus. Jenkins and Hé%e (1973)

o

studigd the form of the pecking response to an illuminated
key-1ight that preceded the presentation of food or va;;r.

The - results “shéwed (1) tﬂ:t the form of the response in
vater-deprived pigeon; on a kef—light preceding ‘'wvater
presentation was siamilar to %he consuamatory drinking
response, and (2) that the form of the response in good-
depr}ved pigeons on a key—-light précediﬁq food presentation
vas similar to the consummatory eating response (Jenkins §&
Moore,” 1973, Experiments 1 a:d 11). .In fﬁeir most
relevant e;perénents (J;nkins & Moore, 1973, Experiments ;V
and - V), pigeons were deprived of both food\and water to
control the possible effects of dgprivation on the form of
the response and vgré cohcurreqtlyetfained on two different

v

key-lights (in color, form, and location). One stimulus
was paired with ‘uaéer and 1he other stimulus was paired
with food. Trials with each stimulus were mixed in randoa
orde%. Again most key-responses vwere of appropriate
conséinatory form: food CS's were "eaten™ and water CsS's

were "drunk."

Rackham (1971;cited by Hearst and Jenkins, 1974)

y

exposed male pigeons for 100 daily sessions, each:

consisting\ﬂf one presenfation of a key-light that preceded
L
accessibility to a feamale pigeon, by the temoval of a

partition for 30 minutes. Accessibiliéy to the female

o

.elicited courtship and mating behawvior in the male. After

a fewv pairings the male pigeons began to exhibit courtship

?
¢
]
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behavior in the presencé of the CS and directed this

. behavior to the CsS. These results show that\hutoshapad

v

responses can take the form of the unconditioned response
to the incentive. Howiv?r, this.}s not necessarily the
:case. f&
/ Ié a cool chamber, Wasseraan (1973b) exposed thg%e-
day -“0l1d chicks to paifings of a key-light with a béief
period of heayostinulation from an overhead infraied lamp.
Heat as an incentive stimulus has the advantage of not
being ﬁrecisely localized and of eliciting behavior such as
immobility, wing eitension; ‘dnd twittering, which are

\

incompatible with pecking. Nonetheless, chicks in a
regular forward pairing condition began to peck at the key
after a median of 8 trials and pecked at least once on
about fOS of the trials. A ,randOI condition group, in
vhich occurrence of €S and IS-wete scheduled independently
of egch othéi, did not peck very auch (fi;st peck ' after a
median of 33 trials). Also, chicks shifted from the
‘random condition to the paired condition showed an increase
in ﬁéckiﬂg ‘at the illuminated key-lighé, vhereas chicks
shié;ed frona the\paired to the ran?o- condition showed a
decrease in pecking. The‘hdtk?r deﬁé?ibed\the/pecks as
beihg genera;ly for;efully directed at the key. An
interesting finding was that the response drifted ‘to a new

topography after a few seséionsz "Thg chicks approached

even closer to the key and pushed their beaks into it,

shaking their heads from side to side. Thr total pattern

of behavior can perhaps be described 'as “snnggiing"

- ‘ =19~
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o‘ . (Vasserman, 1973b, p. 877). This } shows that CS:IS

contingency is .sufficient to engender pecking, a response
tha£ is topographically different froe the usual response
to therlgl stimulation; also approach and contact with a
localizable incentive stimulus (heat lamp) is not necessary
for‘ the emergence of approach and contact to the

7

- conditioned stimulus.. It has been pointed out dthat
"snuggling™ is an uncbnd;;ionedlresponse of young chicks to
a wvarmth-giving mother hen (Ho;an, 1974) , but this fact v
does not detract fgg; Wasserman's demonstration that
approach and Ctontact responses, different from . the
responses that occurred when the heat lamp was turned on,
deve%oped in relation to the CS the absence of an R:IS -
contingency (Wagserman, 1973b) ¢ ,
Gamzu and Schwam (1974) found, in the “squiﬂrel
ronkey, an autoshaped response to an illuminated key-light
‘ that was \different in form from the consuamatory response
to food pellets. ’— According to Gamzu and Schvartz,
"initial key responseg were always made with éaln facing
down, and although the fingers were bent, the topography of
[ this respoanse was decidedly different from the hand
‘movements involveé in reachng for a pellet--scooping it up
with the bal-~turnipg upward and bringing it to the mouth. -~
Subsequently, some ofﬁthe lonzey§ pressed the key yith -
\ theirf noses." (Gamzu & Schwam 1974, p. 36#). The authors
subgesfed that the sourcefof the difference betweaen fhe

, ) |
form of the key response and the form of the consummatory \

s ~ response could be the higher variability of the létor. .

’

S
¢ -
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patterns used by the squirrel lonkaysfto ingest the food.
However, another experiment by the sa)e authors (Schuan s
Gamzu, Note 4) pointed out that the physical nature of the
C5- manipulandum may be an important factor in deteraining
similarity or dissimilarity between the :9s§onse to the CS
and the unconditioned response to IS. Schvartz and Gamzu
6btained' and autoshaped response similar to the "grasping
component of ctonsuamation" by replacing the key-light used
in <their former experiment (Gamzu & Schvam, 1974) by an
omnidirectional lever positioned in a reces; housing in the
vail. This could mean that the physical charadteristics
of the CS in relatlon to IS are important in ‘deteflininq
the form of the re;pénse. Species difference nay be
another factor contribut@ng to the difference betwaen the

Moore and Jenkins findings on one hand and the Gamzu and
Schvartz finding on the other. It may be that in birds,

/ 3

species-typical consummatory responses are auch wmore

{
closely tied to particular motivational states than is the

case in mammals, particularly in primates.

Bindra (1974) has offered a genetal account of the
determination of the form of the response in a training
situation. For Bindra, the instruneﬁtal (e.g., approach
and contact) and ghe transactional. (;.g.. consumaatory
pecking) . /conponents of th; autoshaped response are
deferiined by, ‘:espectively, the distal and contact

stimulus properties of the conditioned stimulus. According

to him, the animal vould approach the area of highest

]

’ - |
momentary appetit%vg incentive value (or least aversive

/ o . =21
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incentive value), so that in the autoshaping situation the
animal would move tovard and make contact with the distal
CS (light-key) when food is not available; the consummatory’
component is elicited by th? contact stiauli arising froma
contact,yitp the CS in the absence of the IS, and froa
coniact with the IS when it i; available. / Thus, tha
instrumental--approached-contact--component of the response
in relation to the C5 would be similar to the instrumental
component of the resp;nse in relation to the IS, as long as
the CS "is presented in the same situation and in roughly
the same spatial and thaporal relation to which the
uncondifioned stimulus is normally presented...." (Bipdra,
1574, p. 205). The transactionale-consu!latory——co‘ponent
of the respomnse in relitibn to the CS voulq be similar to
the, ;ransactional coaponent of the response in relation to
-the IS, to ﬁpe”/extent that ‘the CS‘JQQSﬁpbles the

7

unconditioned stimulus -in ph#éical characﬁerig}ics. ihus,
if the animal is able to make contact with the light, it
vould also display some consummatory acts that nay
reseamble, to some degree, those elicited by ;the contact
stimuli of food (acts'suc? as gnawing, lickingk biting),
but becaﬁse the lighé source iacks the stismulus features of
an edible objéct, the whole consummatory action would not
occur -until' food is presenLed." (Bindra, 1974, pp. 204-
205.) VWhether such an account would QEovar the variﬁns
tipgs of responses reported in autoshaping studies could bé\'
deteramined by varying the resemblance betwveen the sti;nlus

\
features of CS and IS. N

¢ -
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The abope |evidence from studies of autoshaping

) N |

suggest the following conclusions. (Y The CS:IS
contingency is a necessary condition for emergence and
maintenance ofkgg autoshaped response; this is shown by the
failure of the *"random® procedure in producing it. . (2)

There is no clear indication that the R:IS contingency is

necessary (or sufficient) for - _the acquisition. or -

maintenance of a{}autoshaped response. (3) The similarity
betveen the form of the autoshaped response and th; form of
the conéulnatory response can vary considatabiy; the degree
of similarity of the two'responses’seens to depend mpon the
spatiolte-poral arrangement of CS' and IS and wupon the
physicai resemblance between CS and IS.
Ihe _Omission Procedure

In the omission pfocedure. there is a positive 9§:f§
contingency and a negative R:IS ‘contingency (see Table 1);
the absence of a specifiéd response dnriqg/és praséntation
results in presentation of thg IS on thaf"trial ®:1S).
The tra;ning procedure =may be described as a comcurrent
schedule 'cs:1s and R:IS. First used in classical
condit;oning (Konorski, 1948; Patten §& ,h Rudy, '1967;
Shqffieid, 1965) for testing any possible role of the
response-incentive pairings in the acquisition- of
anticipatory conditioned responses, it has heg? racentli
revived to determined how far a negative response—incentive
contingenéy (R2IS) can interfere with the consequences of a

CS:IS contingency in an autoshaping situation (Gamzu &

Schvam, 1974; Williass & Williams, 1969).

Il
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- |
Patten and Rudy (1967) applied the oaission proceddre
r ,
to anticipatory licking responses in albino rats to test
the possibility that classically-conditioned 1licking:

responses are under control of an R:IS éontingepcy. On

the contrary, the. results showed that, in spite of the /

omission procedure, all subjects acquired the response and

maintained it at a high level.

A

i
Williams & Hilliams (1969) used the omission
\ 0 \

procedure (that they named negative auto-iaintenance) Ho

determine if the auto-shaped pecking.response of the pigeon

vas immune tb influence of any R:IS contingency. In one

of their experiments, 13 birds were, exposed to light-grain
pai;ig\ié;iihe pecking response -~-to the illuminated key
terminated the key-light and prevented the presentation of

grain. 'If there was =no response, the 1light remained

illuminated for 6 seconds and then grain wvas presented for .

4 seconds. Intertrial pecks had no effect. Most birds

developed and sustaiyed pecking over a thousand trials.

o

. /
Birds already trained on a \Positive response contingency

{(R:1IS) persisgéd iq ?eckiﬁé\vhen they vere shifted to the
@nission procedure. Other experiments with pigeons
iSchvartz, '1972; Schvartz & Williams, 1972a, 1972b;
Wasserman, 1973b) have confﬁrned and extended the resul}s

r

of Williams & W®illiams (1969). The level of responding

!

under the omission procedure generally tends to be 1lower
than that uander the autoshaping procedure, but a good level

of responding is nevertheless maintained. This indicates

/
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éhat thé CS:IS contingency.can override the effects of an
R:1s contingenéy, but that the latter has some deleterious
effect on performance. ‘ ' . )

wasserman (1973b) found tha three-day old chicks
exposed to light-heat pairings in a cool ?hayber acguire%
and 'maintained the. pecking  response on an illuminated
light-key even if these pecks prevented the heat-laamp
presentation at the termination of the 8-sec. illumination.
The chicks responded on from 25% to 55% of the trials.
This finding is noteworthy b?fause there was no topographic

o

similarity betwveen the pecking response and the response
\
‘ , \

A ~

evoked by the peat stimulus.
The above findings do not support the ;dea that thex
llaintainance of responding in an autoshaping procedure is
attributable to any respo#se-incentiva (R:1S), contingency
because the primary effect of tﬁe\Olission procedure used
vas t; destroy any positive response-incentive (R:IS)
contingency that may othervise have adventitiously operated
in the autoshaping procedure. I# has‘been arqued that
responding under the omission procedure vas maintained by

some "hidden" secondary réinforeer (Herrnstein § Loveland,

1973; Hursh, Navarick, & Pantino, 1974), such as the CS

offset which could become an S° for the impending

reinforceneqt on tr;yls without a response. This could
not have happened iqil%lliams and Williams® (1969) omission
procedure, because gh‘the occasions that the CS offset was
producad by the response there wvas nqﬂreinforcelent.

Further, Schwartz (1972) /found that, even when he made the

NN
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o ’ Cs offset contiguous to the US offset and sade the length N
of the CS unaffected by tesponging (fixgd-ttiallproceduré).
pigeons vwere successful in /developinq and flgintaining
| pecking at ievels‘si-ilar to those reported by Williams and /
: - ‘ Williams (1969). The fixed-trial procedure vas also used
f ’_vith‘success in onission’lraining by Wasserman (1973) and
Schwartz and Williams (1972a). ' These résults/leave little
doubt that tpe‘ stimulus-incentive contingency (CS:1S),

responsible for the initial emergence of the response

(Brown & Jenkins, 1968), has also an inportan:.tole in the
éersistenqe of (btasponding. Negative response
contingencies (R:IS) fail to eradicate responding of an /
autoshaped response, at least in bifds. This cannot yet §
be geng;alized outside of avian species, for there is at
"least one report of an autoshaped response in the sguirrel

monkey that did not persist under the omission prgcedure

{(Gamzu & Schwam, 1974). ‘The authors suggested that this /?

failure to get persistent responding was caused by  the

‘ . . o f -
diésinilarity in topography between the key response and

the grasping response leading to ingestion. However, even ) s

after having successfully designed a l&nipnlandni {(a
omnidirectional lever in a recess housing in the wall) th;z
.-“forced  topographic similarity between the au£oshapad
\ response to the manipulandum and the grasping component of
the consummatory response, Schivanm and Gaazu (in
preparation) did not obtain persistence of the autoshaped

‘ ., response under oaission training. However, in both those

experiments, the approach conponén; of the auto7haped

i
!
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response (orientation and contact) was maintained-under the

omigsion procedntb; N\ , e

Wﬂs&suﬁ.ﬁwmimu

Is the relative ilpote?ce of the negative response-

incentive contingency (R:IS) to eradicate an autoshaped
response, of some of its ‘éoiponents, due to an
insensitivity ,of the animal to a negative response
contingency? ' The ansver appears to be no, pecause the
‘pigeon will prefer pecking at a key that has .no negative
_response contingenc§~than at omne that does. This was shown
in odC of-QPe control experiments by Williaams and Williass
(1969), in which an irrelevant key was added to the

woamission®™ one. The two keys were illuminated together

but veré‘differentiated by their hue (red or green). ° Both

keys vere illuminated for 6 secwnds and followved by grain
presentation only if no peék occurred on the omission key.
A peck on the omission key made both keys‘ inoperative//gkd
prevented grain ptesentatidn. Pecking on the irreievant
key had no effect at all; that is, the irrelevant key
procedure wvas similar to the fixed trial procedure in
aatoshaping experineqts (Brown & éeniins, 1§68. Experiment

) -
4). // All six pigeons used as subjects came to peck on the

wirrelevant® key and, vhen the colors identifying the keys
vere reveféed. the pigdons shifted responding on the other

key. This indicates that the pigeon's pecking preferences

~were influenced by the contingency differemnce between

omission ?nd irrelezant kays. Thus the birds vere not,

insensitive to the

f

mission procedure.
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In\ a sSlightly different conéezt. it has also been
found by Schwartz and Williams \ (1971) that spaced-
responding in' a diffegential reinforcéient of loy rates
schedule (DRL) could be 6btain€é only if tLere vas an
irrelevant kef that could receive the “overflow"® of
pecking. - Pirst, the piéeog;,?cquired fhe pecking respoase
on a 6-sec. il}nuinated key—-1light with the autoshaping
'prgcedure. T;ey vere then shifted on to a nevw procedure

!

: X
where pecking during the first 6 sec. of key illumination

., had the effect of turning off the light and preventing food

delivery. If no peck occurred for 6'sec.! the first

suhsgﬁuenﬁ peck - turned off the

CS5 and a."owec‘. lthe' food to appear. If no peck occurred

L]

for 6 seconds, .the first peck turned off the CS and

produced the pyesentation of the food. Over 45 sessions

improving its perfoxmance, that is, to restrain pecking

during the 6-sec. CS period, and even then only oan 7% of
f

the trials. %hen an irrelevant key of a different color

was illuminpated contiguously with the DRL key, three

\pigeons out of four learned to peck the irrelevant key

If

during the first six to eight seconds of its \illulination
and Lhen shifted #o the DBL key for a reinforced peck.
Theég results support the hypothesis that tAe CS:1S
contingency induces pecking and makes ii highly resistant
to . disruption by the ouission't:aining, even though the
pigeon's behavior is demonstrably semsitive to the negative

BR:IS contingency. That is, instead of not pecking, they

/
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may peck\ elsevhere, specially when the opportunity  is -

offered by ‘an alternative "irrelevant™ key light. It is
worth noting wvwith Schwartz and Williams (1971) that “other
apparently possible forms of effective collateral beﬁavior,

such as turning awvay from the key, or pecking at the

\houselight,/ dig\not develop. " (Schvaitz\& Williams, 1971,
_pe 159.) /This means that the directedness of the response

at a particular 1location is an important factor in -

detersining what collateral behavior would emerge.
The 1lower rate of responding in_ the case of the

omission procedure, as compared to the rate in the

autoshaping procgdure, may be explained by the effe;g/oif////

one factor or by the combined effects of two factors (see

Hearst & Jenkins,. 1974; williams, in preparatiom): (1)
fawer CS:IS pairings énd (2) response-contingent removal of
IS (extinction). When the animal responds on 50% of the
trials, this means that the CS- is presented without
reinforcement 6n 50% of the time; on these non-reinforced
trials,\the resébnse—éoniingent removal of reinforcesent

may cause the partial extinction of the response. To test

\
this idea, one may conpare the per#ornance in an omission

procedure to a yoked-controcl procedure that keeps the same

proportion of CS-US pairings. Schwartz and Williams
(1972a) made that coaparison (within-spbjects design) with
tvo different kiqu' 6én trials' that were presented
successively and differentiated by the color of the key:
(1) omission trials vere given on a red key and (2) yoked

pﬁsitive trials on a white key. On the positive trials,

-29- ) —
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the key-light was follored by the reinforcer at the sape

'Ppropa;ility as the preFeding omission ‘trials. .Por
exa!ple; if a pigeon pecked the red:o-is ion key on 1Si of
the trials, then the green-positive key Tas presented alone
. " on 75% ofﬂthe érials and was followed by reinforce@ on 25%

{ "of the trials. - A1l eight pigeons preferred the yoked |
"wirrelevant™ key, as indicated by th 4i her percentage of
trials at which they pecked;on it, by the rate of pecking

on it, and by the choice made vhen both keys  were—
-0 nese ¥

//tpjasen%ed%“”Piigaﬁé' preference shifted/appropriately uhe#
i

. N

the Qtinuli correlated with the tvo conditions were

reversed. -

-

'and’ ¥Villiams (1972@). concluded that the

Schuartz

mobserved differenmces in performance must reflect th

.eféective influence of the different response‘reinfércet
- contingencies that veée correlated with the two /keys' ’
: . {Schwartz and williams, 1972;, p. 355). However, ve 4o
- ‘not knov vhether performance was affected nore by the .
negative response-reinforcer contingency (R:IS) of the

omission procedure or by the positive response-reinforcer ,

contingency (R:IS) of the dirrelevant key. Also it is

possible that the differences between the two keys were not
- \ »
only in the response-reinforcer contingencies. Even if ) {
) the number .of CS:IS pairings was the same on the two keys, T '/

it is possible that the CS:IS relation was not exactly the

-

same in the. two cases., For example, we knovw that wvhen the
Ie omission key is cong’acted on 75% of the trials, the

pairings for both keys with IS is on 25% of the trials. .

