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CABSTRACT - . . m

e ey s
"4?. .

Three exper1ments were conducted to 1nvest1gate Staddon 3 account

of 1nter1T activities as 1nduced behav1ors Wh]Ch occur at t1mes ﬁhen a
- reinforcer .is un11ke1y to,be delivered (S times). These experiments .

examined Staddon's S; interpretation_bf“intérim behavior by studying

-

drinRing and wheel running on various simple and multiple échedu]es d#

s . .
i . -
<

- food reinforcement. ‘ o ) ) . \

f Experiments 1 and 2 were concerned with Staddon's confention that ﬁ
drinkingfis a representative’inteﬁim activity which is occasioned‘by

! / 1the unavailability: of food ratner than by the presence of food per se

. or its 1ngest1on Contrary to other accounts of schedule 1ndgced poly-

. d1ps1a, "this interpretation 1nfers that the 11nk between eating and

7/ -~

drinking is not essential for the induction of drinking. In Experiment

H

~

1, three rats were’exposed t0 a series of multiple schedules to deter- g
mine whether drinking occurs during‘s' times that_ are signalled by 2

: | events other than‘food (s” nonfood)

P by the occurrence of food (S~ food) Each multiple schedu1e consisted

T~

or is confined to S~ times signalled

of a food component, 1n wh1ch re1nforcement was delivered on either a
\\\ fixed or random-interval schedu]e,and an extinction component, a period

when food neqer occurred. In Experiment 2, drinking’was compared if

four independent groups(gf rats exposed to simple or multiple veriab]e-

L]

[ 1nterva1 or random-1nterva1 schedules.

The results of Experiments 1-and 2 indicate that/dr1nk1ng does not é

,e\\‘ occur dur1ng an S nonfood even if it pfed1ccs,the nonoccurrence of food
jﬁst as well as an S-food' Im a1l instances, dninking was restricted
‘ - ‘n . s ‘ ‘ » Y s Py - e
to S food Occasions with very 1ittle. drinking during the § nonfood
. . / R e
. . - h _ .1‘11 S L \
: i . e, ’ /&'

-




behavior

v R - \ N N 4

extlnctfon component of any mu]t1p1e schedu]e The }esdlts'also suggest

that interim. act es d1ffer in the extent to wh1ch they can be

L]

nonfood —tjnmﬁﬁrr

of wheel running occurre

.

al1ocated'to s~

in the ext nct1on component compared to. the

food component of the ]t1p]e schedu]es.

P

occas1ons "are parttcu]ar]y

Behaviors that cAn be 1nduced by S~

— nonfood

important for Stad n 's account of zontrast since the effect depends ;-
B

accordtng to: the ime allocation m de] on the realTocatwon of interim

b

act1v1t1es fro the food to the e t1nct1on component of a mu1t1p1e

schedu]e. 'E per1ment 3 attempte to assess the 1nteract1ve effects of

/Jl—',

running and bar pressing actf ities"simu1taneous1y available. The
f1nd1ngs Tnd1cate ‘that contrast effects oceur not on]y 1n term1:§0
behavior, but that other nonterm1na1 act1v1t1es such as dr1nk1ng \can
be similarly affected 1 . -

The 1mp11cat1ons of these results for Staddon s account of 1nte im

v

and the t1me al]ocation model of contrast were d1scussed ) \

}“ﬁ ' N

o :

*Fo exampie; cons1st§nt1y h1gher—1eveis~ -

-~

1
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In 1971 Staddon and Slmmelhag pub11shed a hwghly controvers1a7 and-
influential paper. The paper reported an experTment using Skinner' s
148 superstft1on procedure Naive pfgeons were initia}ly trained to
'approach and. eat from a feeder and then exposed to daily sessions in
which the feeder was briefly presented every ]2 seconds Deta11ed and
systemat1c recordings were made of the frequency -and’ order of behavior e
occurring throughout the interval between food deliveries. By using
this method of analysis Staddon and Simmelhag were ab]e to demonstrate
that a reqular Sequence of act1v1ties occurred between food deliveries
for esch bird. Some responses such aS'peckfng and or1entat1on_toward
the feeder occurred most frequently in the Tater portion.of the.interval
: just before the delivery of food. Staddon/;;d Simme]hag proposed that
these respoﬁses were instances of a broader class of behavior which
~occursin the presence of or are directed toward st1mu11 that are high1y
predictive of{food or some other reinforcer They ca]led such behavior