-30-




o Now, if the pigeon is pecking on the. i'rrelevant key on 80%
of the triéls, it means that 80% 6£ 25% of the trials*: are

gginforced, that is 20&\ of the:trials. We can then be

sure that the pigeon observed the CS:IS. pairing of the

relevant key on 20! of the trials. Ue do '‘not know if

////////// the pig\on observed equally oftea the cs:1s pairings of the

/011551on key, because_gn each trial.in which t seﬁpai:ings

° | occurred, by the pFocednral defiyition, the pigeen ha% not

0 bothered to pe;k. Thus it is possibie that the
observation of CS:IS concoamitance is nmade more pgdbahle
vhen the CS is pecked and that.this is the main reason why
the birds smaintain their responding under the autoshaping
proceduré, and perforl at a lower level under the onlséloi
ﬁiocedure. The contlngency/betveen the response and the

f,-’

|
incentive stimulation may. have pothing to do vith the

obtained differences.

]
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Recent evidence }fron omission experiments indicate

Porm_of_Response

that the form of the response under omission training may
be different from the forp of response under %%e
autosgaping pfocedure (Schwartz and Williams, 1972b; Stiers
and Silberberg, 1974). Schwartz and Hill%ans (1972b)
found .two populations of key-peck; of different durations
with the autoshaping ‘and omission procedures. " Their
analysis showved that the initial key-pecks, in either a
fixed-trial or omission procedure, were of short duration
(below 20 msec.) but, with continued training, the fixed-
trial procedure produced many longer key-pecks (above 40
msec,), in addition to the short ones, while tﬁe omission
procedure continued to produce 0;17 short pecks.

Moreover, a continuous-reinforcement schedule (CRF) led to

the development of long duration key-pecks; in FI 20 and FR

25 schedules, long duration pecks were also preponderant, -

y
the distribution of FR being less variable than on FI.

Finally, short-duration pecks were found to be insensitive
to differential reinfofcenenf\ wvhile long-duratioﬁ pecks
vere sénsitive to it. Thus it seems that .the first\ pecks
made under the auéoshaping procedure are short and“that
further training adds longer pecks to the shorter ones.
The omission, procedure, though»‘ugable to prevént /the
acquisition or to sdbp?;es the shorter oneg, pfevants the
longer ones from appeqééng.

Rats can also respond differently under “the omission

procedure as /conﬁared to the autoshaping procedure.
5 !
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Stiers and Silberberg (1974), using hooded rats, found that
the median contact.duration and the fore of the contact
re;ﬁonse to a CS-lever vére different depending upon the
procedure used. While most contact durations were short
(around 20 msec.) in both autoshaping and omission
procedures, some longer responses (over 100 msec.) occurred
in the autoshaping "procedure. Observational data during
the last four sessions shoved that the autoshaped responses
were mostly lick, bite, and paw contacts. These responses
were no longer present during the last four sessions of the
folloving omission procedure but vere replaéed mostly by

short nose contacts. -

o

Thus, in both pigeon§ and rats, one can see tvo
classes of response, which differ in their duration for
vhich the key remains closed. According to Schwartz and
¥illiams (1972b), Williaas (in prebaration) and stiers and
Silberberg (1974), one class (short pecks in pigeons, short
nose contacts in rats) 4is ‘controlled by th CS:1s
contingency and the other class (long pecks in pigéons;

lick, paw and bite contacts in rats) is controlled by the

R:IS contingency. ’

“

However, it is also possible that the short pecks or

the short contact responses, the first to appear, are a

part of the early instru.enf&l approach sequence and the

s : '
longer pecks or the 1longer 1lick, bite and paw contact

\
responses, which appear only when the consummatory response
’ ' !

closely follow responding to the(lanipulandu- (R:IS), are a

‘part of the later consummatory sequenceé. . If iﬁisfis 80,

-33-
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the longer, consummatory responées, which are a part of the
later part of the response chaln (closest in time to 1IS),
wvould be the first to dlsintegrate/with the 1ntroduct10n of
the omission (extinction) procedure, while the shorterf
instrui;ntal responses, which are a part of the early part
of the response chain, would be"the 14st to disintegrate--
as appears to be generally the case in extinction (e.g.,
Antonitis, 1951; Morgan and Einon, in'preparation; ¥agner,
1961). Tge,shOtt and loné responses thus may \represent
responses at different points in the total behavioral
chain, Eather than responses shaped and lai;taﬂngd by two
different contingencies. The differences beiveen the
autoshaping aﬁd/ omission procedure in the relative
frequency. of occurrence of short and 1onq responses couid
then be due to the differential effect of the oamission
(extiﬁction) procedure on aifferent parts of the respoase
chain. * It is not necessary to invoke the axplanaZion

(+]

offered by Schwartz and Williams (1972b) and Stiers and

Silberberg (1974). ' L.

!

If the proposed extinction interpretation is correct,

the difference in t%pography found by HMoore (1971) between
autoshaped pecks: for food aﬁd autoshaped pecks for- water
shﬂnid hisappéhr nndéé- ogission procedure and:- only <the
approach short pecks should rémain. This p;ediction is
supported by’éona recent evédpnce i? the aonkey. Schwan
and Gamzu (in prepagqtion) found that a lever—preséing
response acqu}red under the attoshaping procedure did not

persist under omission procedure, even wvhen its t&pobraphy

C =30~ - N o
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vas similar to the grasping component of the conéunnatory
response. Hovever, the approacﬂ co;ponent (orientation,
approach of the arm) remained intact. Thus the component
of the autoshaped response that is similar to the
consummatory response and thus determined by the presencé
of IS would seem to be the one that is likely to be
disrupged earlier in omission training. Hhethgr the
strengthening of the consummatory conpoqut during later
stages of autoshaping' and its extinction dufing the
omission procedu#e’\arg//ﬁg:ernined solely by changes ig
CS:IS contingency is//a.—guestion that remains to Dbe
investigated.
o usjiops

The above evidence from "Yoaission® experiments
suggests the fgllowing tentative. conclusions: (1) A
positive CS:I5S contingency even in conju?ctiou with a
negati;e R:IS contingency, can lead to the acquisition and
maintenance of aP instrunental approach—-pressing response;
the FS;IS contingency can thus overridq/ any poséible
effects of the negative R:IS contingency. (2)'—£L€
addition of qlission-érocedure does lead to a reduction ;n
responsg/ level below what , would be obtained with CS:IsS
contiuééncy alone; however, this reductidn\doe; not reéuire
the attribution of . a necessary role to the :Is
“contingency, for it could répresent a change in the
pbéervation of the CS5:1I5; cpntipgency. (3) Thé‘later,
consummatory coaponents of the total autoshaped response

are disrupted by omission propeduﬂp somevhat sooner than

{
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the earlier approach components; this may be the reassn for
the reported difference i; the topograpyy of responses ;n
the autoshaping and omission procedures.
e_Superstitiop and_Shapipg Procedures

What would happen if IS were _presented without
reference to ;ny specified response, as in ;he autoshaping
procedure, but also without reference ?o any specified
stimulus? d%ing such a procedure, Skinner (1948) observed
vhag he called "superstitious™ behavior (see Tabie 1, Cell
5). In hi§ experiment, /food wvas presented at fixed
intervals of 15 séconds. Each of six birds, out of eight,
acquired 'hqd ;aintained a | certain stereot yped and
consistent response: *"One bird vas conditioned to turn
;etveen reinforceaents. Another repeatedly thrust its
head into one of the upper %orners of the cage. A third
developed a "tossing" response, as if placing its head
beneath an invisible bar. and liftihg it repeatedly.' " Two
birds * developed g‘pendulnl motion of the head and/body....
Another bird\vas conditioned to make inco;glate peckiné \ot

brushing movements directed toward but not toudhing the

floor" (Skinner, 1948, p. 169).

Skinner (1948) attributed such superstitious actions

to adventitious reinforcement of particular but unspecified
responses. He alsé accorddd an _jimportant role to

environsental features and objects: ®With the exception of

the cﬁhnter-clockvise_turn, each response wvas almost alwvays

repeated in the same part of the cage, and it generally
, :

! -36- . ) N

counter-clockwise about the cage, making two or three turns




1

involved an orientation toward some feature of the cage.
The effect of the reinforcement was to conditign the bird
to fespond to some aspect of the environment rather than

merely to excite a series of movements." However, it .is

. | B
the adventitious reinforcement aspect of his interpretation .

that became wvidely accepted as the ‘explanatioq . of

superstitious behavior (see Rerrnstein, 1966).

Staddon -and Slnlelhag (1£71) repeated Skinner's
(1948) experiment and noted carefullx the exact moment of
appearance of responses during the inTerva betvee; Is
presentation. They used three schedules: a T 12 sec,
(rgspbnse independent), a VT 8 sec. (response independent),
and an QI 12 sec. {response dependent). The results

showed that some behavjors would occur sore consistently in

the early part of the interval and some others wounld occur

a

loreﬁconsistent in the late part of the 1nterval- ftaddon

and s;--alhag called the former %interis activxtzes" and

the latter férninal responses. The terminal reéponses,

_found in most pigeons, increaséd over the interval and vere
, mostly (a)‘orientatign responses towvard the magazine wall,

- which occurred in-all pigeons and in each schedﬁla; {b)

Voo
pecking responses directed, in the response-dependent

schedule, at the consténtly illuminated key and, in tPe

p¥)

response—-independent schedulés, at some point on the

magazine wall. The interin /responses, that were more
[ .

variable froa bird to bird, had theif optimun rates in the

Lo ) 3
early part of the intertrial interval. The most frequent

vere-. pecking the floor, "1)u' circles,®" flapping wings,
\
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moving along ragazine wall, and pointing beak to the
ceiling; moreover, all these actions wvere 1/m:z:angied in
. \

certain sequences. Staddon and Siamelhag (1971) described

the characteristics of thesé sequences as follows: " (a)

each bird showed only a small number of typical sequences

(usually thr or four); (b) the sequenc1ng vas very rigid,

so that although a given '  behavior light fail to occur.

during a particular interval, it never occurred out of
sequence.... {(c) the variability of the sequences was
greatest early in the interval and least at the end, in the
period just preceding food delivery....® (staddon Q
Sii;elhag, 1971, p. 9). Also, there was little difference
in beha;ior betwven response—dependent\ and response-
independent ~schednles. Staddon and Simmelhag (1971; Sﬂe
also Staddon, in preparatjon) explained terminal responses
and ipterim activities separately. They snggesJ that
‘terminal ,responses occur in per:.ods of x%ively high
réiqforcelent probability. The R:IS relation sets the
occasion for the selection of a response froa asong those

’

"induced™ in the situation by a "principle of variation”

(transfer processes, stimulus suﬁstitntioh, preparatory

responses, ' situation-specific and species-typical

responses, etcC....). In#eri- activities occur in periods
of Irelaﬁiveiy low reinforcele?t probability and are the
sub-products of interactions among motivational states.

Now that we know that a contingency betveen a
selected stilplus and an incentive stimulus is sufficiesnt

to initiate jand maintain an unselected but particular

S /
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skeletal response (Browvn & Qenkins, 1968§ Williams &
#illiaas, 1969), the, possibility arises that such a
'contingéncy may also operate in the superstition procedurei.

-

The greater variability of responses emerging in this
procedure could be attributed to the qreater.@ariability o£
the environlental stimuli that come to serve as CS when IS
is not contingent op any specific stimulus. For example,
if by chance, the pigéon is observing the right upper
corner of the chamber when the " food hopper appears, the
right upper cormer is likely to become the unselected CS.

That right upper corner would then acquire some appetitive
incentive value, thds increasing the 1ikelihoodhthat the
pigeon vill look at the same place 7nd approach it. ?his
interpretation in terms of stimulus-incentive contingency
alone would predict that the earlier post-reinforée-ent
responses would be made in r®lation to stimuli distant from
the location of reinforcement (“interi; /activities“) ‘and
the pre-reinforcement respons;s would be made in relation
to stimuli that are prodressivély close to the location of

reinforcement (terminal responses).

Adventitious pairings between IS amnd unselected

stimuli can occur even when there-is an already operating

selected CS:IS contingency. Wasserman (1973a) found that
the presence of a house—lﬁght was a necessary condition‘éor
autoshapinq to occur. Without the house-light, the light
behind the key illuminated the entire chanber.///Qka/reshlt
was a suppression of pecking at éhe‘ kéy,‘ or, more

accurately, the initiation of other behaviors directed at

N\

-39-

=

e e

-t




>
~N

other features of the environnent\\ One bird "would first
turn tovard the key but would then walk toward the -ask;h
hou;e—light, ,extend its neéck, and ‘bob' its head in the
upper right hand corner of /the chamber.” Another bira
wapproached the key 1light bdt did not make any pecking
movements and often lowered its head toward the food
hopper" (Wasserman, 1973a, p. 200).

A responée like turning clockwvise, a celebrated
operant in the pigeon, appears to be a complex ;kill
requiring shaping by an experienced traiqLe. not a simple
response directed at some surrounding = ‘stimulus (sée
Jenkins, 1973) . However, Skinner (1948) observed that
this behavior can emerge without any shaping; a FT ;5 sec.
schedplé wvas sufficient to produce it without 3ny explicit
training. A CS5:1IS hypeothesis would suggest that the bird,
vhen turning, is looking a a sequence of objects, a
sequencé that terminates with the presentation of graiJ.

Maybe a moving disk turning around the pigeon before food

- \

presentation would lead to the emergence of a turning

response’ of the pigeon. This is probable in view of
Skinner's (1971) recollection of an unpublisged earlier
observation wvhere a pigeon followed and pecked a spot of
light that moved on the wall %h a' direction opposite to
that of the feeder, just before foodfpresentation.

If Isuperstitioqs behavior can emerge in a situation
vhere IS is presented uithout reference to any specified CS
or R {(Skinner, 1948), it should also emerge in a situation
wvhere a éositive BR:IS contingency is specified but cé:Is is

Ve
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not Sﬁell 2 of Table 1[. uorse/pnﬁ Skinner (i958) used a
VI 30 min. schedule of réinforcenent of key pecking in
pigeons; the Q;ortest interval wvas 1 min. and the 1on§est :
59 min. This is similar to a 2-component NOULT |schedule,

vhere each component wonig nnié an identical schedule of IS \ ]
presentation but two different (but irrelevant) stimuli

announcing each component. Daily sessions varied from 6 to

20 hr. in length. The kéy light was orangse,| but turn94

blue for 4 min. once per hour. There|was no CS:1IS

specified relation. The results showed that the rate of |
responses came to be influenced by the presentation\ of the J } ///
short~lengt® CS (blue. key light). For some pigeons, the

rate of pecking increased during the blue light period, '

vhile for éone onhers the'ratgfdecreased, and still others

stopped responding during Qhe same period. Morse and '
Skinner (1958) _clncluded “that incidental stimuli
adventitiously ]related to reinforcement may acquire marked

°

discriminatiyv, %nnctions" (goase & Skinner, 1958, p. 211).
| - In thé‘ Eorse andPSkinner (1958) experiment, the CS,
the responsé.aﬁd the R:Iéarelation (see-Table 1, Cell 2)
vere specifled, but not whe CS:IS contingency. The-
situation that ve will now consider is similar exceJt that ,
the Cs itself is  also unspecified; this is the common
shaping procedure. A specified respnnsé may be shaped by
-akagg the 1s contingent upon fesponses that° ane
progressively sore and more like the selected rasponse.

However, it may be possible to shape a selected response

/ . '
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vithout using this successive-approximation version of the

{

respoanse-reinforcement procedure. " .
Moore (1973) analyzed the different methods that are

currently used to shape the/pecking response in the pigeon

: : \
'and arrived at the conclusion that "in every case both the

acquisition and the maintenance:of the response follow at
once from the Pavlovian ptinciples"i(uoore; 1973, p. 177) .

Bindra }1972) 1§7u) also offere kan interpretation of
shaping in terms -of CS:1IS gqlatjons. To iilusfrate his

approach, let us consider the shapiﬁg of the bar press

teﬁponse in the rat by - the method of successive

1

approximation. The experimenter may f£first decide to_

e /\
present food to the rat when it is in the vicinity or

facing the léver.., This creates a CS:IS relation in which

the lever and its-location on the vall JLuld become a CS. '

After a fev trials of tpat/sort, the lever acquires enough-

incentive value {as the kéy light in autoshaping
;xpegi-ents) to make the approach the lever. He know froa
Peterson, Ackil, Frommer, and Hearst (19f2) that
illunin;ting the lever befoqe presenting food has exactly
the same effect, that is, to attract the rat (see also
Stiers and Silberberg, 1974). If now Bthe trainJC makes
reinforcemsent contingent upon the rat touching the lever,
he vould have reduced the part of the environment .that

serves as the Cs. , Thus the method of successively

reinfor¢iné more and more specific responses may in fact be

one of making the effective C5 more and more speEific:'Qhat

appears to be response differentiation training may in fact

) —_
>
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be stimulus discrimination training. ~.Tﬁe differentce
between autoshaping and shaping is that the shaper, inétgad
of, say, illulisating ;he lever to make it more likely that
the rat would look at it,(sinply vaits until the rat looks
at the lever spontaneously. /The effect is the same, that
is, producing more orientation and appr;ach betjeen lever
and food, but also a spatio-temporal comtingency: the
spatial contingency is created by the’ contrast in incentiv;
value between the lever and the other features pressnt in
the environ-enyﬁthat are nevef, when‘observed by +the rat,
paired with food. The telporal contingency is created by

ig?é»contrast betveen the time of the "trial,” that is, when

the rat observes the lever-food relation and the time of

* the nintertrial interval,” .that 4is, vhen the rat [is

/

occupied with other nétters.v The fo%g of the shaped
response will ﬁe, at first,’ similar to the form of an
autoshaped rasponée‘ with food. The rat will sniff the
lever, bite it (strongly enough to destroy iﬁ if IG?Q qf
wood or tin) and nanipulaté it uniil the switch delivering
the fLod is\activat;d. - -

The exact configuration of the lever may play an
important role in determining the kind of responses that
the rat will wmake toward it, but manipulation with the
front paws is likely to occur, the ‘rat using thes
extensivgly for manipulating and hol&ing objects of

interest like food. Thus, the shaping procedure msay be

efficient because it wmaximizes the 1learning of new

stisulus-incentive relations by exposing the animal to the ]

-3~
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elements oﬁ that relation only vhen ™attentive"™ or
minterested," that is, when looking at or contacting the
stimulus-manipulanduns. ’ } ,
(+) ons ]

The above, evidence aﬂd considerations sugﬁest that .

o

the emergence of specific responses in the course ‘of the
superstitious and shaping procedures, ' which is usually
interpreted in terams of adventitious response-reinférﬁenent

(rR:1IS), is also open to interpretation in terms of
N\

adventitious CS:IS contingencies that =might operate in

o

these procedures.