term1na1 act1v1ty A variety of other act1v1t1es preceded these responses

within the 1nterfood*interva1 Early in the interval, pigeons engaged

in actfwities such as c1rc11ng, wing flapping and preen1ng According

to/Staddonrand Simmelhag, this behavior was ‘part of a separate class of

activities which occur at times when food or some other reinforcer does
‘not occur. They ca]Jed such behévior‘interim activity. e '

sy, .
Staddon and Simmelhag introduced the terms "interim" and "terminei"

to call attentfon to the differences betweegﬁbehavior that occurs early
and late in the 1nterfood iéterva] These terms have been adopted by
-a’great many 1nVest1gators and w111 also be usggéﬁn this thesis.. -
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* Although, Staddon and Simme]hag {(1971) provided an account of both

'interim and terminal behavior many of Staddon s-subsequent papers‘

(Staddon & Ayres, 1975; Staddon, 1977b) foeus on interim act1v1é$es

Term1na[ activ1t1es are discussed primarily 1n the ways they interact

. with interim béﬁaxior on schedules of‘reinforcement._ The study of

angmal'learning'was influenced in several ways by Staddori's account of

~

interim behavior. In 1971 the account was useful in provjd1ng'a theore-

tical framework re]at1ng effects previeusly seen as 1ndependent or only .
vaguely related. Several historically distinct behaviors (e.g.,
scheduie-indaced behavior, displacement activities, adjunctive behavior)
were grouped togather within the interim class 6n thé basis of similar ’
functional properties, probable causal factons and adapt%ve ro]es. -
In addjtion, Staddon's account of fnter1m behavior can be regarded
as instrumental in changing the trad1t1ona1 focus 1n operant cond1t10n1ng
research. Typically in an operant cond1t1on1ng experiment, a s1ng]e
activity is selected as the instrumental response ana\it is then studied

34

in isolation from all other behav1or The results of Staddon and

4,

Simmelhag's experiment suggested that the traditional emphasjE on a single

aépect of‘behavior was<nﬁsplaced. Their analysis clearly demonstrated

" that other activities wéra produced by operant conditioning procedures,

and that these.activities were as vigorous as the‘instrumental response.
More recently Staddon (1977b) has _suggested, that interim activ1t1es‘
provide the key for nnderstanding many puzzling fifdings in the operant

11terature . For example, Staddon (1979 in press) has. d%scr1bed a research

}

strategy . that Yncorporates the study of interim behav1or with that of
the traditiona] opeYant to examine generalization - gradient peak shift

agg propert1e§ of inhibitory genera]1zat10n grad1ents. §dm1]ar1y,

Hinson and Staddon (1978) hav; nsed the concept of interim behavior to

\ ar
.

*

. .. . . R
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provide ; novel exp]eﬁ%tien of beha&iore1 contrast. It seems therefore,
that Staddon's notion of interim behavior is important not on1y _
theoretically but a]so empirically, for 1t has suggested a number of
nove1 exper1ments and prov1ded explanations for\sone.unanswened ques-

4

tions in the f1e1d of behav1or analysis.

q%he prqpert1es of 1nter1m act1v1t1es -as they are out]ined in
Staddon's account are summer1zed in the following three assert1ons, .
which wji1 be discussed separately: ‘

(1&% Interim activities occur at t%mes when a reinforcer is un-
likely to be delivered (S~ per1oas)

‘éZ) The per1ods 1dent1f1ed as dnterim and their assoc1ated
activities correspond te motivational states.

L

(3) Interim activities are schedule-induced. . oa

3

N

Interim Activities and S~ Perieds

+~ Staddon and S%mmelhag (1971) stated that the definitive charac-

teristic of interim/Eehav16r is.that it occurs at times or in the presence

" of st1mu11 that signap. the absence of food (S times). In 1nterva1

schedu]es,_the 1nter1m period compr1ses the early seconds of the inter-

reinforcement interval when food has‘just occurred and 1is not due to

I

occur again for'some time. In the Staddon and Simmelhag study, 1nter1m

"behaviofs such as circling away from the feeder occupied tﬁe initial

6 or 7 seconds of the FT]Z—sec schedu]e Rats typica11y dnink early
4

in the interval after food on s1m11ar schedu1es (Staddon & Ayres, 1975)
Very Tittle drinKing occurs 1n the later two- thirds of the interval

under norma1 unrestricted cond1tions In contrast, terminal nehaVHon




ténds to occur during S+ occasions, such as the final éeconds of

: 1nferréﬁnf6§cement intervals when food is imminent.