Geperal Conclusilo aplic s x

The above reviev was concerned with éxalininb the

&

relative importance of R:IS and C:IS contingencies im the

3

acquisition  of stable responses of the type comamonly

~

described as operant or instrumental responses. The

review has shovn that while autoshapingj and o-iss:'urm/,—j
training experiments proviQe firm evidence that CS:IS
contingency can be suffiéient for the acquisition andr
maintenance of inéi;unental responses, there 1is no figp_
evidence that a éS:IS contingency is a necessary condition
for instrumental leérning. And while it establisied that’
R:IS contingency is not necessary for the acquisition or .
maintenance of instrumental responses, there is no firs
evidence that sqch a contingency can be sufficient for
instrusental learning. Even in shaping and supersﬁ}tion

experiments, in which the R:1S5 contingency has ﬁéualli—been -

- reagarded as the proponderant and necessary factor, it can

©

-u“"‘ ':»_‘_
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';'aninal observes or othérwise acts in relation tg ES, the:

v

-

be shown to be dependent on the CS:IS contlngencies and may
@ 8 f
be wholly 1nterpretable in terls of such contlngencies.

Thus, while it is established that CS:IS contlnge;;ies’are
sufficient for instrumental ;earning, it . remains tbd.he
decided whether they are always necessary. And while it
is established that R:IS génting§hpies are not necessary
for instrunentél learning; it,ie‘ij#é to be decided vhether
they}can SOletlleS be suff1c1ent. g

In view of the °abovq conclusions, it appears

reasonable to explore further and in greater detail the

hypothe§}s that Cs:Is cbntinéénci s are the sole basis of
A ' 9

|
learned behavior nodificatigns eyen in the traditional

I <
instrumeptal training procedures. 'Such: an hypothesis

vould include two main ideas (Bipdra, 1974). - The first
idea is . that &he developneni of an instrumental response

requires that the eliciting stjmulus (Bj’ come to serve as

the CS that is follo;ed by the ince ti’é stimulation in-

training (ES=CS:IS).' The roJe of the eliciting stimulus--

the stilulus'cOlplex that contributes to the occurrenc919§

the first instrumental response (before it has been
. .

reinforced)~~has been 1a£gely ighored ’iy discussions of

instrumental learni;g. j But since there nmust be sosme

&

stisulus complex that determines vhether a specified

response is likely to occur "spontaneously" in the training

situation, the massu-ption of such an BES in every

kN

,,ihstrulental‘training.séyuafion iéainescapable. When an
~ - J &

AN

instrumental respomse occurs, and the incentive stimulation
If’ ® \
J\f/) - f
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‘CF is presented; so that, apart from the arranged R:IS

contingency, an "ES:IS contingency also gperates. As
Bindra (197u) bas put it, "...esarcranging la response-’
incantive contingency is the best way so faf\disc&gbred for .
dinsuring - the anima1'w111 observe the critical stimulus
teatures vhich must enter into the stilulﬁs—inQentive
continéency for producing the specified respon§e.L.."

[ (Bindra, 1974, p.J208). A firm proof of the ﬁ}bothesis is
that 'ES:IS is the only effective contingency would require
isolation of the ES:IS contingency (e.g.,l observation of
lgyer%fohd) from the.R:IS contingency (e.g., pressing the
lever:foodj. There secens tO/be ne obvious experilep}gl

way of isolating these two contingencies, but it may be

' " possible to approach the question by testing the
implications of the opposing hypotheses ??ainst the details

of the results of experiments in vhich selected features of

the two contingencies are varied.

/

»
,animal will reéspond in relationm to those conditioned (i.e.,

\ ,eiidltiné) stimuli ' that bave acquired grlator appetitive
(or lesser aversive) incentive .° »value through thgir
contingency with IS. A resp&hse Ln'relntion to any objcct
or location. is thus not de}orninod by its absolute’
conditioned: inqegilvo value, but by 1;3 relative value in
relation to other stiyulﬁh‘in the situatyon. As the

/

conditioned \ incenti value of various conditioneds

'(%9 (eliciting), stisuli may |change fros moment to moment,

/ !
accprding to the t){ggii relation between the stimuli and

P
v * ~ - ) 4 I'e

‘} -
‘
.
.
.

The second main idea is that at any given moment, an .

- .-
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IS, the animal®’s behavior may vary considerably during a
trial. But the essential point 41is that it 1is the
differential incentive value of various stimulus components
of a situation wvhich determines the probability of
response; the actual gupber of responses is mainly a matter
of the nature of the manipulandum and definition of the
speci%ied reébonse. This implies that the - greater  the
opportunity to learn to discriminate betvween the incentive
value of different stimuli, the more specific wvould be the
emerging response (or pattern of responses); furgher, the
q;::fer the relative 4incentive va;ueJ of the weliciting
stimulus for the specified response, the greatgr would be
the probability qﬁ the occurrence of the respogsﬁ. This
suggests that greater response probabilities obtained by
arranqiég R:IS contingencies, as compared to those obtained
b} arranging conp&rable CS:IS coptingenéies,' may be an

“»

outcome of greater discriminative advantage of ES 4in the

former i;:angelenf. This ﬁp;ediction should also be

\

testable oxpe:inentally;

’ The_Present Inysstiaation

i r

The - investigation reported  here vas aimed at’

'fonparing the acquisition and performance of a rosponso

ngency
was CS:IS and another in which an gxplicitly arranged R:IS
contingency was added to the C5:IS contingency. It vas

hoped in thip7vay to detersmine wvhat additional influence on

" thé acquisition and pi:tornincn of a response is p:oducod'

e ~

PR
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under tvwo procaduros, one in which the explicitly ;ﬁrunqodv*
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by adding the R:IS contingency, and to conéider how the
observed contributions of the latter contingency iight be
interpreted. ' The animal used was the hooded rat and the
response studied wvas a simple approach-contact response.
Rats vere thirsty and and the reinforcenent consisted in
the presentation of an incentive (water IS). A light
served as the CS. . . -
A comparison of the type mentioned above is difficult )

to' maké in the traditional test chasber used for

instrumental training wvith rats. This is so because the
i "

CS (e.G., l ”iight) wvhich announces the impending
availability of the IS is different and spatially separated
from the manipulandum (e.g., a lever) i? relation to wvhich
the instrumental response is usually le;sured. This means
that all responses dirééted towvard the cs,/ such as
approaching, sniffing, 1ic£ing, and biting, re-a}n
unrecorded, if not unobse}ved.\ But‘in/ the tést chamber
typically used with pigfgns, the sanipulandun (on~wh1ch( .
responses arq.-adé) and the CS are the same stisulus

: o
object. Therefore,a test chamber was comnstructed for use

~vwith rats that was siailar to the one used with pigeons;

1

that 1is, the C$ npon which - Is vas conLinqont and the
lanipulandul uscd to -easu:L tho response were the same

og?ect' namely a wire-grid pancl vhich, vhen ?1lu-1nated, .
served as CS.’ ”3 ) \

’

Tvo experiments vere pcéfornod. The first vas
4

dosignad to compare the intluoqéo on rosponso rate and on

the t#-poral diatri7ution,/;n£ the :osponlo of an
N =
T -4g- )
b {)

! .
{ !

-
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experimentally arranged .CS:IS contingency w;thont/ any

explicit R:IS contingency with the combined influance on
response probability of both contingencies, CS:IS5 and R:IS.

The effects of the introduction of an omission procedure
on responding under the two conditions were also examined.

N

The omission procedure maintained the C5:1IS contiﬁéency
but replaced the R:IS coptingency by a R:IS contingency
(l.e., nonoccurrence of the response vas followed by IS).
Oon the basis of the results of the first experiment,
a second experiment was designed to \explora furthe£ tﬁe
factoré influencing response acquisit%on and maintenance by

anaanalysis of the spatial distributiogp of the response

under the CS:IS and CS:R:IS contingenc*es.
( N

*

g




EXPERIMENT 1 ‘ /

'

The purpose . of this experiment was to detersine the

effects of the three contingencies (CS:IS, CS:R:IS, and
!
CS:R:1IS) on response rate and the temporal distribution of

’

responsesg within a trial.

/ Method ’
. ,

subiecte . |
" The .sﬁbjects vere 10 naive male hooded rats weighing
I

245-255 g. at the time of purchase froam the Quebec Breeding

/Far-. They were individually ‘housed. . /' ,
\
Appazatys |

The/ experiment wvas conducted in an especially

prepared test chamber 30.5 ca 1ong, 30.5 cm vide, and 19.7 -

ca hiqh. A1l the w&lls vere made o£ Plexiqlas. the -north

wall was painted black, the vast vall was unbaintad, and

the other two walls were painted brown. The floor, pléced
over a rip basement, consisted of steel bars. The ceiling
vas an Qpague vhite Plexiglas sheet undét a neon light. A
b:ovi‘&#lter vas placed betveen the light and the ceiling,
reducing the chamber’'s luniqance to 46 cd/m2, ;s measured
from the floor in the center of the box. The test chamber
vas 1£se1£" placed in a sou?d—protectad enclosure 122 ca
long, 122 cm wide, and Gﬁ cs bigh. A Plexiglas door on
the roof of the enclosure pe:nitted observation of the

animal through a mirror placed near the clear vall of the

test chamber. k ventilating fan aasured proper air

-50-
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A, /circulation and created a quasi-vhite noise of 70 4B

(measured inside the test chaamber), vhich nmasked the
equipment sounds. ' -

A "reinforce-ent\draver' was located in the middle of
the black wall, its center\being at 38 sm from the floor.
As shown in Piéure 1, the front panel of the draver
consisted of a square (31.75 by 31.75 =mm) copper wire-grid
placed on a white Piegiglas suppor£ and bound by a black
frame. The/draver wa? attached to a retractable lever
apparatus (Lehigh Vvalley Electroﬁics, no.,123—05J, with the
lever replaced by the drayer.' ¥hen exténded into the " test
chamber, the drawer wvwas 22 mm long with black sides. A
1;ip (28 VDC)) locatediinside the drawer, could illuminate
the vire-grid panel, bringing/thé luminance of the panel to
343 cd/mZ, as measured at a distance of 5 cm fros the front

of the grid. In the middle of the ‘upper surface of the

‘draver vas a recessed circular cavity (5.5 mn in diameter)
!

\

which could hold .3 cc of wvater. The 1194t1ng of the

panel vas used as the CS and the water as the IS (US or
! 4

reinforcer). _

A drinkonéter ci;cuit (an, serles 100) vas comnnected
to the front wire-grid in front of the draver and wvas used
to record consummatory responses and ég control,ltyréugh
logic modules, the delivery of water for the next triai. .
That 4is, 4if the rat did not drink on a given trial, the .
solenoid/delivering vater vas blocé?d at the next trial, so

\
that the same amount of water wvas available to the® rat on

'}

-

each trial. ) f

‘=51~




PIGURE

1.
Nater receptacle (IS).
(3) Hodified retractable lever apparatus.

tube. .

The “drawer” in the extended position. — (1)

A
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__{2) Wire~grid panel - (C5) .
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(4) Water
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Automatic scheduling and recording of approach and

~

»

consummatory responses (drinkometer contacts) - vwvere

controlled by a set of logic -oduies (BRS-Porinéer, series

100) and Sy an on -line coaputer (PDP-8/S). a
continued on next page/ ‘
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Brogedurse >
on each of t@;/first three days of the expéri-ent,

thJ animals wvere individually handled and allowed  to
explore the appagatus for 10 ainutes. They vere/then
placed on a 22 1/4 hr. wvater deprivation' schedule. For
the next five dayL they vere exposed to the coamplete
experiméntal procedure (see belovw) except for the
presentati;n of the CS; vater vas’given at each "trialn®

{

regardless of their behavior. Tvwo subjects vere discarded
because of a

arned ‘fear of the movement of the drawer
:that preveited drigkinq. The remaining eight animals were
then randomly distributed into two groups, a designated
C5:1S *stinulus-continjént" group (SC group, nQu)—*and a
dfsignated R:IS ‘*response-contingent®” gtoupk<igc groaup,

n=4),

1

Each -daily training session lgsted 30 wmin. fand

) ] 1
consisted of 20 trials., In each trial, the panel was

illuminated (€S) for 8 sec. At the teraminmation of the

light, the drawer was extended into the chasber for 4 sec.

\
and was then retracted into the wall. The extension and

, \
:utractioz time of the draver vas 2 sec. each, so0 that the

/ j

total Ar wvater

ver p}esentation ti-ei vas 8 sec.; the
receptacle was accessible during ;ii of the eight seconds,

The lenght of the intertrial inta:val vas variable, the
a;erage being 64 sec., the shortest 48 -sec., and Qh;
longest 80 sec. Intertrial’ intervals were randosly
distributed within each sassi;;. After each session, thf
animal was r?turned to its cage and, one hour after, ﬁél

{

/
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givenvater ad 1lib for 15 min.; it wvas then deprived until

' the next session (22 hr. 15 min.). - -

{
Three training procedures were used. (1) stimulus-,

contingent training Efocedure (CSz2IS): IS was presenqu°at

; the end of the CS period regardiess of the behavior of the

. animal. (2) Stimulus and _ response 'contingent training

procedu;e (CS:R:IS): the reinforcer vas presented at the

end of the the B-sec. CS period only 4if at least odL

' ;esponse (contact with the illuminated panel) had been made

. /
during the CS. period. (3) -omission-training procedure

(CS:R:IS): the' reinforcer was presented at the end of the
CS period onlx?;o response (cont;ct with thL panel) had
been madé &uring the CS. The SC group was gﬁven 36 daily
sessions of the stimulus-contingent training and the BRC
group. was given 36 sessions of the stimulus and response-

conti;Lent training (CS:R:1S5). ‘Both groups were then
/ [

given 24 sessions of omission-training (CS:E:IS).
{

Apalysis _of _the data .

In a first, rough, analysis of the temporal
distribution‘of response, each trial vas divided into four
periods: (1) a 20-sec. \pre~CS peéiod, (23 an 8-sec. CS
period,’ (3 a, 20-sec., post-CS period, and ()] an
inggrtti;l intérval (bet veen khe end of the pbst-cs period
and the beginning of the next pre-CS period) vhicg varied
from 8 sBec. to 40 sec, I The tvwo groups vwere compared with
respect to the average rasp&nso rates (rate :scores) for

each period, as wvwell as with respect to the number of

trials (trial scores) on which at least one response was

- -56-
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sade during the CS period. In a second, more detailed,
analysis of the temporal distribution of responses were
calculated for each 2-sec. interval of the prejcs, CS,Qand
post-CS periods, in blocks of #our sessions.

I
Results

Results froam the 36 sessions of st;-nlus-contiegept
'(éaining (CS:1IS) and stiiulus-ggsponse contingent trainiﬁg
(CS:R:I5), as well as from the 24 sesgiéns of omission
'priining (CS:R:1S) are shown in Pigure 2, Rate scores for
the two presented for: (2a) the intertrial (ITI) period, (b)
the 20-sec. pre~CS period, (c) the B8-sec. CS period, and
(d) the 20-sec. post-CS period. Results in 'teras of trial
scores are shovwn in section (e).

ﬂ Inspection of Pigure 2 reveals tyat the r;te sco7es
vere generally greater £9§§ Group RC than for Group SC
"during the intertrial pefibd; the pre-CS period, ane the CS
period, but not during the post-CS period; the differences
betveen ghe groups increased steadily from the intertrial
period to the CS perigd. Rate scores shoved a general
increasing trend  over the ‘36 training sessions during the
the Cs p;riod 1n'both/§toups, but during the pre-CS period
only in BRC group. During/the post-CS petiod} the rate
scores decreased, in both groups, from the maxisum attained
on about the 10th session. ) ]

Separate analyses of variance wvere carried out on
rate scores for each period and on trial scores for the <CS

period. The same design wvas used in each of the five

,r -ﬁ7- !
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PIGURE 2. Besulss from the 36 sossions of sti-ulus—\

contingent training (sC group) and response
contingent training (BRC group) and for 24 sessions of
onission procedure (both ‘groups). Averade response

rates. (per 2-sec, intervals) for (a) the intertrial .

period, (b) the 20-sec. pre—CS period, (c) the 8-sec.
CS period, and (d) the 20-sec. post-CS period. (e)
Proportion of trials Aduring wvhich at least one
response vas made for the 36 training sessions and 24
osission-procedure sessions.
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‘wnalyses;  that 4is, a three-way analysis of variance

}Bloéké x Sessions x Groups) with rapoatoq\leaauros on the
first two factors. Thero were tuo‘groups and 60 aossion;f
n?sted\éin tiva blocks of 12 Bessions. The first three
sblocks of sossions included all 36 acquisition training
nussions and the last two blocﬁu-of-snasiona included/all
the omission training ‘uvessions. The results of these
analyses of variance arw presented in Tables 2 to 15,

No agqniticont‘ differencaes bﬁ;ycon gyroups or blocks
vore found for the ITI period anal}sisi and the pre~Cs
poriod analyuis (Tables 2 to 4); howsver, for the CS period
analyusie, a significant differenco betveen blocks (p </.0{i
and a significant 1n£»ract£on betveon blocks and groups (p
< .01) were found (Table \5). This difference betwseen
blocks wam further examined with the qunan-KeMll"to-t dnd
tvo palrvise conparisons wvere loun? significant (Block 3 -
Block 1, p € .05; Block 2 - Block/ 1, p < .05) (Table 6).
Also, a separato Newman-Keuls analysis performed on the BRC
group revealed a siynificant difference between Block 2 and,
Block 1 and between Block 3 and Block 1 (Tablé 7).
Hovevar, no difference’ betvween blockn(woro found for the SC
Group with tho Newman-~Kouls procedures (Table 8). Tests of
simplo effects porformed for each blook :ivoulodJ ('

significant difference between the turagtoupu t{i Block 3

. ‘4"1'6é R < «01) (Table 9)., Por tRe post-CS pariod,\tho

overall P vas ‘not tiqniticnntz ,howo‘o:, there (vun, a
significant difference betwesn sessions(p < .01) (Table

200, C @
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While the two groups were siqniticantiy different in
the average asymptotic response rates-during ého CS period,

there was no significant [difference betveen the groups in

trial scores (Table 11). Hovever, there was a significant

- X
Jhittéronce between blocks(p < .01) and this difference was

confirmed as significant by the Nevman-Keuls procedure: as

-with the rate scores, a significant difference vas“found

betveon Block 2 and Blo¢k 1, and botLoon Block 3 and Block
1 ig < ,05) (Table 12). In RC group, Blocks 3 and z/uort
both found significantly different from Block 1 (p < .05)
(Table 13) but 4in 5¢ group, ' there yas no significant
diftaron;a betvesn the first three /block- 1Tab1; 14),
Tests: of- simple effects perforsmed for each block between
the two groups did not ro;oal any significant difference
(Table 15), Thus, both taéo scores and bﬂgal scores
contihu&ﬁ'to incroase over training sesgions in RC group
but not in SC group.

Reinspection of FPigure 2 4indicates that the
}ntroduction of the onmission procedure (the 1last gu

sessions) produced during the CS period ~an illodintj

decrease in rnto'slorul in both groups but greater iy the,

~ ! . .
BRC group. buring the other periods, responses rates also

dininished at the first session of onission training but ‘

then remained at the same level until the last sessipgn.

The number of trials on which at lialt\\ouo fesponse was

sade during the C3 period 414 not shov any substantial

decrease at the onset of the osission procedure, but
declined gradually over several sessions; however,the trial
e b

e /AN
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scores wvere still conside;ably'above zero in ﬁoth groups at -
the end of omission training.

Analysis of the rate scores indicated a sigﬁitieadt
effaect of omission training during the CS po;}gg for Group
RC: Blocks 2 and 3 wvere significantly difio:ont‘tr01 Block
4 and 5 (p < .05) (Table 8). No difference was found 4in |
sé group; t tests revealed no significant ditf‘ronco
between groups for the two onyrsion training blocks (Table
9). Analysia of the nunbcr of trial acoros shoved that
Blocks 2 and '3 were aignitiﬁantly different from nlock 4 (p
< .05 and from Block 5 (p < .01) (Table 12). However,

contrary to the rate scores, the origin of this difference

vas in A:oup 8C; 4in Group BRC , there vas no significant

‘difference Botvoon omission blocks (Block 4 and 5) and -

training blocks (Blocks 1, 2 -and 3) (Table 14) while, in
Group SC, Block S5 was skqhiticantly different fronm Block;
2 and 3 (p € ,05) (Table). As with rate scores, % tests
r\ioalod no significant difference between groups du;inq
%

"/ A

_l4-

the tvo omimsion training blocks (Table 15).
Results of each subject in SC group (Rat 101 to 104)

are presented in Pigure 3 and of eéach suyjoct/}n RC group

(Bat 105 to 108) are presented in Pigures 4 and 5. The
. ‘ [
paramsters and partitions of the figures are the sane as
- .‘ / '
7ho-0 for the group results (Pigure 2). In general, the

group scores adequately represented the individual scores.
|
In most subjects, comparison of ITI, pre~CS, and CS period

shoved an increase in rates from the ITI period to the CS8

period, The Aincreasing trend over the pre~CS period in RC

%
i .
{
vy
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group vas fo&nq in two subjects (Rats 105-108). Hovever,
duriné the post-CS period, the group results were not
representative: only one subject in each grouﬁ (Rats " 104
and " 105; see also 107) wvas .r;sponsiblo for greater
responding after a few acquisition trials. During the (S8
period, ‘three subjects (Rats 101, 102, and 103 in SC grouﬁ:
rats 105,107 and 108 in BRC group) were roPr;ﬁyntiQo of
their group mean.

The trial scores luere generally less variable than
rate scores. In RC group, rats 105,‘ 107, and 108
responded oﬁ nearly all trials after acguisition. in .1
group, there. u;s/; slow acquilition of rolponvding in rats
101, 102, and 103, Perforsance of rat 104 seemed more
like an habituation curve and night atcount for the absence
of any -iqnificant trend in acquisition ot SC group., The
trial scores vere more sensitive Zo low lovol po:tornnncoz
(re0 rat 106) but hgt ponsitivo to very strong perforaance
because of tho"ptcc;ﬁég of 8 ceiling effect. Comparison
of rates and number of <trials in rats 105, 107 and 108
rovo?lod a linilar phenomenon: tho first do-sion of
acquisition wal sisilar for rates and numnber ot trials but
4h1;p the subjects came to respond at all sessions, thcir

rates continued ¢to 1ncéoa;¢ for many more sosﬁion- before

.attaining a plateau.

The 4introduction of the omission procedure attocéﬁd

all animals, Inlsc group (Contidoring rats 101, 192, and

103), the effect was 'gradual on both rate scores and on

trial scores. On the contrary, in BC group (consAdering

-y
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PIGURE 3, Individual results of rats 101, 102, 103, and
104 (SC group)., Paraseters and partition of the
figures are the sase as thoso for the group results
(see Pigure 2). /ﬂ
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In&ividual results oi rat 108 (BRC group) (See
Pigure 3). . ‘
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rats 105, 107, and 108), rates votl 1nnoﬁiatcly affected
(at the very first session) but trial scores vere gradually
affected as in 5C group. Bat 106 had a strange reaction
to omission procedure: haviné the 1lovest asymptote rate
during acquisition 4inm RC Group, it should have been
affected rather quickly by the omission procedure but it

reacted only after 12 sessions; then, its performance .:.

slovly decreased toward extinctios.

~ The goal of ’a sore detailed tesmporal diltributibn
analysis was to see if the scores obtained for each gcriog
adequately represented the distribution of responses within
the period. Figure 6 to Pigure 9 aén three~disensional
representations of the tgnpo:ai distribution of the scores
vithin irial. The scores are presented on the z-scale.
On the x-scale are presented, froms left to right, in blocks
of two-second intervals, the pre-CS period (10 units), the
Cs pogiod {four units), the water presentation period (four
units), and the post-CS period (10 units). The sessions
are presented on the y-scale, fros front to rear, grouped
in blocks of four sessions. The (first nine units
;ofronant the - 36 training sessions and the last six units
froprison€ the 24 sessions of omission training.

Pigure 6 shows SC scores; Pigure 7 shovs the sane
scores as in Figure 6 but this time as vieved fros the
oppositc direction, 4in order to see sosf of the scores that
vers hidden in Pigure 6., Trigure 8 shovs BC group scores
:pd\ Pigure 9 shows the sane scores as in Figure 8 but as
vieved from the opposite 1?:002195. .
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FIGUBE 6. Thres-dimensional tdLrosontation of the
tesporal partition of the SC group mean scores vwithin
trial for all sessions. The scores are presented on
the z scale, The highest score was 2,075. From
left to ,»right (x scale) are presented, in blocks of
tvo-second moments, the pre-CS pesriod (1 blocks) ,
the CS period (four blocks), the water presentation
period (four blocks), and the post=CS period (10
blocks) . Prom front to rear (y scale) are presented -
all 60 sessions, grouped in blocks of four seéessions.
The (first nine blocks represent the 36 training
sessions and the last six blocks represent the 24
" sessions of osission training. . ’ : N
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The rouult- ot this detailed "tonpo:ll-distcibutiod"
analysis qonorally confirlgd the results of the oa:lin:,
rough "period” analysis., No -tnti-ticai analysis vas done

/

on the scoros hecausse the visual presentation wvas found

sufficlient for the sske of /the present analysis, AI-o,'

r
only group ascores are pressnted because th‘ distribution of

the wscoras between uubjact- folloved the sane putﬁnrn as
their 4distribution in the pcriod analysis. /

BC q:oup SCOres wers greater than S8C group lCOt.l; at
all smsoments (2-sec, intervals) of the prz;cs ;nh cs
pnriodlé duriny the post=CS8 period, scores vere (uite
sisilar in both groups, except during omsission sessions.
During the pre-cs period, there was no dc@,ctablo increass
in scores in any of the tvo groups, but thers vwas a regular
increass of the uc qraup scoras anony blocks of trainingq
lnl-iona, at each of’ tpy tyn two-gec, blocks. During the
cs poriod, A goul-qradiant pattern of :euponwos appeared in
both groups and paersisted through the end of the
expsrisent. During thy post-Cs8 period, RC group scores
increased rapidly to a maxiaus and then decresased
regqularly throughout the rest of the post~C3 period, -
However, the decraesss of the scores tended to be sore and
more rapid 3ysr sessions, 8C group mcoresn tc;louod the
_Bane plttc:n oxcopt that the oscores wers alreoady at thelir
maxisus at the bnqinninq ot the pontbcﬂ puriod. In both
groups, st tho &nd 0of the post~CH pariod, tho 8COores vere

at the same 14@-1 s at the boqinuinq of the pre~Cs paziod.
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The omission jprocedure affected RC group posi-cs

scores more thas 5C group scores. It must Dbe notud,

]

'houove:, that :o-pondan during the post—cs poriod occurred

only on trials vhen 15 vas presented. Thus,high rates of

response dutiéq/ the C3 period in RC group preventsd IS to

\appoa:, a lov rate of responding during the C8 period 4in SC
group alloved sore presentations of 15 (see riqqtd 2, @,

; It 1-vthon to be expected that th¢/901t~ca scores would be

i;:o affected in RC group than ih 8C ‘group., HWhen laqupql

at RC group scores from the rear (Figure 9), the effect of

/
the introduction of the osmission procedure is seen clearly.,

All scores, fros the begyinning of the pre~C3 period to the
end  of the C8 pariod, decressed considerably withip the
first four sessions of onission procedurs (slock 10 ‘of

sessions). Host of that decrease occurred immediatly, on

'thﬂ/vory first semsion of omission training, as has been

slready shown (ses Figure 2). However, after that

ssediate dacrease, the scores decreased very 1@ktlo durin?

the folloving sessions.

, Discussion
5
The testlts of the 8C group deaonstrated th,t auto~

shaping (stable operant responding with response~. .

independent CS-contingent reinforcesent) can he achieved in
the tat Aif the C5 and the sanipulandum are the same
stisulus object. The CB8:1I8 contingency thus appears to
have been sufficient to instigate vhat appears in all

respects fo be an instrusental approach-contact response,
( , ,
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Even if there oxi-ta& a de (facto, instrumental (R3IS)
contingency after responding had begun, the (S8:1IS
contingency must still be considered sufficient for
inetigqating the 4initial responses made before the R:IS
contingency could have acquired any great strength,

A cosparison of the RC group Jith the 3C group during

the 36 acquisition training sessions 4indicates that the

superimposition of . the explicit R:IS contingency on the
C831I8 contingency produced a substahtially higher rate of
tesponse in the BC group, HKowever, the tvo groups 444 not
differ significantly in the p:obibility of making st  least )
one’ to'p?plﬂ during the C8 period, This sugyests that

““-probability of amaking an approach-contact response in

relation to the CS-manipulandum is detersined primarily by
the C5:15 contingency; what the R:I5 contingency adds is
80 4increaso in the rate of :npond}ng. “This suggestion is
supported by the results of the omission~-training rossiog;/7
| / e
The omission procedure (CSsH:I8) roduced the rate of
responding, especially in the gC group, but failed ¢o
produce total 9xtiﬂction ot ‘the response ff might be
sxpected to occur in the absence of the 5318 contingency .
The nffact of oniusion training on number~of-trial scores
is sore surprising, Even ' if the 4introduction of 6 the
onission procedure pioductd & greater alteration Iin
ontingencies in KC group (from cS5:Ri18, to  C31¥i1s)

compared to the 3C group (from C3sI3 to CBsWs15), the

perforsance in e group seenms té be less affected than

!
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i
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pecformance 4ip S8C yroup, as revealed by gho absence of any
significant decrease in nusber-of-trial scores during
osission training vhilo perforsance in SC /qroup vas
siqniticantly lover at tho end of osission t:nining than at
the ond4 of acquiniﬁion training, In other vords,
tesinstance to oninsdon training is greater in BC q:oup/than
in 8C group as judgod/by trinl.ncozos vhile it is lover as

judged by rate scores. It would appoar that thers were

two componsats to | the oblorvcd Tesponse rates, one

detersined by the cs:{s continqonQy that vas common to the
tvo groups, and /tho other (dat-tlinod by the 3;13

contingency vhich vu-;etronqcr inftho BRC qrédb than - in sc’
group; / the 441snpp¢a:oncc of _BsIS contingency during

osission training imnedistely reducdd responses rates,
But higher resistance +to osission in probability of
responding (trial scores) reveals the C5315 comtingency had
[} ptrogqer influence in the B¢ qro&p than in 8C qroup.

The post-185 buqut of responsas, tound in rats 104 and
505, At a2 xoment whin the 1nt§:yal to the next IS
preseantation is the longest, and atéa soment ub;n the panel
is not illuninatﬂx, #urely cannot 'be interpreted as an
nntL;ipatory ﬁLsponainq. Also, _ the sisilarity of the
post~-13 responding pattern 4in these Quo rats shovs that 'it
is  not an  outcome of any dit%otonc; batvesn the two
training procedures, Post=~-18 rcnpoqdinq occuzrred only on
Yraintorced# triqls.‘ Thus such :ouﬁondinq cbduld represent

s continustion of (the uncanditiondd response (licking)

sfter the resovsl of 15, Biuchk n:cantinuation of UR has

¢
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‘besn reported by Shapird (1960) in the salivary response of

doys, accompanying a lov?r-p:njning‘toapon-c under a ¥I132
min.3 the rate of salivary responding vas at its bhighest
immediately after the p:osont;;ion of I8 (a £ood poi&ot),
then declined, and this period of lov responding wvas

followed by a gyradual —increase as the next :ointorronnt

approached. But even if there is a parallel betwsen thse

post=18 -salivary crssponse :0gortod by B8hapiro, and the _

panel approach~-contact responses of the present oxpn:ipont,

it would npot eoxplain vhy +the animals in our experisment

responiad on the panel. It is sore likely that the post-~

C8 zresponding 4in our expe:inent' is related to such

phenosena ss adjunctive behavior (¢alk, 1971), or smotional
induction (Seqgal, 1972), or interis activities (Staddon and
Sinnoihuq, 1971) , that generally apéuar after resoval of

" 18, -

Turn nov to the fundasental questions What il/it
nbout/tho inptrusental procedure that produces the higﬁor/
rate of cresponse (CSsRsIB) than the classical (C83IS)
procedure. The #ﬁtlﬁcpJ%COGQtﬁ and the CS:1RiIS proceduce
uswd in this axpa%inent vere quite similars 4in Dboth
procedures 15 was contingent updn 8. Also, 4in  both
proceduraesns, +the absence of 145 was contingent upon the
abssnce a; illumination of the panel. It has already been
found lthat, to be effsctive, the CB5iisS (11qbt:£ood)'
occasions (nxporigﬂca) must be coptrasted with either »a
“no-i;qht po~food? occasions (Jaszy £ Willisms, 1@71) or &

"pno=light 170u~£ood" occasions (Gamzu ¢ Schvartz, 1973); if
f

f
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the probability of gutting f£004 is the smane when the light
is OFP us vhen the light is ON, the C3-response will not
develop, or, 4if already developed, will extinqguish. The

WMain difference betveen the tvo procedures would spponr to

be 4in the requizop¢nt of a contact response Auring thc cs
period: I8 vas always presentsd in the classical p:ocodhro

(8C group), but was p:oncntod in the instrusental procedurs

only if a responss occurred during the CS period. In other .

vo:du,gwcszftﬂﬁ occasions were expsrienced only 4in the
instrumental procedurs, Thus the CS:H:TE occamions appeat
to be critical in dota:niﬂinq the higher tates of rasponh.
met in the RC group, even if they aro not essential 4in the
acquisition and maintendnco of the responss, ’ But/by vhat
sxact process might these C8:MTB occasions have their

effect is not claar froms the results of this sxperiment,
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/ EXPEBINENT 2.
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Exsperisent 1 showed that basizs of the greater

responding in BC group than 4s B8C group 4is probably

unrelated to the tcuporal-diatribution of responsss in a
trial,

ditference between the two conditions.

Where then should one look for ;ho basis of the
' Ope possibility is

that thi t¥o conditions Produced responses of -Aifferent

/degrese of precision, t nay be, for example, that rats

in 8C group responded, in mome sense, as such as  those . in

BC group but that their responses vers not sccurately
’ /
directed toward the C8 y@holj B0 that their responses were

not spatially accurately ‘enough directed at the pansl to be

The augyestion that the R3IS

countsd as responses.
contingency nay tosult 1in nore "discriminated® responses

vas implied in pindra (1972) And wag- suqgqyested by Lolordo,

épﬂillan apd uilm} (1974) ,» oThis idea wvas «xanined in the

sacond sxperiment, (

In. this expsrisent s nev sanipulandus was used to

: the . spatial distribution of responses, It
consisted of a larqger draweé with\tﬁ%o- pcna;a on its front
These pansls could be used a3 C5 (one st s <tine)
and could also r@yister separately the contact responses.,

nske At poasiblc to detérmine

* whether the 4llusination of one ot the panels constituted

\only s signal for initisting ﬂ.ﬁponal that would then be
;a auch directed on the other panels as op the CS 4$nolt or

vb»tbor the illusipstion of one of the plnaln sctually
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attracted responses that vouiijthcn be more directed on the

C8 panel than on the‘éthr panels, It was hypothosiﬁ’d

that the C8 would exercise no:c-ccnt:ol on lb group than on ;

8C group; this control would bo manifestsd in BC group by
higher means and lover variance in prqportion of responsish
on iha cs pun&l. ) o

T¥o naev control procaau;@s ware also introduced, The
first one consisted in the addition of a -randos control
group 4in order to aﬁuqqf the wifect of the presentation of
the illuminated panel ituelt and the affect of’ indopundent
occurpencas of CS and LS on acquisition of respousss. The
> “wecond control procwdure conwisted in the introduction of
J;q-aequiﬁition baa@lina sessions that were identical to the
tradining sesgions axcept thet no yanal was avysr 4lluminated,
I3 Was presoited vithout rasponse specification snd without
baing signaladi”' Tha gosl ot this control procsdure was to
Baky  wsure that the operation of the Arawsr or its were
presuncy Ain the vicinitx\qﬂ I35 414 not constituts another s
povsrtul anough to- persit acquieition ot responsus, In®

rdws to control for the etfects of +the pre-acquisition.

haseling  sawslons on  subsequent acquisition of regponse

duriny training sessions, enother pquad of animals vas
traingd, 4in . secoud phase of the oqu;inqgt, vithout the

pru-acquiaiti?n bageline sesbions,

g . ‘ : ) ) \
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The. subjects vwere 20 naive asle hooded rats veighing

~

245-255 /9. at the time of purchase. | They were .
individually housed and voré saintained at approxisately 80 | -
percent of their g4 libk. veight. Ten of thess 'nnilulf/ | : xi
couprised 3quald 1 and were used Ain 9@3;. 1 '?f the -
sxperiment (with haseline sessions); the :e:aining animals .
conpr?sﬁd Jquad 2 and ware uged in Phase 2 of the

‘ /
axperiment (vithout baselihc sessions) . ' o

The oxpariment was conducted in a Aifferent test .