_i ) zﬂi“!rb'. Staddon's account of interim behavior seems to be an accurate

~ description of the temporal distributions of some well-known non-

. ' terminal activities, such as pigeons{‘cirfling away from the %eeder and
rats' polydipsic drinking. Therg are; however, indicatioﬁ; thit some
activities that havé traditiona]iy been described as "adjunctive" de

not fit Staddon's criterion of occurﬁﬁng exclusively in the early

. *
B s o Y0 AU

Seconds of 1ﬁ§erreinforcement intervals. Behavior such as wheel running
(Levitsky & Collijer, 19@8), nitrogen Ticking (Taylor & Lester, 1969),
> ‘ and air licking (Mendelson & Chillag, 1970) all tend to occur t:.hr;ough-
Ll the interval rather than being Eonfined to the first few seconds
after food de11very as is usually the case with dr1nk1ng 3Fd}thermoré,
when opportunit1es for dr]nk1ng and runn1ng\are concurrent]y available,
\ dr;nk1ng typ1ca11y~fo1]ows eating while rqu1ng follows dr1nk1ng
. (Segal, 1969a Staddon & Ayres, 1975). There is also some ev1dence that

running'occurs comparatively late in interreinforcemeht intervals even

v

if dr1nk1ng is not a potential. competing act1v1ty (Mann, 19774
o _ Skinner & Morse, 1958) Nhee] activity differs further from drinking

in that it often follows or a]ternates with unreinforced 1ever pressing

(Smith & C]ark}m1974) 3

°

vty

These results suggest that the temporal distributions of interim
. \ L :
- * activities are not as uniform as Staddon's descriptions suggest. Some
" of these activities (e.g., drinking) occur only in the early portions )

. " ‘
of the 1nterva];bwh11e“bthers (e.g., running) . occur throughout the

interval. Perhaps non- term1na1 act1v1t1es shou]d be divided into two

subclasses; those that occur 1mmed1ate1y after food and those that can

7 - .
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also occur during, nonreinforcement times later in the interval. Staddon

{1977b) seemed to ocknowledge such a possibility yhen he discusseo .

these d1fferences in tempora] distributions and proposed the term
"facultative" behav1or to d1st1ngu1sh activities such as wheel runn1ng
that can occur, 1ater in the Jntcrval, often betweé??bouts of activities
such as po]ydipsic orinking and terminal activities such as lever pressing.
The facultative behavior” concept has not been well- deve]oped however,

and Staddon's present position (e.g. v Hinson & Staddon, 1978) seems to be

k.

that "interim behavior" is a term that app11es to non-terminal behavior

- -

that may occur at various times in interreinforcement ifitervals when food

is not clearly imminent.

//'
. .-~

4

Interim Act1v1t1es and Nonfood Mot1vAt1ona1 States
Ty

Staddon’(]977° Staddon & Simmelhag, 1971) also proposed that S~ times
and §* t1mes produce interim and terminal mot1vat10na1 states that define
the potential reperto1re of 1nter1m and term1na] act1v1t1es Terminal
act1v1t1es, according to Staddon, are re]ated to the schedu]ed rein-

forcer. Hence, late in, the 1nterva1, anlmalé stand near the:site of _

food and perform food- re]ated activities. Rats, for instance, contact

.the food cup (Reberg, Mann & Inn1s, 1977) and p1geons peck with a dis~-

tinctive food- re1ated topography (Reberg, Innis, Mann & E1zenga 1978).

Different activities .occur in the early seconds of the 1nterva1

o~

when animals usua]]y move .away from the food s1te and perform act1v1t1es

.unrelated to food. Rats, for examp1e, display polydipsic dr1nk1ng at

such times and pigeons perform activities such as circling away from

thé“food site. According to Staddon, these interim activities are

r]
) . »

-4
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associated with a nonfood motivational sta;e. Although there are strong
indice;ign§fthap_§faddon's‘acéount does/néf apply to all'refnforcers,i
(Mann, 1977; Reberg, Innis & Eiienga,/f9§e; Reberg, Mann & Innis,

1977), it appears to be an accurate/description of activities in.

periodic food schedulés. /

More-than one reinforcer (other than food) may be effective during
éient]y interim behavior can consist of many
—different activities which include” drinking, running, licking at a

stream of air, gnawing, tail-nibbling, grooming, head and body move-

ments, shredding paper or attacking a conspecific (see reviews by ;o

Falk, 1971; Staddon, 1977b). Staddon and Ayres (1975)stud1ed this matter
directly when they exposed rats to FT schedules of food de11very in a '
hexagonaj enc1o§ur at permitted a variety of activities other than
eating. Several)other experiments have been conducted using §imi1ar
procedures (Mann, 1977 Roper, 1978). In eueh experiments, an interesting
quest1onﬁir1ses as to the determ1nants of the activity which deve]ops

in. any particular case. One possibility is that any act1v1ty w1th1n the
an1nm1 s repertoire can expand to occupy the time made available by any
schedule. Alternatively, certain activities may be preferent1a11y