B N S

chambur than the one used tor the tirst sxperiment. The —
iaat chambaz"(bafuyatta, No. 85000) was 30,5 cn long, 20.3

cy wido, and 19,7 <a high, . The north and gouth valls, ¢
made of Plexiglas, wera painted black, the vest wall vas |

1

covarad on the inside by a sheet of clear Plexiglas and on.

e ——— s et o

the outer Hurface hy a one=-vay qindou; and the eapt wall
Wss mude of stainless stesl, The tfoor, the celling ang
the hougelight were thé'aano a5 in the £irst experiment,
Thu‘tant“chanber wag dtself 3pla¢ed in a aauud-protactﬁg
apclosurs, A Ploxiglas window o the wall of the
anclosure pormit+ed the obgervation of the anisal through

the trapslucent wall of the taest chasber. A §0nttlutinq

* fan assyred yzopﬁr uir citculation and grantnd A qunsi-

upitﬁ noise of .76 4B (measured inside thn test chanber)

vqiah°»a»k04 the equipasnt sounds, . Automstic scheduling A
and :ac?:dipq vers., controlled by a ?et of logic {;dulés ‘ —
(8RE-Yoringer, series 100), s AT

° : 'J ' BT u/ . , T \f.,“ff




° The reinforcement draver, still located on the niddle
of the north vall (vith its center 38 mm from the £1o0Ix), )
vas different ihnn the one used in the first sxperiment.
Now, iho front panel of the drawer conxiutaa of three
roctaﬁqulgr (14 am lpnq by 25 mm high) copper Giro-qridt
placed on a white Plaxiglis support and bounded by a plack
frame, Each grid,panel could be 1ndopo;:;nt1y illusinated Q
by two lanps (28 VDC) located inside the draver; the.
luminance of each panal was 430 ng/." neasurad at a
distance of 5 cw from the front of the grid. The vater

delivaery mechanise was the same as in the tirgt experiment,

’

P Fa

Three -"drinkometer circuits (Grason Stadler Bu69bl-1)‘ /
vere co?nnctod independently on the three panels and were
used to neasure the contact responses on sach panel. A
fourth drinkometer circuit in tho' vater roceptacles was

used, as in the first experiment, to record consuaaatory

responses aJd to control the delivery of vater for the next

trials )
Rroceduxs \,

‘on  each of the tirsi tvo 5613 of the esxperiment, the
animals wvere individually handled and a ;vnd' to explore /

4tha\apparatus for 10 ainutes. On the two subseguant days,

[4
the aninals were trained to drink water from ths extended

AR

e
draver. This was done in the folloving vay: vhen the ~
aninal was put in the box, the drawer was alceady opsn and '

Q its hole full of water. After the animal discovered and
drank the vater, the drawer vas retracted guistly so 3s not /

\ e
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scare the uﬁinnl. Duration of vater presentations was

progresaively decreased to ¢ sec., und(‘rolcinod at that
vvluo throughout tﬁg experiment. A maximum of six

presentations of drawer (in two days) was sufficient to

train'all animals to <drink all the available ia?cr within 4

. . ~\
seconds. ' -
° The folloving . procedure vas folloved. for animals in

9h;su 1 (squad 1)‘ . nuring oiqht luccoajivt daily

spssions, thcy vere exposed to the complete nxporilcntal

pfocedurc except for thL presentation of ‘the CS- (p:u%
acquisition bk%olino sessions) This. lclns thut thoy
recoived during each. sossion ua proaontatldns of untcr on . a
VT (variablo—tiao) schedule regardless of thair bohavior.

During thu baseline sessions, the responses .were raecorded
S ¥

-
at the time vhen the CS would have been presented, that

is, huring thi)oight seconds preceding vater ptnsontation.
These 10 animals v.rc then randoaly diatributod into
threes groups, dosiquatc&~stinulus—contingent group (SO

group, ﬁ-n). a d-signated rosponso-continqont group (RC1

group, n-n). and l randon control group (axuu1 group, a=2).°

Three trgininq p:ocodures vere _uacd with the three
corrosbond{ng groups. The twvo first gioupa were as in the
ixpori;oit i V) stinulus—ésnfinqcnt {CS: IS}- training
procoduto (SCV group);: (2) rcspona.-contingnnt (CS:R:1S)
tr7ining prOCQQurn (RC1 q:oup). (3)randon couttol ptocodu:o
(RANDY group). .Bach anfual in the RAND gtoup received !8
pgossptati&ns of CS at the sane sxact nouonts,thtonghodl

ehéh s;saion as in the tvo .xpcpil.ntnl groups but IS were

N
~
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ptc:ant.d on a different- (rcndon) scheduie. 11 three
qtoupa vere trained with their rsapuctivg ptocodurl du:iqg"
16 sessions.

Bach daily session lasted 48 ain. and conaisted of 18,
‘trials. 16 with each of the left, cnnto:. and the right
panel 111u|1nutcd for eight seconds. In OJCh trinl. one
of the thr; pnn:ls w?s illuninated for cight nocon#s. ¢
‘Each panel vas illuainated 16 tinmes durinq u sgs:ipn. The
order of prtsontation vas rundonixsd botodt each scsaion
but all animals ;n each session received -the sany order ot
presentation. IS presentations (vater dcii;crits)u vere
identical to those in Experiment V. The lenglh of the ITI
"vas variable, the average being 44 sec., the shortest 28
8SeC., and the longcst 72 sec. Aft;r oach aossion. thp.
animal vas rntJrncd to- 1ts cage and, abont one hour: after,
vas given an anount of vatcrrgocdcd to -a;ntain the xo;q\t
at 80 percent of its ad lib. vciﬁht; \

the proaedure for the gniials in the second phase of
the experiment (Phase 2) ‘vas~~as follovs. They wvere
treated in the sane vay as the anisls in Phase 1; with the
axcop}idn that they were not given the ° eight pre-
acquisition obasolin. sessions, That is, 1nuodi@§}y after
the habituation period and ﬁravct training procodurcs,
'thcsc tats wvere ,randoaly diattibutad into ttnihing gronps
(scz, RC2, and Rlud;) and ttilning vas cnrtiod 1p tor 16
sossions. The animals in Phase 2 vere given the zume
order of proéintation at each cof:i‘/'sponding session ’u _lin,

s

the ani;nls of the first phase ot/t#uininqﬁg$$
. o

. =90-




/ Results : \

| riguro 10 shoys‘thu nean number of responses on the
cs g&nol in units of tvo-seconda (rate -ascores), and the
‘nulbct of trials on which thor& vas at least one response’
onctho CS panel (trial scores) for the bassline and
training s-;slons of SC1, RCY and RANDY groups (Phase 1)
and for the training '‘sesssions of 5C2, RC2, and RAND2Z
groups (Phuy; 2) . ) v B

Analyses of variance were carried out on tate scores
nn& on trial scores. The results of these analyses are
pros;ntod in Tables 16 to 25." The RAND1 and RAND2 groups
vera not included in the analyses, as th%y cdntiin.d. only
tvo \subjocts; referenices’ to RAND groups vill be based on,

v

individual results. )
Baseline sessions vere not effective in producing
approach and cgntact with pnnols- the response rates of all
three groups stayed n-atly Qquql at a rather low 1uv01.
Individual results {rigure 11) lhou that one animal in scH
group and onoranilal in BRCY growp ncqn@b.d/:apidly a higher
rate of rospons.. but all th? others htlyid\tt Pnnrly zero
level: Analysis of variance done on bazeline stlions
(Sessions x Groups) revealad no dittitnné-s between groups
or between sessions for either rate or trial scores (Tables
{ﬁ and 17).  Analyses of variaac‘ vor; also  perforaed on
baseline nnd traininq sosaions of Phase 1 (Blocks x
s.ssions x Groups, vith rcp-atcd measures on ~the titst tvo
factors) (Tables 18 and 19). The 2% sessions of Phase 1

) [
vere grouped in three blocks of eight so:aigns (Blpck 1

[ .
| . \
\ * —9 ‘-
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‘o ~basaline sessions; Block 2 and Block 3: training sessions). -

In eachf_analysia. a significant dit!crcpct vas found |
betvean blocks (rate scores: p < dl. trial scores: p < " ¢
+001) . ; The introduction of gja/iiihuinnt-d panel in Phase

|

1 sessions u:sA‘rcfloctod in all €hroo g:oups. The two

[
e T

animals in RANDY group shoucd‘thoir highest rate anaﬂ i:ial
scores at the i%ry first session of trninihg and then
decreased gradually during the remaining 15 aessions. “In
the two other groups, performance (rate and trial scores)
at the first training session were nearly the sane and “well
over performance of RAND! group. .
) Figure 10 shows that Cs rates staysd at ubout the
sana level throughout the traininq s.gaions for SC1 and RCY
\\ groups. ‘Animals in the second phase of traiﬁinq sessions
produced results siailar to those in thcltirat phase cicopt Py
for SC2 group. \nnnnz group remained ag a nonr-:oro “level
but without ;hn 1nitin1 higho: rgtcs of RlND\ group;

animals in RC2’ qroup\~iuc:oasod their pnrfﬁrlancp in a -\ \

—

siailar vay to those-in RCY group. . SC2 group behaved in a

° different way: starting at a .nr-zoro level, both rate and- .
\ ~
- trial scores increased roguln ly;up to the 'last scsstonf R

’ This trend is particularly .vidcnt 1n the ttiul scores, of

A

~sc2 group which attained the same asymptotic lnvtl as ‘pial \

scores of RC2 group. ‘ L ' S &
L ' In. order to conparo t&/)iosults bot!ucz,tho trtining .

sessions of the first phase of tf. experiment (SC1 and ncﬁ\\ . @
’ groups) vith the training sessions of the second phase (RC2

~ " and SC2 groups), & threw-way analysis of variance (Sessiocns . - ;}
¢
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) u&ua’n 10. Rntc and trial acores for the baseline and
training sessioops.of SCV, RCY, and RANDY groups
! (Phase 1) and for the training sessions of SC2; ncz.
and RAND2 groups (Phasze 2). .
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FIGURE ' 1%.  Individual results in uto? and trial scores l |
for the buseline and training sessions of SCY, RCY,
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x Phases x Groups) vhtn repeated measures on the first
factor was used. . Thoro vare 16 sessions .and four groups
n’stod in two pha:aa of training (Phaao 1T SC1 nnd RCY
groups; Phase 2: SC2 and RC2 gtoups)u No signlticlnt
difference was found ' bétween the tvo phases off training

sessions in rate ﬁnd trial scores {(Tables 20 and "21%).

- significant dQifferences betveen sassions vere found toi

each of the two analyses (p < .001) but an” iateraction

betwean Sessions and Phases (rate scores: p < .05; trial

- ¥ 3 . . .
scores: p < +001) indicates that these differences betveen

sessions could have been prasint only 1n~oni‘6f~thd'tvo

phases. Significant diftorcncos\botv.on\Qtoupa were found

in each analysis‘gtutc scores: p < «05; trial scores: p <
«0). Separate &nalyses of variance done on each phas.‘\

(SesQicns X Groyps) revealed significant diftoroncds \

betveen sossiona during Phase 2 for rate and trial scores
(g < .001) ‘but not in Phase 1 (rablos 22 to 25).

My initial intention was to calculate the ptopobtion
of responses on the Fs panel without regard to the location

of the CS =-- the partiéular panel iAlniinutod. However,

vhile inspecting the data, it soon becane evident that

there were strong patterns of pto!oruncc?. for one of the
tua side panels. . It _vas then \decided to Pato a
distinction, in the analysis of the spntial distribution of
response, between the trials with the. CJ on tho 1c£t panel,
the }ttials with the CS on the canter panel, and the trials
with the CS on tha right panel. ) aovovtt. 1t wvas then

revealed that these p:otoroncos could shitt fro: subject to

Y
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o’ » . subject and from session to session (see Table 26 for the

| distribution of side preferences for §Ach animal and for
ouch',session)., Phen calculating group naeans, these
p:aforencest canceled each other and at the same tiuol
obscured the effects of the protttonbosvtor the illuuinttnd!
panel, To rcn’dy this, it wvas a-ciﬁ0d‘to prupnr; a table
in which the -prafaerred panel, left or right, was put in the
sane column of the table. For exaample, y\cn in a given

session, the preference was already on “the left side,

nothing was changed; but " wvhen the preference was on the.

right side, the three totais for the left aiﬁt and the .-

_three totals for “the right side were interchanged.  The
total number bf responses for each Sf the three panels at
aach of the thrce typos of trials (corresponding to vhether

" the illuninatod panol vas 1e£t, center, or right) wvere then

, _|groupad 1n blocks of four sessions. This nethod made it
possible to isolate the effect of side - preference on the
disttibutionr;gt,resﬁonding. and to reveal any other otfcct‘

_ that might have been hidden by the effect of ' mide |
preference. ’ '
Figure 12 picsunts throt-#innnsionnl histogranss
showing Fhe total nunb‘r of responses, cv.tf&gd over
sessions, on each of the three panals for each of the three

types of triils. ) Each histogram contains nine blocks. 3

scale 'reptosonts. fron floor to ceiling, scores; x scnl.
represa&ts. froa left to tight. the 1ctt. the center and

e the right paﬁcls' and y scale repre nta. froi front to

roar. trials with ‘the CS on the right panel, trials' with

-
~
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/ , - _ )



tha CS on th.‘centarspanel. and tLinls with the CS on the
left panel. All group scores are presented in. blocks of
four sessions (on the x scale).

When perforaance 'is ‘'seen in /thc forn of these
histoqrals; remarkable differences are revealed b;tvocn the
response  scores obtained  froa ‘the present. spatial
distribution analysis and the rate scores and the trial
previously obtained. In the firat phase (SC1, RC1, RANDI
groups) of thcﬂ.xpatinént. vhile the CS scores showed a
érndual differentiation of SCY and RCY grbups, this
difforentiag}on wvas to be found“in histogram scores only on
the center \and r&qht (non-preferred) panels. Scores on
the left (prefaerred) panel wvers th, sane in both gtoups."
Also, the Tate ‘3cores and the trial séorcs showed that,
ovar sessions, responding increased in RC1 group but
decreased in SCV group. Histogram scores still showed
increased rgapbniinq over sossi9us in RCY qrgup, but only
on the left and center panel; scores on the right panel
renained at the sane level. In SCV group, decreased
responding (over sessions) wvas to be found only on the
‘center“ané right panels; perforsance ‘on  the 'left panel
;euained constant over the four blocks of sessions. Phase
2 groups (SC2, RC2, and RAND2) that vere given no baseline
aass}onsﬂ shoved aore ragular acquisition of responses,
particularly in SC2 group, vhere perforaance started froa
near-zero level. Thus the ditt-tnnc;s that were found in

rate. scores and t:#al scores betveen SC2 and RC2 group in

- e e
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FIGUR

3 , \ -
E 12. Three-dimenzional histogramss oghzﬁprca on each
t .

the CS on the right panel, trials with the CS on the

N

I N
v . o

of the three panels for each of the types of
trials, for the baseline and training blocks of
sessions of SC1, RCY, and RANDY groups (Phase 1) and
for the tralaning blocks of sessions of SC2, RC2, and
RARD2 groups (Phase 2). Bach histograa contains -
nine blocks -representing orea (x scale). rrom
left to right (x scale) are ;Eo:ontcd in order  the
left, the center and the right panels, and froa {roamt
to rear (y scale) are presented in order trials with
center panil. and trials with the CS - on the. left
panel. The blocks with the black top represent an

illusinated panel. ‘ / ‘

'd
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\ this anilysis'vas a four-wvay analysis of variance (Blocks x

s

the second phase of the exﬁirilentnverp found aéain. ani

°

this time, on each of the three pansels. . x
Baseline sessions (of Phase 1 of the experiient} aid

not show any systematic batiern of res&énse digtribution in‘ .

any of ‘the three ‘groups. An analysis of ‘variance vpé.

performed on baseline seésion5w1rable 27) « The design of ,

Trials x Panels)x Groups) with repeated measures an tﬁé
first4 thése=ﬂfactors. There were t;o Blocks of ' four
sessions, three triails, three panels ahd twvo groups (SC1
and RC1 groups) . /None of the factors was found-
significant. Perforaance of RAND1 groups stayed at a
near-zero level at all blocks of sessions, except at the
first.block of training sessions of Pﬁase’s, vhen scores on
all three CS panels were higher. These results are
consistent with rate and trial scores, which were at their
highest at the first session of Phase 1.

| An analysis of 'vatiancé vas perforsed on training
sess?ons for sC1, RCY1, SC2, and RC2 groups { Table 28?.
The design of this analysis \Las a'fiva-vay analysis of
variance (Blocks x Trials x Pan&ls x Phases x Groups) viti
repeated measures on the first threa'facths. There ve;e
four blocks of four sessions, three trials; three panels,
land( four groups nested in two phases of trﬁining (Phase 1:
SC1 and BC1 grbups; Phase 2: SC2 and écz groups) s As in
t/tie preceding analysis, RAND q‘lronpds.ofthe t\v(& phases of
the experisent wgfe not included in the nnalysi;.

) Do .

,éignificant differences vere found betvween Blocks of

°

'
-
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. sessionso(g < .001), Trials (p < .05), Panels (p < .0070),
’ &

and Grodps (p < .0S5) but not between Phases. ° significant
r

interactions were also found between Trials and Panels (p <

«01) and betveen Blocks, and Panels (p <’.05). These

results/confirn the existence_ of a étroﬂg interacéion
between Trials and Panelé, pointin§ to, the existence o;
tvwo different factors that could have controlled tye
Tesponse.

* Further analysis of-the Trials x Panels interaction
wvas done using the Newaan-Xeuls procedure. The pertineni

comparisons vwere (1) between the three panels at each

trial, (2) between the three trials for each panel and (3)

betvween the three illuninated‘wanels«(Table 31). At each

\

trial, significant pairwise comparisons between each pair’

of ' the three panels, were found. Significant pairvise
comparisons vere also found for each panel between the
three trials, except for the left panel betveen Trial 1 and

Trial 2 and for the center panel betwveen Trial 2 and Trialr

3. The pairvise comparisons betwveen pairs of the three

illuminated panels vwere all signlficant. Thu;, the
pattern of responses wvas inflnenced not only by the
location of the panels but alsL by the locatlon of the cs

J
panel, That is, subjects responded on the‘prefetred side
|

-ore vhen that sane side vas illu-inuted than vhen the non-.

preferred side wvas 111uninated. Subjects also responded

P

on the non-preferred side more when that same: side was
illuminated than _when the preferred side was illnlin-tad.