Tinked to Certa1n schedu]es, re1nforcers and/or spec1es (Hogan &

Roper, 1978 Mann, 1977). A related question is whenher different
acitvities can substitute for one another. For example, if ainlfeking
15 prevented in the hexagonal enc]osure will other activities take its
p]ace? More research is needed to adequate]y answer these important

questions. y

&
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Interim Activities and Induction

>
-

" In some instances -Staddon (1977b) uses the term 1nter1m to refer

"to all those act}¥9t1es which precede the terminal response within the

interfood interval” (p,’134). At other times, interim act1v1t1es are
defined as "induced behaviors which occur at times when a reinforcer is

unlikely tofBe delivered" (Staddon,'1977b, p. 126). Acco}ding to

Staddon (1977b) either usage is permissab]é providing that it is clear

which usage is intended. R ’

Induced behavior as defined by Staddoﬁ includes: only those activi-
ties which are facilitated by the schedule as coﬁSé%ed to a baseline
condifjon when the schedule is not in effect.’ Idea]iy, of course, the
facilitative effects of the schedule are measured'in comparison with
pre- and post-schedule baselines. Po]ydipsic drinkiﬁg is an obvious
e&amp]e of an induced interim behavior. In a 3.17 hour sessioq, Falk
(1961) reported that rats consumed approximately 3 or 4 times their

normal daily intake of water. .
e

Staddon (]977b, p. 126) coined the term facultative to refer to

/

"activities that occur during the schedule but do not appeir to be

directly affected by schédule factors" (i.e., are not induced). As

- previously mentioned, wheel running is En example of a facultative

behavior which is hot schedule-induced but which precedes the terminal

response w1th1n the intérfood interval (Staddon & Ayres 1975) ‘
Although there 'is good evidence that a variety of 1nterfe1nforce-

ment activities occur during periodic schedules of food reinforcement,

only one activity, polydipsic drinking has beé;*stuéjed in depth. In

~ the abseqpe of information on a variety of combinations of specigg,

f -~
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reiqforcers,.and behaviors, Staddon'g account of interiﬁ behavibr, as
sqmmarized’in this chapter, has necessarily relied on studies of ﬂpducéd
drinking. Indeed, drinking is often regavded i & prototype of at}
interim behavior by researchers in this area (Christian, Schaeffer\&

3

King, 1977).1ySince drinking has captured more experimental attentiO\
. . !

than any other interim behaVior_and is also the behavior examined in \

all three experiments to be reported in this thesis, the‘reméinder of\

s

. |
the introduction is devoted to a review of the{;iterature on sqhedq1e<\""

- . . < <
, induced polydipsia (SIP). : ‘
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CHAPTER II T -

Schedule-Induced Polydipsia’

<.

Po]yd1p51a is a robust and reliable phenomenon. According to

Staddon ‘and Simmelhag (197]) dr1nk1ng is a representative interim

beha ior. ‘As d1scussed 1n Chapter 1, 1nter1m behaviors (a) are induced
- by the schedu]e, (b) assoc1ated with motivational states 1n¢ompat1b]e
lf with the terminal re1nforcer, and (¢) occur dur1ng S per1ods of ndn-

‘: _ i\\\ e1nforcement ‘This chapter examines polydipsic, dr1nk1ng in terms of

hese thfee properties of interim behavior. . :.'. ,

p 1yd1p51a,and Induct1on - I ' ’ ' -

e : One of the;moSt striking features of SIP is\its,excesstveness. As
viously .mentioned, thggeoare Eaik‘slcomparisons between” SIP and
datly intake. Fa]k (1961) reported that rats consumed three to four
2 ‘ times the1r normal daily water intake in a 3.17 hour se551on of periodic

I T

d deliveries. The quantity of water 1ngested on a schedu]e of

3
. 1

fvﬁ
1né€rm1ttent food reinforcement has also .been compared to the amount
‘ consumed on a var1ety of base11ne conditions with noﬂfood avai]ab]e

(Sta don & Ayres 1925) or w1th equ1va1ent amounts of food presented in’