Analyses of vériance perforsmed during each ‘of the two

-

o
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phases (Blocks of sessions x Trials x‘Pansls x Groups, with
repeated measures on the first threé Eactots) revealaq on
the location of the different significant factors (Tables
29 and 30). The interaction between Trials and Panels was
found sign‘ificant only during Phase 1 (p < :05), while the
significant differences found between Groups and between
Blocks of sessions wvas found only during Phase 2 (p < .05).
" Observation of Figure 12 reveals that during Phase 1f the

average rate of response was about the same in SC1 group

~

~and in RC1 group at each of the four blocks of sessions; on

thg contrary, during Phase 2, there vas considerable
difference in speed of acquisition between the tv; groups;
in RC2 group, perfg;nance was asymptotic already at ?he

-

second block of Sessions ueile ihq SC2 group, performance

staf;éd from a near-zero level and increased gradually
during the Eour plocks of sessiomns. ., ]
The_absenpe of significant difference between the SC1
and RCY1 groups means that the average number of response on
all pagels ag all trials 1is about the same in the two
groups. . However,” the spatial distribution of these
respouseéy as raevealed in Figure 12, is differeat.

To be able to compare the two groups in the rslative

differences iq_résponding on' each panel for each of the

three types of ‘trials, proportion scores were caicplatod‘

/

for each group af each block of sessions at each of the two
phases. .M proportion score vas derived'froa the nuaber of
responses on a given panel at a giwen inpo of trials

divided by the ‘total number of gsSpon#es,on the three

hoa-
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‘histogram scores between Blocks of sessiors (p < .05),

7

,paﬂ&ls for -the three types of trials. In order to

stab?lize the vaf{ance of qﬂe proportion scores, an arcsin
tfansfoglatioq vas'used, as suggested by Wine (1971, p.
400). fBacauéé the arc proportion scores were calcuylated
for‘eaéﬁ Block‘of\sessions. then "any differences betveen
Blocks of sessiong{ did not mean diffetegées in response
rates but rather a épange‘}h the spatial " aistribution of

N ~

responsas over sessionss
quoa;c progortion ‘scores gr; presented if P;?ufe 13.
In Phase 2 6f the experileﬁfi the proportion scores vere
roughly the sanme in the two groups. Qpring the trayning,
sessions of Phasé.l. however, the arc proportion scores on
the 1left panel were greater in SC1 group than in RC1 group
vhile the arc proportion scores on the centgr panel and -on
the right panel vereg greater in RC1 group thaa in SC1
group. € ‘ ‘ S
Analyses of variance were perforquufn arc proportigﬂ
training scores. anrhe designs of/ these analyses vere
identical to the cprrespondinq designs us;d with the
histagra-‘scores. The gﬂaljsis of variance performed on
training sessions for éc1. 301; SC2, and RC2 groups (Table
32) confirsed ‘the si;nificant differences found in
Trials (p < .05), Panels (2 < .001), Groups (p < .05), anmd
the significant‘intetactionAhetv.en Trials and Panels (p <
+001). Tvo/othar significant interactions were £;veg}ed:
they wvere Panels x Groups (p < .0S) and Trials, Panels and"

Blocks of sessions (p < .05). The Newsan-Keuls procedure
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FIGURE 13..
scores (arcsin transformation) on each of the three
panels for each of the three types of ‘trials, for the

’ ‘training blocks of sessions of SC1 and RC! groups

(Phase 1) and for the-training blocks of sessions of
SC2 and RC2 groups (Phase 2). See. Pigure 12 for
more explanation. \ . e
. 3
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Three-dimensional histograsé of proportion -
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wvas again used to analyse éheo&ri&ls x Panels interaction
(Table 33); All pairwvise .c;;parisons vare found
significant except fgr;the center panel betwveen Trial 2 and
Tri;113. Nore revealing vere the results of analysés of
.v;tiapce éﬁrforned separately on each of the tvo‘phases.\

Contrary to what was found with histograna scotes: no
significant . differences were revealed in arc proportion
scores during Phase 2 Ibatueen. SC2 and RC2 grgﬁps and

;\Qeﬁveen Blocks of sessions .(Table 35). / This means that

thé\spaiial distribution of responses vas the same in the -

, two q;oups during acquisition of response, even if there
~ were la%?e differences in reSponsef;ates betveen the two
gtoups. \\. Hovever, during Phase 1. vhile there were no
: dxfferencT in histogram scores betvaen SC1 and RC1 group
and betugen Blocks of sassions{ a siquificant difference
vas foun in arc proportiou scores bh&vnen SC1 . and RC1
- groups [(p= < -.001) and betveen Bloéks of sessions (p ¥
.05)(ng&e BH); This means that there was a significant
difference in the spatial distribution of reéponses baetveen
the two groups, evei if there . was no significant
differences in response :ates betveen the tvo groups, and

that there vas: a significant evolution of "the spatial

" distribution of responses \1n SC1 and RC1 groups, even in

the absence of any -significant /bhange over Blocks of"

sessions in response rates.
In order to establish the nature of the significant
difterence betwveen the tuo groups of each of thJ two

phases. tests of siaple effects vere pc:forned botveon the

N
. . - r
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"the left panels and the scores on the two

¢

tvo gtoupé for each trial 6n each panel at each block of
sé;sions zrab{? 36). ThTse tests of simple effects
revealed that, during Phase 1, arc proportion scores on ghe
left panel, for .the three types ‘of trials, iero

significantly higher in SC1 group than in RC1 group while

the proportion of responses on the center and on the right -

panels, again for the three types of ttial;. vas
significantly higker ia &C1 group than in SC1 group. Th?t
is, sc1 gé&up proportion;lly responded more on the
preferred side th;n RC1 group while RCH group

ptoporsionally responded more on the non-preferred side

»

than SC gr$up. During Phase 2, most of the differences

vere not significant. .

-«

" observation of \Eigure 13 feveals that the evolution
over blocks of sessions of the spatial distribution of
responses was not similar in SC1 group and in RCH group.
For éxanple, in SC1 group, arc probé&tion scores fronm th;
left panel stayed at the same level or increased over
sessions while scores froa the canterrandrtho right panel
decreased; that is, the difference heivu;n the scores on
' other panels
increased over sessions; Concoaitant to this increase,
there was a decrease over sessions in the differences (N

1 ’ ‘EI’ .
between the score on the left panel‘at the trial with tre

cs}on the léft panel and the score on the left panel at the
/ .

.-~ trial with the Cs on Vhe right panel and (2) betwaen tﬁe

A

. ¢ : .
score on the right panel for the trial with the CS on the

tight panel and the score on the right panel for the tria%

g«{ L . l
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with the CS on the ieft panel. Thus there wvas in skl
group an increase in differoncef over sessioni between
scores on i?ft and right panels concomitant to a dJdecrease
in hifference‘over segsions betveen scores at each type of
tri;ls. In RC1 group, there was no such -pattern of
evolution. On the cdontrary, the arc proportion scores
vere about the same at each block of sessions for each
panel at each trial. Duriné Phase 2, evolution over
sessions in the distribution of rasﬁonses va§ about the
same in SC2 and RC2 groups. In each group, there was no
change over sessions in 1left and center panel arc
propoféion scores while there was a decrease in right panel
arc proportion scores. . ,

In order ‘to assess the significance of the
diffe#euces betveen Blocks of sessions, pairvise
couparisons were made betwveen biock; of sessions, for egch
trial and each panel aaong sc1 and Rc1\g:onps (Phase 1) and
a-on; SC2 and RC2 gréups (Phase 2) using the Newman-Kaeuls
procedure (Table 37). "In SC1 group, there was no

VA Iy o
significant Adifference between blocks of sessions in the

left pane;ﬁ vhen it was illuminated, but a significant

increase wvas found at the two other trials. 41l other arc.

' | L]
_proportion scores decreased significantly over| sessions.

In RCQ group, no differences between blocks of sess{ons
| . -

wvere found except for a slight hut significant decrease in

the tight illuminated pinel. During Phase 2, the

evolution of the arc propo:tiop scq;esl over blocks of

sessjions was about the same in SC2 and RC2 groups. It

, ‘ © =110-
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o ayst be remembered, howaver, that tharel vere significant

differencas in histograa scores betveen these two groups.
|

;7 In summary, there is strong evidence that §c1 and RC1
groups were different in the spatial distribution of their
responses. In both groups, the praference for a certain :
siﬁe vas stronqer than the preference for CS, but the ,
" pagnitude of the preference for a side was greater in SC?V {
group ‘thah in RC1 group, while. the wmsagnitude of the j
preferegce for CS \was “greatei in RCY group than in SCV ) -
group. Further, in sC1 group\ﬁye prefetoﬁée foq’ a ‘side
became stronger overt sessions, while in BRC1 group the
preference for a side remained the samae. ) riﬁaliy. the
preference for the CS, on both prafe;red and non-preferred
sides (Left and Right panels) decreased over sessions in
SC1 group wvhile it remained the same in &Cl group.
g ' /

Discussion /

Bageline sessions. The introduction of pre-

acquisition basalihe sessions for the animals in Phase 1 of

the experiment peramitted isolation of the effects of the
fpresen;ation of unsignalled IS. It was feared that the
mnovenent of the drauér. although preceding the presence of /
IS by only a fraction of a second, would constitute a CS
poverfull enough to perait acquisition of responses of

approaching and contacting the front part of the draver,

‘ ‘wvhere the three panels vere situated. Only one animal in
SC1 group acquired such a responss tendency. One animal
LT \3 .
{ -111-
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in RC1 group did show high rates of responses during the

first sessions but these rates wvare greatly reduced on the
last sessions of baseline. Thus, it can pe safely
concluded that the. operati?n of -the drawer 43id not

materially interfere vith  the presenLntion of the

illuninated panel on the front wall of the drawer. It

™~
seans that it take a nore inent aore precisel
| s ore proa (more p Y
defined in space and%tile)'cs like the illumination of the

panel to allqy acquisition of responses centered on the CS.

Y, K

- Though Fesponding ?@r@ not develop during baseliné
segsions. sdnjgﬁitent learning did tgke place, as becanme
evideﬂi vhen gﬁoup; of animals in Bhasp 1 were conéare&
with those in PPase 2 in respect to performance in \Ehe
training sessions. The data of Phase 1 revealed very
little i?crease in responding over the tra;ning sessions in
BC1 group and not at all in SCY group. On.the/conttary.
in Phasé 2, data reveatfd that -remarkable increases in
level of responding occurred in both groups. In other
words, the an#lnis ih Phase 1 showved cloQo to‘asyaptotig as
soon &s | ihe traiginq trials vwvere be&un, vhile the
performance of animals in Phase 2 improved gradually; even
RAND1 group, .during ths initial training sassionsr had a
higher performance ﬁh;n RAND2 gronp. Thus, during
baseline sessions, the éresentation £ IS, or the
cambination of the movement of ! the d; er and the
presentation of IS, in the absence of CS, p:i-itted a aore

rapid acquisition of responses during training sessions,

: -112-
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vhen the presentdtion of IS was precedgd by the
illuliqaﬁion of one of the panels.. * Presumably, the

animals in Phase 1 had already learned the contingency
L w -
between the opening of the drawer and water, so that,

during training.f they had only to ldarn the® CS:1IS

contingency.\ .

’

Bsndgl_ggnkxgl_axggg No«gt&bre level of responding

11111

developed in the rando- conttol @toups& indicating that the

independent prese tion of CS-(the illuainated panel) and

IS vere not sufficient for reﬁponse acquisition. The
FR LN

perforaance of the RAND1 and Rlﬁbﬁ'suhjocts shoved that the
use of a random contingency,be;w&en CS (illuminated panel)
and Is night'initially result in sgde fesponses directed at
the CS, but that these responses disappeared after a fev
sessions. 'Higher rates during the 1nitia1 -training
sessions in Phase 1, as conpatad to those in Phase 2. ;ay
ha;e ‘been caused. not omly by the novelty of the cs. but
also by its place-eqt\ in a location (the drawér) that

probably already had aqguir;d soae 1nc?nttvo value because

{

of its spatial proxiamity with IS. | ' A

‘ §C_and _BC_groups. the wmain finding of this
experinent is that the differemce in the 1level of[

.perforlance bety en SC group apd / RC group is . not in

tesponse sttenqth but in the spatial distribution of
responses. . ° ‘

This . conclusion is detived from the Qpatial
distributidn analysis of the results of éﬁase 1. and ¢to

some extent of Phase 2, of the exéeti-ent. Both SC1 and

-113- . ‘
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0 RCY gronps vere, at the begi ning of training, near their
asyuptotic Yevel of per{orlance. There vas no diffetenca N 4
be%reen the two groups in the nuaber of responses given on

o

the/ preferred side; only on the non-preferred sid& did RCY

/ JW , group shov higher performance.

P

< The results of  Phase 2> of tye experiment ware

‘ sonewhat differsant. RC2 grohp did not attain asynptofic
level as rapidly as RCY group but both groups were nearly
identical tovarp the end of the xtraiJing sessions. \

Hovever, SC2 group wvas very different than SC! group; the

e o

ra7e of acquisition‘of’écz group was auch: slower. ) Ihus.”

'SC2 and RC2 ‘groups were wmore difficult to compare in : ]

of
respact to _the spatial distributionAtheir response, since

3
' i
they vere at different levels of Yearning. ‘It is probable
AN “ | ¢
that, with more training sessions, SC2 . group would huxe 4
teached an asyaptote sxlilar to that of sCit group. . & 5
i

Tgé spatial distribution of the responsas seems to be .
under the control of two separate intoracting‘ factorél ’ ) i
The- fir§§ factor can be called a prefetence for one of t:he!-7
two side pansls (51de preferenca) and the second factor a ]
- preferancn for the CS panel (cf’preference). Pos&ibly. f" :
3 / these tvo\factors could, be- indices of two ,Leparate but -t !
Qinteracting prbcgsses.' . .o T |
The éide‘ preference aay he co;troLled solely by the .-
spatial layout of IS in relation to the draver. As it, is . ‘N

I
more difficult  for the /rat to climb over the draver to i \

‘ drink the water, it would prefer approaching ,the water

b receptacle from one, of the two sides of the drawer. ' It .

2

=118

- L T N A




M .
N ~
v, # e
Rladie* s C oy > e e AT D U SR e s e

may therefore 'be expected that, with training, the

-l
responses during CS presentation would become increasingly

-

more directad toward one of the two sides of the drawver;

¢
this is what wag found. ,

The CS preference may be controlled by the incentive
value sf/the CS. The incentive value of the CS would in
turg be controlled by the nature of the contingency between
CS and Ié; the stronger’ the contingency between CS and IS,
the stronger would be the incentive value of the CS. AS
noted before, the nature of the CS:R;I% contingency im RC
groﬁp would have the éonsequence of increasing the
incentaive value of the CS because the responée-requitenent
makes the observation of the CS:1IS contingenéy muck more
likely, for the animal must perform the response 1in
relation to the CS. As the CS:IS contingency would be
stronger in the éc group than in the ‘SC group, the stronger
incentive value of CS would counterbalance the influence of
the side preference mdre in RC group thanm in SC group.
Thus diffe;ences between éhe SC and BRC- groups may be

Q

plausibly attributed ¢to differences 1in the ﬁrelative

\
strengths of the incentive values of panels (or sides) and

the incentive value of the CS; tie incentive value of CS is’(

greater as a consequence of response-contingent training

than as a consegquence of stimulus—-contingent traininmng.
Lo

Q o
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GENERAL DISCUSSION

This discussion examines the main findings of the two
J

experiments in relation to the response-reinforcement and

incentive motivation princigles of learning outlined in the
introduction. . / )

Exéeri-ent 1 sﬂowed that the CS:IS contingeqcy (SC
group) was sufficient for acquisition of responses cent?red
on the CS panel. What the R:IS contingency (RC group)
added to the CS:17 contingency vwa ~yan increase in the
frequency of thé response. Frequency of response in RC
group vas greater than in SC group during training; the
effect of the omission procedure vas to reduce the

frequency of response in both groups, but the reduction wvas

greater ' with RC group. In order to reveal the basis of

the greater response frequghcy in the RC group, a temporal

distributi?n - analysis vas undertaken. Hovever, no
difference between SC and BC groups wvas found in the

teaporal distribution of responses. During training, the

; -

frequency of respbnse vas greater in the RC group at all
moments of a trial preceding the IS_preserntation. During
the onission;procedure, the rednctio§\§n response frequency
occured -at all aoments preceding and following IS
presentation. These results suggest that the temporal

distribution of respohses vas. not {nflnenced,diffefentially

by the CS:IS and R:IS contingencies. - Thus no clue to the

basis of the greater response frequency dgenerated by the

-116-
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R:IS contingéncy could be found in the temporal
distribution analeis.

Experiment 2l explored further the difference in
frequency of response between SC and RC group and “produced
some strong evidence that it could be thq*lanifestation of

/
a different spatial partition of responses. Two factors

" were found to control thg spatial distribq&ion of response

in the experimental environment that was used: the first,
and stronger one, vas called side preference; it had the
effect of dinécting the approach response toward oneq;f the
tvb corners of the front part of the draver. It appeared
that the side preference vas'detrtlined by the closeness-of
the corners of the draver to the water delivery hole. The
second factor was called CS preference; it had t;e effect
of directin# the responses toward the panel that was
illuminated -- that served as CS in a given trial. It wvas
evident that the CS° preference vas detérlined by the
contingency between the illuiinat;on of the panels and IS
(Cs:19) . At the asymptote level éf perforlancé, the side
preferen;e vas found strongetrin SC group than in RC group,
and the CS preference was strbnget in RC group than in SC
group. Thg fact thai the C; preference vas stromger in RC
group was interpreted as the manifestation of‘ihe greater
strength of CS:IS contingency. The hlsis of the greater

-

strengCh of CsS:IS contlugency in BRC gtoup presumably lies
in the requirement of a dra'er-centerad response (Rz1IS
cbntingenc}), vhich nmust have increased the ‘probability

»

that the iniral vould have observed the CS whenever IS 'was

-117-
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presented. It was also found that.the CS preference
decreased ovel training sessions in both SC and RC groups,

vhile the side preference was maintained or-increased.

Besponse-reinforcement principle )
/ The results of the present study do not support the

response-reinforcement principle. In experiment t1,one of
the main difficulties vas the discrepancy between the
concept of an instrumental response as an efficient action
to produce a certain outcome, and the behavior observed
under the instrusental procedur§ (R:IS) in this experiment.