TN

one eeding at the beg1nn1ng of a session (Mann, 1977). A1though not
too nLny experiments have made comparisons of SIP with pre- and post-

, schedu]e base1ines when no food 1s delivered, most of the évai]ab]e

TR

data c1ear1y indicate that SIP is indeed an 1nduced act1v1ty In fact

‘there is 1ittle dispute  about the nnducgd,nature of SIP. ¢ - —-;—’///),
.. . ' "'7,:; , ‘ ) ) /,‘ g S
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Polydipsia and Nontood Mot{vational States ’ .. . :
ydip _ _ - RN

_ support his argument. For example, the acquisition of 1ndueed drinking

contains water, 1ess dr1nk1ng is_observed. 3. . -

There is at least sgme'evidence in support .of Staddori‘s contention

that SIP is representative of a non-food motivatignal state,-. Staddon

(]977b) has argued'that "not only does the rat drink‘during the interim
period, but its state resemb]es thirst“ (p, 138) He draws severa]

rather convincing para]]e]s between SIP and physioTocha] tﬁirst to .

=]

- AY
¥ . v

is hampered by pre-]qading‘the rat with water. Rats and monkeys learn
to press a lever to obtain access to water during the intzrin period
(Falk, 1971). In addition, the rate of &rinkihg is directly reiated
to the pa]atab111ty of the liquid and if the terminal food reinforcer

One obviOUS question in this regard is whether an antﬁa] wou1d / ‘$§
interrupt a bout of SIP to eat a surprise food pe]]et A]though there
are no deta11ed data there are ind1cat1ons that br1ef test presenta-'

t1ons of food during the interim per1od may, as. Staddon pred1cts, fail

to e]1c1t eating (Konorsk1, 1967) Howéver, 1n a recent exper1ment by

~ Reberg (1980) on’ the reinforcement of SIP, an1ma1s stOpped~dr1nk1qg

when a surpr1se" pellet arr1ved and then returned to the bottle.
Although'definitive tests are 1ack1ng,_there seems to be at 1east some

support for Staddon's nori-food motivational account df SIP.

Polydipsda and 5~ Pefiods

According-te gtaddeh*and Simmeahed (]é71)ldrinking,‘1ike other
interim behavior, is induced by'g;_periodé 3} nonreinforcement.
Staddon and~Simme1hag's v)ews contrésted sharply Withdgrevious attempts
to explain pblyg§psic‘drihk1ng:' In the earlier'accqunts drin@ing was
reg;reed as a behgyior wi}h unique dynamic properties that set it apart

A
. . -
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from all others. This was at Jleast partially a result of the fact that
in most of these exp]énationﬁx drinking wa$ hypothesized to be
elicited by factors assoc1ated with the ingestien of a food peldet.
The simplest exp]anation proposed that drinking resu]ted from a normal
tendency of rets,to drink after eating (Kissileff, 1969; Lotter, Woods
& Vasselli, 1978; Stein, 1964). Another version.sugéested that drinking
resulted from a specific physiological deficit which was produced by
ingestion of a dry fdod pellet (Teitelbaum, 1966). In all instances,
drinking wes regarded as a food-elicited behavior. Staddon's (1977b)
interpretation suggested that‘thé onset of drinking wes occésioneh by

‘ the unavailability of food at post-pellet times rather than by "the
presence of food per se or its ingestion. Contrary to food elicition

r
explanations, this interpretation infers that the link between food

ingestion and drinking need be neither stron§ nqr.unmodifiab1;T"
Accordinéiy, Staddon proposed:}hat drinking; Tike a1l other interim
behavior, reed not be tied to post ~food periods but may occur at other
times or in the presence of a variety of - stimuii that Signal the absence
of food. It is therefore appropriate to consider'in sone-detail the
evidence for pclydipsic drinking during S~ peribns other than those ’
that dre initiated by a food peliet in the early ‘portion of the inter-
reinforcement interval. = L, . T : o

Severai different exper1menta1 manipuiations have been used to |
determine whether or not the occurrence of drinking is dependent upon
the presence of fooq. These investigatibns can be divided into two

categories (a) those that examine second-order scheduies to detennine

i 1f drinking occurs. after a nonfood S and qgathose that, disrupt the

u$ug1 sequence of eating/drinking by restricting access to water pr

4

+ e

11




omittingpfood. The eat/drink sequence that typically occurs in most
experimenté} investigations of polydipsia is crucial according to food-
elicition explanations of pb]ydipéj@abuf not to Staddon's account of
drinking éﬁ an. instance of-an interim activity. His account c]e&r]y
implies that drinking should occur in S~ periods that.are gignalﬁed

by events other than food/jfj '

(a) Dr{;king on second-order schedules

, As we have seen, there are two classes of explanatfon for SIP:

drinking may be elicited by stimulus factors associated with the

ingestion of a pellet (food-elicited behavior) or it may be induced

by the discriminative properties of pellet delivery that signal a periad

of Tow reinforcement probability (S~ behavior). On most Ssimple schedules
. lithgse two possibilities are confounded because the S~ nonreinforcement
“5” tiﬁz (early pqrtion of the*interva]) 1s initiated by a food pellet.