The rate of response in-RC group was well over the one
response (during the B-sec.CS period) that was rgguired for
réinforceiént. Moreover, the RC Group msade many more
;fespoases before the illumination of the grid panel, that
is, during the 20-sec. bre~cs period. Further, and this
is wmore importaat, this "goal-gradient” pattern of
responding (see . Pigure 2) ipcreased slovly over sessions;
in other words, "instrumental tesponding'/ became more

indiscriminate as training progressede Pinally, while the

asymptote of the probability of occurremce of a response’

during CS was attained around the 16th session, the rate of

respoLse continued to increase even without a concomitant
increase in reinforcement probabili?y. . #illiams (1966) has
reported that rats would continue to increase their speed
of vhéél—rnnning even vwvhen more rapid running did not
produce more reinfbrcelént. .In exp;rilent 2; one of the

maina diffic#lties concerns the interpretation of the

acquisition of side preference, Iddeed, there’ was an

v
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o ~ increase in side preference throu?h training sessions.

So, it can be said that the responses that vere given on
one of the two side panels vere reinforced, so that their ' :

probability of occurrence increased wvith training. But

shisiatiiniid

then, following the response-reinfordeient principle, side
preference should have been stronger, in RC group, in which i
!

the R:IS contingency wvas the strongest. But side

preference vas found to be clearly stronger in SC group, in

teras of the amount of difference betveen the preferred

side and the non—preferred side, as well as in teras of tée
rate of'developgent of the preference.ﬁ
Further, CS preference, indicated by approach and

contict with the illuminated panel, is ,also difficult ¢to

gxplain in terms éf the~response-:einforcelent principle.

The first respomnses on the illumipnated panel n-ay well Dbe

explained in terléAof accidental contécts ui:&*ﬁs while the

rat approached the wvater receptacle. Since the CS

preference was stronger .in RC group tham in éc group; it .

would appear plauéible to argue that the R:IS contingency

2ay have played an important role in the development of )| CS )

preference. But then, ) following the gesponse— \ /

reinforcement principle, if the respo;ses Sn the CS panel

vere reinforced, there syould have been an increase of the

CS preférencé over sessions. However, in fact, the C5

preference vas at_maxiun- during the first s?ssions, and ,
é there wvas a regular and slow ﬁécrease of the CS preference

2 A}

over training sessions im both graups! -

-




Pinally,if the respohse-reinforcenaent principle
'cannot explain sepﬁrately the side preféténce“ or the CS
preference, ﬁurely it .cannot explain bqth of them at the
Same time. Hov can it be possible that the saae
reinforcer (water presentation) would increaée the
probability of occurrence of the side preferenie and at the
same time decrease the probabllxt; of occurrence of the CS
preéerence. Perhaps an' explanatioh in terms of two
different factors may account for the results; the R:IS
contingency could be %esyonsibie for the side preference

and the CS:IS cgntingency could be responsible for the CS

preference. Howvever, it 'has already been showvn that; ‘the
. : |

R:IS contingency could not explain adequately either the

side prefétence or the cs preference. }There is no vway
then t¢ use a tuo-factdéfexplhnafion. involving the BR:IS
contingency as one of the two factors.

Eveﬁ if the response—feinforcer principle does not

i r

account for some of the present results, the R:IS

contingency can still be,qonside:ed as a possible cqnéonent-

of any total explanation of the results. It is obvious

S

that the differences in performance betyeen the tvo groups
have to be explained in terms of the only difference in
<i?ptocedu}e between the SC ;roup aéd the BRC group, that is,
b! the’ differemce in- response Fequiren&nt. — This
" difference in re;ponse requirement between the gﬁo groups
céplﬂ not h;ve been a factor on trials on which the anilai
responded becadse in both groups raesponses vere followed by

uater presahtation. Oniy when the animal did not respond

| ' _120- ]
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Vo .
during CS preséntation was there 'a differencef in the

operative confingqpcies..between the two groups: in gc
group;, vater was é;eéented (CS:R:IS) while in RC group
water was not presented (CS:F:Tg). ’Thus, gerfornanéé was
stronger .in RC group tkhkan in sé group because ofefhe
. j
presence of the Cs:§{f§‘qontid§ency.
Igcggtivg-ig;ivgtigg ggigciglg ‘ ‘
The_ incentive-motivation principle may be stated as
follows: (1{ CS:1S contingencies are snfficient to account

-

for . the acquisition of new responses. (2) The animal

°

responds at a’'given moment in relation to the 'feature of -

the environment that has acquired the highest relative

! ! AN
incentive value tbrough‘its contingency with IS, 'a{snling
tgat IS itself is not present. According to this, there
were two relevant CS:IS contingencies in the experimental
situation of the Second experiment: (1) the movement of the
draver that immediatly preceded water presentation (D:IS
contingency! and- (2) the illumination of the panel that
also preceded water presentation (éS:IS contin?enpy).

s

It is doubtful that acqui?ition of the side
preference is related as  such to ihe D:IS contingency,
because, if it were 'so0, side préfereiée vonld'have been
acgqguired immediatly du;iﬁg baseline sessions, wheﬁ the D;Is
contingency was preée;t in the éituagion, but this did not
happen. In factg_yhé movement of the drawer announced the
immediate avaibility of water; this meant that a much more
poverful incentive stimulus than the drawer itself was

- . \
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present immediatly after the movement of the drawer. It

is probable that the only response . produced by ‘the D:IS

contingency wvas the Approach toward the water receptacls.
Thus both the acguisition- of\ side preférence and  thke
acquisition of CS ' preference vere related to the CS:IS
contingency rather than to the p:IS contingency.

To be plausible, an explanation-in teras of the CS:IS
contingency should ansver tEree questions: (1) Why 'were

JLesponses centéred on the CS, panel and other responses

centeéred on one of the two side pang}s? - {(2) Why did Cs.

. -

%reference decrease over sessions While §i&e’breference
increased? (3) ﬁhy was CS prefarencé greater in BRC group
than in SC group, vhilé side preference vas greater in SC
group than in RC group? Within the general framework of
the incentive-motivation principle, these three questions
may be answvered as follous. The animals first- learned the
C5:1IS aaontlngency, Plch resulted in respoanses centered on
the CS (the illuminated panel). Then, as the animals took
the ' proper \position toizeach fie wvater receptacle as soon
as the drawver moved, the respon#es‘ got displaced to the

’

side panEls. The R:IS coantingency had the effect of

)

'1ncrea51ng the incentive value of the illuminated panel,
¥

qlving lore time allocation to the: CS panel and therefore

less time allocation to the side panels (when they were not

theaselves CS). In SC group, iher4 the illuminated panel

had a 1ess§r incentive value, because of the absence of the

—

R:IS .contingency, there vas less time allocation to the CS

v -122-




panel and therefore | more time allocatéon xto the side
panels.

The hypothesis that led to the second exéerilent was
that the R:IS contingency would lead to greater érbcision
of Csfcentered. responses by the group vhere the R:IS
coniingency vas stronger,'éhat is, by RC groyp. The
results of the second experiment confirmed this hypothesis,
in the sense fhat BC group showed greater precision of
response in teras oé’cs preference. _The greater érecision
in side preference found in SC grqup does not weaken the
hypothesis but on ’the contrary can ‘be explained by using
the same hypothesis: the 1lesser incentive value of t;e
illuminated . panel in SC group allowved greater time
allocation for the -anifestafion of the side preference.

It now appears appropriate to elaborate this hypothesis

further and to arrange direct tests of its implications.

o
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’ Table 2

Three—-vay Analysis of Variance with Repeadated Measures
'on Mean Rate Scores for Groups SC and RC
during the ITI Period

Source u::n Square Degrees of F
, / ) Freedonm
MEAN ' fM.7401 1 9.1236%
B:Blocks .0U412 b 1.506
' G:Groups .8950 1 4.6926
S (B) :Sessions (Blocks) .0052 55 «9565
s (G) :subjects (Groups) «1907 6 *
BG “ .0273 4 .7634
SG(8) n .0065 55 1.1786
Bs (G) .0358 24
Ss (BG) .0055 330 /
\
* p < .05 -




Table 3

Three-way Analysis of Variance with Repeated Measures
on Mean Rate Scores for Groups SC and RC
- during the pre-CS Period

[

Source Mean Square Degrees of F
0 Freedon
MEAN 9.6002 1 10.0110%*
B:Blocks 1.0649 : 4 4.0299=%
G:Groups - ’ - 4.4705 [ 1 4.6617
S {(B) :Sessions (Blocks) . 0162 55 .07418
s(G) :subjects (Groups) .959 B
BG ) ’ .615 L4 2.32Z3
£ 4

SG (B) L0232 4 . 55 1.0598
BS (G) . 2642 Ozu j
Ss (BG) . .0219 330 .
* p <.05
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- Table &4

| 4

Pairwvise Differences between Mean Rate Scores Among, Blocks

: during the pre-CS Period, ¢
Tested with thé Newman-Keuls Procedure

2

_BS B4 B1 B2 B3
\‘\
BS .0141  © .0522  .150 -2498
BY .0381 .136 *.2357
B1 .0979 + .1976
I
B2 .0997
BB ! + -
)
S_ .=, .0525 r = 2 3 4 5
B\
. s_q  (c,6) = .275 4332 . .369 .397
B 001 N . /
s. 4 (r,6) = .182 .228 .257_ .278
B .05 -
\ )
§ -
s /
L] 14
@ , ~
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. Table 5
]
Three-wvay Analyszs of Varlancé with Repeated HMeasures
4 on Mean Rate Scores for Groups SC and RC I
during the CS Period )
J
i
Source | - Mean Square Degrees of_ F
/ Preedon
-+
MEAN 275.0831 1 14.3965%#
f
B:Blocks [ -21.6486 4 7.727?**
G:Groups 108.0788 1 5.6563
S (B) : Sessions (Blocks) . 1684 55 2.3884%%
s(G) :subjects (Groups) 19.1076 * 6 "
BG 9.4353 4 3.368 *
SG (B) | %1296 55 1.8387%%
Bs(6) . 2.8015 24
Ss (BG) - .07?5 330 °
o
—— -
*p < .05, #* p < .01
o ;
J : \
-

€
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Table 6 x

&

Pairvise Differences between Mean Rate Scores Among Blocks
during the CS Periogd,

Tested with the Newman-Keuls Procedure 4
BS B1 B4 B2 B3
BS .0125 . 17427 .7911% 1.0228%
B1 . .16182 .7787% 1.0104% /
BY , .6169% .8485¢ -
82 ' o T N .2317
" B3
| . %
!/
s. = .1708 r = 2 3 8 s,
B |
S_ g (c,6) = .895 1.081 1.201 1.291
B .01 . .
s_ gq (c,6) = 591 <201 .837 .905
B .05
- [
* p < o5 ’ '
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Table 7

Palrvlse Differences between ‘Mean Rate Scores Among Blocks
for Group SC during the CS Period,
Tested with the Newman-Keuls Procedure

B5 BY B1 B3 B2
B5 .0884 .3178 _ .3557 .4394
BY e 2298 .2673 .351
B1 . T .0379 .1216
B3 .0837
/ B2 ’
: ]
S_ = .2416 r = 2 3 4 5
- . : .
s_ q (£,6) = 1.226 1.53 1.7 1.826
B .01 '
S_ g (£,6) = .836 1.049 1.184 1.282
B .05 \
’ ! .
- 4
m —
\ —
! {
‘ %
v )
{ ; \ . [ .
L . .
- :‘m‘ ,
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Table 8

]

!

Pairvise Differences between Mean Rate Scores Among Blocks

' for Group BC during the CS Period,
Tested with the Newman—-Keuls Procedure

’

/ _l
W |
B1 B5 BA4 B2 B3
. [ ’
B1 « 0966 «3614 1.2394% 1.2913%
BS «2912 1.1428= 1.6947%
B4 «878% 1.4299% .
B2 NGB «5519
, l
B3 o
‘ /
{ |
S. = .2416 r = 2 3 4 S
B S
S_ q {r,6) = 1. 266 1.53 1.7 1.826
B .01 ) :
S_q (r,6) = . . 836 1.049 1.184 1.282
B .05 a
* p < .05 /
/ f / _
\ N ‘ )
- .
. \ - B

L SN,
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\ 4able 9 _ ;

Test on Mean Rate Scores between Groups among Blocks
during the CS Period using Student's Procedure /

Block df - t

| [
] |
1 ‘ . 6 .6533 _ ]
2 6 ! 2.488 * .
3 6 " 3,762 **
y 6 . 1.449 |
5 6 1.0885 é
-
SSw = 114.649 . ’
ssb = 57.23/ :
-

* p < .05, ** p < .01

|
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Table 10

Three-way Analysis of Variance with Repeated Measures
on He¢an BRate Scores for Groups SC and RC

during the post-CS Petioi

¥ A

A
J \
gr#Source Mean Square Degregs\of 4 o
Freedon \
I/ -
MEAN 55.93 1 , 3.1046
. -
B:Blocks 3.7817 4 2.0107
G:Groups - «0125 1 ‘.0007
) /
S (B) : Sessions (Blocdks) .2003 55 1.6076%*
s{G) :subjects (Groups) 18.0151 )
BG +1533 _ 4 .0815
SG (B) '.0581 55 .4663
!
Bs (G) 1.8808 238
Ss (BG) ' .1246 330 _
*# p < .01 - K

1 r

\
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0 ) . Table 11 .

Three-vay Analysis of Variance with Repeated Neasures
on Mean Scores for Groups SC and RC

/ during the CS Period
»
{ S, _
-, Source Bean Square Degrees of F
. Freedon
{
\ ) -
4 ) ‘
HEAN | 17302.53 1 29.6165%s
B:Blocks . 850.0881 4 11.6706%%
G:Greups 3657.552 1 S 2,29
S(B) :Sessions (Blocks) 16.6855 55 } 2.4826%%
s (G):subjects (Groups) 1597.168 6
B6 . 109.7126 4 " 1.5067
SG (B} ' 9.9398 §J” ° 1.4551%
Bs (6) * 72.815 24
Ss (BG) . 6.8309 © 330
{ ¢ T :
* p <[.05 %% p < .01 N
= \\\ /
N I /zﬁ.
N @ . v * . )
L)
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Table 12 |

b

v &y o
Pairwvwise Differences betweern HMean Trial Scores Among Blocks
during the CS Period, o
Tested with the Newman—-Keuls Procedure
1 ¥
b

: BS B1 B4 B3 B2
! ! LY
BS 1.69 . 2:65 6.55%% 6. puke
- LA
B1 \96 - u.86% . B, 95% j
, BY . k '3.9%.  3.99% &)
\
B3 ‘ A ' o 009
82 ° b !
[ !
! \ .
's_ = .8709 r = 2 3 4 , 5 \
B ) . .
s_q (c.,6) = 4.564 ' 5.513  6.122  6.584
B .01 ' “
S_q (r,6) = 3.013  3.78 8.267  u.624 [
B .05 . o

b

* B < 0051 *% 2 (Y.O“ o
— L]
\ {
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Table 13

RN

Pairwise Differences between Mean Trial Scores Among Blocks
for Group SC during the CS Period,
Tested with the Newman-Keuls Procedure

BS | BU B1 B3. B2
Bg ° 2.7917 4,375 7.4792%  7.75%
B4 1.5833 4,6875 4,9583
B1 / 3.1042 "3.375
<B3 - .2708
B2
\
S_. = 1.2317 r = 2 3 m 5
B
S_ g (c,6) = _6%“50 7.797 8.659 9.311/
B .01 ¥
!
S_ g (r,6) = 4.262 5.346 6.035 6.54
B .05
5
-
* p < .05

T

i
A
{
o
i
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O Table 14 1

Pairwise Differences between Mean Trial Scores among Blocks
- for Group RC during the CS Period,
Tested with the Newman-Keuls Procedure

’ /

&Y -
B1 BS B4 B2 B3
B1 .9791 3.5 6.5208% © 6.6041%
BS 2.5209 5.5417 5.625
o
il BY4 3.0208 3. 1041
B2 , .0833
53 . »
s. = 1.2317 r = 2 3 m 5
B P
\
S_ g (c,6) = 6. 450 7.797 8.659 9.311
B .01 , |
S_ g (c,6) = 4,262 5.346 6.035 6,54
B .05 :

/ _ . =144 | ' €>’
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Table 15

Test on Mean Trial Scores between Groups asong Blocks
during the CS Period using Student’s Procedure

\\

Block af t
‘ 1 6 5304 -
2 6 AR 10323“
3 6 1.4127
4 6 1.8118
5 6 1.8801
/r N
Ssw__= 9583.008

~3




Table 16

Two-way Analysis of Variance wvith Repeated Measures
on Rate Scores for SC and RC Groups N
during Baseline Sessions of Phase 1 :

' f

m
j -~
i
«
" Source #ean Square Degrees of P '
Freedonm
J
-
MEAN 1.777 1 : 2,692
SESSIONS 0.070 7 1.173 -
GROUPS 0.070 1 0.106
subjects (G) 0.660 6 /
SG 0.397 7 0.661
Ss (G) . 42

0.601

P

PR PR R N
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O Table 217

Two-way Analysls of Vvariance with Repeated Measures
on Trial Scores for SC and RC Groups \
during Baseline Sessions of Phase 1

source Mean Sguare Degrees of 4

Freedom . !
MEAN 3094, 141 1 4,749
SESSIONS 54,062 7 1.227
GROUPS . 0.391 1 0.0006
/subjects (G) /651.599 6
; {
56 11. 605 7 0.2633
Ss (G) . 44,074 C 42

* i . : . U
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Table 18

Three-uay,}nalysis of variance with Repeated Measures
on' Rate Scores for SC1 and RC1 Groups
during Baseline Sessions and Training Sessions of Fhase 1

Source A f Mean Square Degrees of QQ
Q Preedoa
N : f
MEAN | 61.706 1 D% 20.730%%
BLOCKS ' 7.738" | 2 9.295
GROUPS 3.37; 1 1.133 °
SESSIONS (B) 0.051 . 21 0.835 .
subjects(G)\ [~ 2.977 6 /
BG : 1.189 6 1,428
GS (B) ' " 0.037 21 0.510
Bs (G) ! g 0.832 12
Ss (BG) A 0.062 126
-
s p < ,01
F s |
. ! ' ,
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O Table 19

Three-way Analysis of Variance with Repeated Measures
on Trial Scores for SC1 and RC1 Groups
during Baseline Sessions %pd Training Sessions of Phase 1

«

. -
' |
T ) J
Source Mean Square Degrees of F
T Freedos
BEAN , - 98237.750 1 " 87.087¢%x%
BLOCKS 11902.720 2 28.833%%=%
!
GROUPS 4770.047 1 4.229
SESSIONS (B) 34.589 21 1.062
subjects (G) 1128.039 6
BG 1490.205 6 3.640
GS({B) 25.36 21 , 0.778
) B8 (G) 409,347 12
ss(BG) | 32.557 126

5% P < 001

&




Table 20
) e

' v
Three-vay Analysis of Variance with Repeated Measures
on Rate Scores for SC and RC Groups
during Training Sessions of Phase 1 and
Training Sessions of Phase 2

/

o N .