Second-order schedules haég been ﬁsed by investigators to expéri-

\ mentally separatgfthese two:q1;é;native“ekplanations. On a second-
“order schedule an animal is typicé]l& required to comp]efe a series
of’fixed-intefvg]s-(FI):"Eor‘fnstance, on a FR3 (FI 1 min) schedu1ef
primary reinforcement'(food pellet) is contingent‘upon cpmp]etion of
Three succesgéve FI components. A responég,at the ‘end of the third
intervai produces food accompanied‘by ; briefly-presented stimulus.
Responses completing the first and second interv;1§ produce the stimulus
alone. If drinking dccuré_after a nonfood stimulus on a second-order
schedule, this suggesfs that~drinking is not simp]y.a\post4fodﬁ“béha—

post-prandial

‘\ -

interpretations of drinking as a requirement fo,e11m1nate\the oral -

vior. This outcome would therefore challenge so-called

- effects of each pellet (Stricker &'Adair,.1966) and support Staddon's

N
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assertion that drinking is sjmp]y an instance of "interim activity"

that occurs during times when reinforcement never occurs.

Rosenb]ith (1970) reported the first study of drinking using a
FR 3 (F1 1 fain) second-order-schedule.{'As expected, drinking regularly
followed eating. However as training progressed, each rat also bgggn
to drink fpllowing presentation of the stimuius alone. The two %ypés
of drinking Hifferedf however, in that post peﬂ(et drinking tended to
occur at high rates in long uninterrupted bouts, whereas the drink%ng
that fo]lo@ed the nonfood stimulus was interrupted frequently by lever
pressing and occurred at a much Tower rate. A similar pattern of’
drinking was observed {n th other stud{es (Porter & Kenshalo, 1974; |
Wuttke & Innis, 1972). ‘There have a1so'beéh‘fa11ures to obtain drinking
after a nonfood stimulus. Two of three rats in an experiment by Porter,
Arazie, Holbrook, Cheek and Allen (1975) failed to drink following a
nonfood stimulus.

-

A second-order schedule may be arranged so thatweithér a f1xed
number or a variable number of f1xed intervals are reqs:red to comp]ete
the schedule. Yariable secondsorder schedules are common]x called
percentagé reinforcement scHedu]es For example, on a 90%/?einforcement
schedule, 90% of the food ass1gned by’ the FI is actual]y de11vered

while the remainder is om1tted n a random basis. If an experiment by

P 2N

Porter et lal. (1975) dhinkingd time was compared during sessions in Which

every fixed, interval ended wijith food;de1iyery (100%_condition) to those
- “

in'which only “30% of -+ rvals ended Wffh the delivery of a pellet.
Negligible licking fdi?owed the briefly'presented stimulus which

| ’ .
ended nonreinforcement41nterva1s; instead, a substantial increase in

lever pressing occurred. Porter et al. attempted to efiminate bar

=
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pressing‘fo]]ow{hg the nonfood stimulus by retracting the Jever for

the first 30 seconds of each interval. The retraction procedure

produced no increases in drinking efther after food or after the non-

food’s“' : - ) <
A11en, Porter and Arai?” (1975) found similar resu1ts when rats

were exposed to a variable second-order schedule 1n which the percen-

tage.of intervals ending in reinforcement was varied in steps from

100% to 10%. \Drinking rarely ;ollowed the nonfood stimulus, even though

in this experiment a substantial pause in lever pressing was observed

ih both food and stimulus initiated 1nterva1s As in the former experi-’

ment, a]] rats drank at po]ydipsic rates following the delivery of
food. g 3 , ‘“
In sumﬁary, second-order schedules have produced only limited
evidence for Staddon's position that driekjng is representative of a
class of’ interim behavior that occurs during nonfood S~ occasions.
In the e&periment by Rosenblith (1970) and Wuttke and Innis (1572)‘
’