J l g IJ'

Source ) Bean Square Dedgrees of P
{ freedon
gEAN 128.520 1 43.667%s
SESSIONS ' 0.224 15 3.370%%+
PHASES 0.876 1 0.298
GROUPS (P) / 12.470 2 4,237
sp 0.124 15 1,873%
subjects (GP) 2.943 12
SG (P) 0.096 30 1.450
|

S8 (GP) 0.066 180

$ p < .05 ##% p 2001 -
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Table 21

Three-way Analysis of variance viih‘nepeafad Neasures

on Trial Scores for SC and RC Groups:
during Training Skssions of Phase 1 and

Training Sessions of Phase 2

Source Mean Square Degrees of F

\ Freedom
\ /
HEAN : #  219082.500 1 184. 13648+
SESSIONS ' 118.421 15 3.427%%s
PHASES : 368. 160 } 1 0.309
GROUPS (P) 8629.418 2 7.253%%
se S 119.627 15 13,4628
subjects (GP) 1189.786 12
SG (P) | 66.082 30 1.970%%
S8 (GP) ‘ 34,558 180

#% p < .01, ##% p < 001

| /
i
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Table 22

> : ;

Two~way Analysis of Variance with Repeated Measures

on Rate.Scores for SC and RC Groups
during Training Sessions of Phase 1

.

[

Source Mean Square Degrees of F
Preedona
/’I -
MEAN = 75.310 1 21.779%»
SESSIONS 0.045 15 0.487 7
GROUPS 4,253 S / 1.230 i
\ - H
subjects (G) _ 3.458 6 i
{
SG ] 0. 121 15 1.296
S8 (G) ‘ . 0.930 - 90 . |
. L ] |
- T
=% P < 001 N v
!
N 4
t ¢ ! |
° /
‘ - 1
L] 4’.1 '
! L o .
. -352~ . / v ‘ o
- ! ‘/ - N ’ : ,
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° Table 23 !
\
Two-way Analysis of Variance with Rﬁpaated Heasures -
on Trial Scores for $C and RC Groups : .

dutinq/Traininq Sessions of Phase 1

Source ‘Mean Square = Degrees of ’ F I
FPreedoa
— |
MEAN 5736382. 1 . 4.759
52 7
SESSIONS 43124.68 15 1.98“
GROUPS \ 15ib(.55 1 0.013
subjects (G) 1205373. 6 (\r
.
5G / 12149.42 15 0.474
Ss(criﬁ v 25612.72 90.
- | 1
/ ,
. ( {
Y / *
| ,
/
- | .
}[’ /_ -~
¥ ’ / //
- A
o B |
. [
A ] / . -
R o . - (_' ‘ . . ¢ o _ |
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o Table 24 ‘ ) y i

/r
Two-vay Analysis of Variance with Repeated Measures

"on Rate Scores for SC and RC Groups
during Training Sessions of Phase 2 /

. »

Source “  Mean Square Degrees of . 4

J Freedon )

M- \4 " - /
HEAN 54,086 1 - 22,27 18%
SESSIONS : 0.308 ' 15 - 7.557%s%
GROUPS . 20.688 1t 8.519
subjects (6) 2.428 6 \
SG .073 15 1.804%
Ss (G) 040 do : «
[ B f
" % p< .05, % p < .01, $5% b < /.00 )

/ ‘ !
- \ :
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Table 25 , .
’ \

Two-way Analysis of variance with Repeated HNeasures

- on Trial Scores for SC and RC Groups
during T‘raiuing Sessions of Phase 2
R ) \ |
\ /
T %
Source Mean Square Degrees of F
' Freedoa
HEAN 100744 .400 1 ‘ 81,270%%
SESSIONS 212.000 .15 .- 6’.2304&'
GroOPS ¥ . ‘ 10026.820 1  8,090%
subjects (G) 1239.621 6
SG “ 71.436 151 2,116
/ " - ! ¢ 3 »
Ss (G) ) . 33.758 90 .. -
) ! ) oF
% p < .05, %% p < .001 ‘
, \ /
» A ,
r | ! 7/ |
‘ -
\ s
) X _ | ¢
L - I ;
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y " Localisstion of the preferences (hi;‘!ur pumber of responses) .
: ., left and right panels for each subjéct of each group st each session o:n%h phases.
L Left pansl; Right panel; - l‘o Tesponses or no prefer .

B ® ® ® WP MR OREW M ORP N MM MR

T \ ° Baseline sessions ° ) Training sessions
Fhases Groups Sublects | 12 3 4 56 7 8 1 23 4 56 7 8 9101171213 14 1516
-1 sc1 201 -LLILLL)II L/LRLRRRERERETERTE KRS R RHE K
20l |- - - - - - - - mLlLLLLLILLLLLLLL
N 289 ~--1L-1=-+-=- L 111LLL1LLL1LLLLLTLL
204 llllLLLL‘LLLLLLLLLLL-LLLL
/ lc1“‘205 -~L1L--~-- RRRRRRRRRLUBRRLILL
206 Ll;!l-r--LL R LLLERREKZERBRRTZERPRRTZERE
207 L2 LLlLLLl1l LL1RRRRRERRRRRERLZRER
. 208 - = = = = = = = L RRERRRRBRERERERBRRIBRHLU
m209’3L-L,l-----:xlexbenLLLLL
210 .RRLRL—LR A TR A A A A A T A AN A A A A
2 scz 21 . L LLLRRLLERRTERR RE RRR
/ 212 L 2L LLERRLLLTLETLTL
: 213 .. L R2 LRRRRRRRRER R-R
i Yoo " L'LDLLLLnLLLLLLL
| ez 25 ' XX 2 ARRRERIRRER B
216 P . RM R LLRLLLLLLL LT
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Table 27
O ” -
Four-vay Analysis of variance with Repeated neasuras/
on Histogram Scores for Sc and RC Groups
N during Baseline Sessions of Phase 1
v
- A"
Source Mean Square Degrees of 4
Preedon
' MEAN 272310, o 1 2.761
. S:Blocke of Sessions 961, 1, 0.120
E T:Trials 2626, 2 2,249
; P:Panels ‘12112, 2 2,541
' G:Groups 6778. 1 0,069
| 8 (G) 98615, 6
» ST 1459, 2 0.780
} sp 3667. 2 1,720
TG 556, 2 0.477
PG 843, 2 0.177
[ 58 (G) 8001, 6 »
; PS (G) 4766, 12
‘ sSTP 124, 4 0.986
' 876G 1989, 2 1.064
{ 8PG 29, 2 0,014
| TPG 96, 4 0.894
. 3Ts(G) 1870. 12
SPs (G) 2132, 12
" TPs () 107. 24 ‘
57Tp0 ‘ 870 “ . 00691
BTPs (G) 126, 24
“‘J e 4
X
q !
; ()
é} ]




o " Table 28
4
Five~way Analysis of variance wvwith Repesated Neasures
, on Histogram Scores .for SC1 and RC1 Groups
during Training Sessions of Phase 1

" X and for SC2 and RC2 Groups
during Training Sessions of Phaﬁf 2

~158~

Source Mean Square Degrees of 4
7 Preedos
MEAN 15208050, 1 46,9538%%
S:Blocks of Jessions 451654, 3 T.439%
T:Trials 8213, 2 8,099%
' P:Panals 2912720, 2 25, 470%%
C:Phasges 104598, 1 0.323
G (C) :Groups (Phases) 2869424, 2’ . &.430"
ST 4556, 6 1,311
sp | 247934, 6 6.494y»
% TP 196940, 4 15,389%%
sC 119097, 3 1.961
I { & 1959, 2 1.932
PC 199518, 2 , 1,745
8 (CG) 3886714, 12 ,
86G (C) 236544, 6 1.948
TG (C) 3;a3. 4 2,585 |
PG (C) 10506. 4 2,232
STP /10713, 12 2.098
. 8TC 1048, 6, 0,302
y spC 24216, .6 0,634 '
TPC 294, 4 0,179
88 (JG) 728606, 36 / ’
“. 78 (CG) 12169, 24 S
£8 (CG) 1372303, 24
8T6 (C) 2542, 12 0,366
8PG (C) = 89162, 12 " 1,168 -
TPG (C) 571185, 8 . . 24232
s7pPC 12157, 12 © .. 2,380
8T8 (CG) 41710, 72
Sps (CG) 58116, 72 iy
TPs (CO) 153571. 48 <
879G (C) 7959, 24 . 0.779
STPs (CG) 612?0. 144 - 4
A
*#p < .05 # p< .01, % p < ,.001 —
@ .
Y /
/. ’



Table 29

.
\ ° @
\

Pour-vay Analysis of Variance with Repeated Measures
on Histogram Scores for SC1 and BC1 Groups
during Training Sessions of Phase 1

F - —
Source . L Bean Square Degrees of 4
Preedon

MEAN 8917568. 1 21.670%»
S:Blocks of Sessions 17896. 3 / .663
T:Trials 4533, 2 11.318%
P:Panels 1148116, 2 13,652%
G:Groups / 434001, 1 1.055
8(G) 411510, 6

sSp 18304. 6 2,557
TP 26670. ] 12.588%
- 1¢] i ‘ 58237. 3 2.%27
16 1301, 2 3,251
PG Y 130506. 2 1,552
38(G) 27002, 18

Ts (G) 400, 12

sTp 870. 12 . 1.816

a4 516 ) 161, 6 ' 435

W8P6 10244, . 6 1.431
PG : 4926, . 4 2,325
378 (G) ' 370. 36

8Ps (G) . 7159, 36 )
P8 (G) / 2118. 24 ‘ '
STP6 . 293, 12 «+613
‘STPs (G) 479, 72

£ p< .05 % ,01 ' i



v

Table 30

Four-vay Analysis of vVariance with Repeated Measures

on Histogras Scores for SC2 and RC2 Groups
during TfaiqithSstionl of Phase 2

-

* p< .05 % p< .01

Source Mean Square Degrees of 4
| Preedon .

MEAN , 6395080. 1 27.066%#

S:Blocks of Sessions 172354, 3 12,789

T:Trials 553, 2\ «901

P:Panels 408003, 2 13,484% _

G:Groups 2435424, 1 v 10,308%

8 (6) 236275. 6

ST 305, 6 »386

sp / 27054, 6 4,856

TP , 23138, 4 5,402

86 20611, 3 1.529

TG 1319, 2 2,747

PG 124748, 2 4.123

S8 (6) 13476. 18

Ts (G) 614, 12

Ps (G) ‘ 30257. 12

STP - 1306, 12 2,837

876 N 263. b »333

F-§ 4 _ / 4615, 6 «829
© TPG 9351, 4 2,183

8T8 (G) 791. 36

S5Ps (G) 5571. 36

TPs (G) 42813, 24

STPG 375. 12 1,028

5198 (G) 365, 72

- -
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Table 31

Pairvise Differences betvesn Histogram Scores
among Trials and Panels
Tested vith :%c Nswman-Keuls Procedure

B3

/

/ TP13 17TP23 TP33 TP12 1923 \1f32 TP31 TP21 P11
13 2,34 AB.4%% 9274 115, 4 120, % 167, #4204, A% 222, ##
P23 26,10 70.39% 92,56  97.56% ' 144, #4182, #% 200, #%
P33 x Ghi2%H 664w 4wk 118, #6156, 4 174, 4
P12 22.2%  27.2% T4, ¢ 112, %% 130, ##
P22 4.98  SL.8%%  89,54% 107, aw
P32 46,849 84,548 102, #»
231 37.74%  55,6am
1921 17.9
P11 _

' \
gy ™ 2090402 re 2 3 4 58 7 ) 9
$_q  (x,12) = 9856 12061 13437 14429 13197 15837 16380 16860
7 a
$_g (r,12) 13821 15124 17596 18684 19516 20220 20828 21340 .
.o .
#p <,08 4hp < .01 7 . j
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Table 32

f

Five-wvay Analysis of Variance with Repeated Measures
on Arc proportion Scores for SC1 and RC1 Groups
during Training Sessions of Phase 1
and for SC2 and RC2 Groups
during Training sgrsions of Phase 2

o

L

- 162~

Source Mean Square Degrees of | S
- Freedon

MEAN 234.0915 1 11143,0008%%
S:Blocks of Sessions «0270 3 7.911%
T:Trials «0500 2 6.288%
P:Panels 11.0656 2 78,5928+
C:Phaseg .0468 1 20222

G (C) :Groups (Phases) » 1346 2 6,390%
ST «1389 6 1,990

sp » 1852 6 7.476%
TP «1325 4 52.464%%»
sc »0051 3 1.484

TC «0129 2 1.616

PC L +3213 2 2.282

8 (CG) «0211 12

86 (C) «0077 6 2,265

TG (C) »0105 4 1.316

PG (C) »7580 4 5,384
STP 20242 12 5,868%
87C «0076 6 1,093
spC «0220 6 0,888«
TPC .0002 4 0.026
33 (CG) .0034 36

Ts (CG) «0080 24 ,

P8 (CG) ) + 1408 24

876G (C) - + 0145 12 , 24071
8PG (C) R ~0459 [ 12 1,853
TPG (C) 4 L0048 - 8 0.808
STPC «0045 12 1.085
578 (CG) 20040 72 & -
8ps (CO) D248 - 72
- TPs (CG) +0060 48 .
879G (C) B .«0040 24 0,979
S$TPx (CO) - " 200419 144 , :
/w R < .05, #9% g < ,001 ‘ /

) - ‘ 4
Ao |
e

- ' o

o K
o-‘y‘{-:
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Table 33 i
1
Pairvise Differences betveen Arcproportion Scores "
among Trisls and Panels f
/ Tested with the lcyn‘n-xauh Procedures
. i
A
P
.~ ' .{ 9%
P13  TP23 TP33 TP12 TP22 TP32 TP31 TP21 TP11
713 LOTAms L 186%%  ,264%% L3160 L3170 A96he 1 56008 L 614ne
1923 LOB3MS  190%% L2434 L2488 42208 ABORK BLOWN
733 L1078 L1608 16188 L3398 L4038 L45Tee ‘
1712 . .0839 L054%8 2320w ,296%%  ,350%%
922 . L,001 S17998 24398 2970%
1732 . ‘ ATERE 2a2ee 296%s
|
731 { J0648% 118%%
177 B / L054ns
)
7711
\ - 8= 00596 rs 2 3 4 5 6 7 " 8 9
A | it /
‘”ﬂ mmw s 018 ° ..022 .025 ,027 .02 .030 .031 .031
/ sS4 (r,12). - 026 f:o . .03 L0938 .ofs L038 .03  .040 /
¥ .0 C '
, r
R s v
“z < ,01. ‘ / "




o, e tae
"~ Y
e ol i o e

Table 34

|

Four-vay Analysis of variance vith Repsated Neasures

/

during Training Sessions of Phase 1

S

on Arc proportion Scores for SC1 and RC1 Groups

—

Source Mean Square Degrees of % P
Freedon

HEAN 113.7724 | 1 29940,000%%%
S:Blocks of Sessions «0249 3 8.031»
T:Trials .0566 2 38.505%%#

| P:zPanels 7.5064 2 194,07 6%%%
G:Groups +2691 1 70.988858
s (G) .0038 6
ST .?017 6 .316
sp «1097 6 4,286
TP .1578 4 30,248%%%
SG - 0149 3 4,795
TG / 0016 2 1.067 0
PG 1.5060 2 38, 938484
55 (G) 20031 18 /

- Ts(6) .0015 12 t
Ps (G) 0387 12
876 006 . 6 1,169
8pC y «0792 6 3.092
TPG 0050 . 964
S$Ts (G) .0053 36 ®»
SPs(G)- - «0256 36 - :
tps (G) ,0052 24
81TPG 0045 12 1.37
STPs (G) 0033 [ 72

1

/

* p < .08, ”f}ﬂ < 001
. } ‘

=164~

M b i e




4
Pour-way AuLlysis o
on Arc proportion Scores for SC2 and RC2 Groups

during Training Sessions of Pha

i Table 35

t

¥

/

]

78 2

»

f variance with Repeated Measures

Source Bean Square: Degrees of } 4
Freedos
MEAN 120, 3922 1 3010.000%%»
S:Blocks of Sessions «0071 3 T 1.920
T:Trials 0063 2 +438
P:Panels 3.8805 2 15,974%%»
G:Groups -0001 1 »002
s(G) +0383 6 ‘
ST «0198 6 2.302
sSp «0975 6 4,072
TP « 1549 8 (234 156%%
8SG « 0006 3 158
TG «0194 2 1.342
PG b «0010 2 041
S8 (G) «0037 18
Ts (G) «0144 12 >~
STP «0149 12 * 3.014
STG «0227 6 2.631
-} 4 0727 - 6 »529
TPG 20046 4 688
51s () ¢ 20086 36 -
SPs (G) «0239 36 :
TPs (G) [ +0067 24 )
STPG .0035 12 2731 .
STPs (Q) «0050 72
[ | |
17 T

% p <01, #8% p < ,001

L

iit

2k
»

14

4

v Tl e .
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Table 36

Test on Arc proportion Scores along Trials,
Panels and Blocks of Sessions
. between SC1 Group and RC1 Group (Phase 1) and between |
SC2 Group and RCZ Group (Phase 2) using Student’'s Proceduro

— . /
| “ |
PHASE BLOCK TRIAL T :?
NS
1 1 e | -3,61%%% 1.85 2,85%%
2 ~-0.,98 0.61 3.,40%%
3 '20“5* 1055 1.60
2 1 -4, 36%%% 3.39%% 1.70
2 -2.,86%% 3.48%%% 1.31
3 2,83 3. gowes 4.89%%s
3 1 =5,308% . 6. 86988 4, 27%%%
2 -U,688%% 5.21%8% 3,87¢%%
3 ~5.7888% 5,288 3.2698%
4 1 ’ "50 96“’ 6 . 3““‘ “. “8“.
2 ~6,95%8% 7 o 198 9% 4,51%%%
3 ' =-6,75%%% 6,83%%% 6.41**'6
2 1 1 -1.53 -, 26%9% ~1.4
2 2008‘ "013 ’00“
) 3 2.70%% \20 14% 0.68
2 1. ~1.62 0.24 1,27
-2 '.0099 "0056 0027
3 ~0.68 1.43 0,92
3 1 -0.05 -0.05 ©0.62
¢ 2 B -00?19 -0. 15 1020
. ' ' 3 -0.41 0.80 0,05
[ 1 "09 19 0003 !“'0001
2 1.19 \ -O.BO 0,23
. 3 ~0.19 ~2,17% 0.34
. - . T W
. at (s.tt.:iﬁiqgg&xapbroxilltion) = 91,67 ' : *
. o 4 ., - -

e .
;
—
/ -
'
"

/

/ «166~

» B < ,05, % ] < ;}‘.‘2 < ,001
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