using second-order schedules with a fixed number of components, a

total of four rats were observed to dripk following a nonfood stimulus. .\\

In the Porter et al. (1975) experiment, however, two rats did not drink. ~

Cons1stent1y negative resu]ts were reported for rats on_variable second-
order schedu]es. A tota] of nine rats 1n experiments by A11en et al. :l‘.
(19]5) and Por®r et al. (1975) failed to drink fo]]owing a nonfood >
stimd1us on such schedules; in all these experiments dr1nk1ng that could
reasonably be described as polydipsic or excessive occurred onJy -
f/}}6W1ng the delivery and ingestion of a food pellet. Drinking after —

a nonfood stimulus was, in comparison, a weak and unre]iab]e phenomenon

Thus, although the ?econd-order schedule research provides 11m1ted

P s e e
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" each food pellet.  When periods of viater unaya11ab111ty were successive]y "y

. N a -
fixed-interval food schedule, all rats contimued to drink although

support for drinking as an»activity during §~ times signalled by °

stimuli other than food, there can be little doubt that the phenomenon
G Ty
is mich more robust when preceded by food. d

(b) Restr1cted access stud1es of dr1nk1ng

Po]ydfbsia ia typically regarded as a ﬁost—pe]let phenomendn With .

very 1ittle or no d}inking occurring in the later two-thirds of a. -
fixed interpellet interval under normal unrestricted—sonditions.
Restricted.access experiments hive examined the effects_of limiting

the dvailability of water to different portions within the,jpterpe]1ett
interval. Food-elicition explanations of drinking predict tﬁa{
restricting fBe availability of water to timee remote from food delivery
should eliminate or wxnyz{drinking.' Staddon_s account, on' the other -

hand, predicts that drinking should occur as long as the opportunity

to drink ex1sts dur1ng an S~ t1me. ,/

, Flory and 0'Boyle (1972) trained rats to respond on one 1ever for
water (FR1 stchedule) and on another for food delivery on a F1 1 min -

Schedule, The pattern of béhavior that deve]oped was typica]]y one

L -~

in which the rats bar pressed for water foy séme time 1mmed1ate1y after

inserted in the first, second, third and fourth quarters of the 1-min

water 1ﬁtaﬁe\Was slightly reduced when compared fo the control conditions ~

Moo

of continuous water availability. Gilbert (1974) used a stnilar proce-

.

dure exceS% that in this experiment rats were not required to lever .

presg to obtain water. When the drinking tube was freely available,

<

the rafs drank 1n the usual post pellet pattern with bouts occupying
the  first half of the interval.  When the drinking. tube was only .

»

’ »
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available in the 1ater half of the interfood interval, drinking was

e

1n1t1a11y d1srupted and only gradual]y recovered to levels approxi-

mat1ng those observed ear]y in the interval. . C.
In summary, it seems clear that rats can transfer we]l_estab]ished

N drinking from post—food~times to parts of the interval remote from
food de]ivery: In experiments usipg restrictea access procedures,
drinking is sometimes attenuated but net e]tminated Thege remain,
howé«er, several unanswered questions in this area of research. It
is u:thown, for exémple whether\drinking wou1d develop under cond1tions \

‘ of restricted access s1nce the pfresent experiments have only examined
the tranif?r of well estab11shed dr1nk1ng to parts of the interval .
remote from food de11very These- exper1ments a]so lack deta11ed com-
parisons of dr1nk1ng that occurs under free and constr:hned conditions.

_ For 1nstancé Flory and 0'Boyle (1972) reported relatively little. =
change in patterns of bar press1ng for food in cond1t1ons where water
was available on]y in the 1ater port1on of the 1nterva1 thus sugges- v

o o—#—t1ng that drinking later in the 1nterva1 may have a]ternated w1th
unreinforced lever press#ng Drinking ear1y in the 1nterva1 typ1ca11y
o;curs in long un1nterrupted bouts, beginning after eating and ending

N w1th ‘the initiation of unreinforced lever pressjng (Smith & C]ark,.
[974)? ;There may be other important'differences in drinking that occurs
early ;nd'Tate in the interpellet interval,
\ On thé surface the preced1ng results may seem contrad1ctory to
Staddon S (1977b) account of interim behavior as activities which occur

Y

. - din the early (S7) portion of interreinforcement intervals, However, -

onait—

._Staddon has suggested that in Timited availability procedures the presen-

', < 7, tat1on of the waterbottie signals a period when food w111 not occur.
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If one accepts this assertion, the results of these experiments are

@

cons?steﬁt with the notion that induced-drinking is characteristic of

interim periods (S~ times). In addition; they indicate that such .

R———

periods need not be defined temporally or be initﬁated,by food.

Other experiments supporting S~ interpretatien of drinking

. AQgitiona] eyidence suggeqting the importance.of S~ times for the
jinduction of drinking comes from two experiments. Keehn and Colotla

H i " (1970) conducted a study which showed that drinking i§ occasioned by
the unéVai]ebi}Tty of food_during/;heﬁpostkpellet period rathep,than

N M f
by the_presentatton of food. In this experiment continuous reinforce-

2 ot e

ment (CRF) was programmed for a variable number of responses at the

end of one-min fixed intefva]s. Drinking typica]]y occurred after all

LS R B ot oA o Pt

the pellets h%re consumed, on, the sche rathen\fban after each indivi-

dual pellet delivery 1n\the CRE(sequéﬂée.n‘w n food became unavailable, )

M,

- . - animals ‘began drinking. Mgre specifically, the stimulus for the onset
of d}inking was the absenée of a pellet following a bar-press. If food

alone elicited drinking one might expect.short bouts of lidﬁing after

bl

| each pellet in the CRF sequence . -
5 “a N :
—_ , Another study (M111enson Allen & Pinker, 1977) examined the. impor-

tance of periods, of 1ow probabi]ity ofpmeinforcement for the induction

of d‘nking M‘IHenson et al. studied dmnking and. 1ever press1ng
patterns of rats exposed to e1ther an arithmetic ser1es or random
variable-interval reiqforcement schedule., On the variable-interval
schedule with an ;rilhhetic proﬁnessign of intervals, the probability

.of food increased as a function of post-food time; Thus on this fchedu1e
‘the probabi]ity of food was relativeiy 10w (but not iero)‘in the

immedtate postafooduperiod‘ As predicted by Staddon s account, post~
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pellet. drinking was observed in all the VI animals. Lever pressing
_rates were 16w for the first 20 _.secs after_reinforcement, and increased

-

 as time from the last pellet e1épsqd.’ » -

i - ]

On a truly random-{nterval (RI) ééﬂedu]e, Tever pressing és
eipected to occur with a constant probéﬁility throd§ﬁdut the inter-

reinforcement interval (cf: Catania & Reynolds, 1968). According to " ,.-
Staddon's account, drinkiﬂg sﬁou]d be less reiiab]y obtained on a random
interval (i.e., constant probability) schedule because the post-pe[let."
interval is not an occasion that reliably signals the nonoccurrepcé;of )

food. Millenson et al.'s data supported this prediction with most of -
N a— fi et .

"the RI apimals drinking less than 10 ml of water in a session.

-
e
v

Drinking that occurred on the RI schedule was as 1}ke1y at anyvanélpostﬁ
reinforcgment time as another. Lever pressing rates were low for the.
.first 10 secs aftfr<¥ood but théreaffg;“}e§p6nding'occqr}éd at a éon§t3n£
,tate.& These differences in the am&hqt and pattern of drinking'on the

YI and RI schedules can’bgﬂfxp1ainedAwithin S;addon's account of'dr1nk{;g

as characteristic of interim S~ periods. Moreover, these results . ' R

' - . R
ndicate that drinking is dependent 6n more than a simple link between Com
eating and drinking. ' . ® )

°

In suttmary there is at least some evidence for Staddon's S~ inter-
pretation of drinking. Polydipsic drinking is less reliably obtained
when food is preéénted on a CRF;scﬁedule (Keehn & Colotla, 1970) or on

a RT schedule of reinforcerient (Millenson et ali, 1977). In conjunc-

o

tion with étressing the 1mp0rtancé’bf'$" periods for the induction of

drinking, Staddbn's account clearly implies that drinking’shbu]d occur .

L

&

in S~ periods that are s1gnaﬂf§d by events other than food, According//
to Staddon (1977b), 'the 1ink between eating and drinking iscnot essential /

8
e |
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,i“ ' for the 1nduction of dr1nk1ng Although there is evidence that the 1ink

- between eat1ng and dr1nk1ng cédn_be modified somewhat within the 1nter-

R

food’1nterva] there are no clear 1nd1cat10ns of polydips1c dr1nk1ng
<.
during §° occesions that are disassoc1ated from food. Thus the’ question

. of whether rats dr1nk dur1ng s” per1ods that are signalled by events
- : . AT

‘other thah food remains unresolved : T '

The, experiments reported in this thesis examined Staddon 3 S inter-

H L . 0

! ‘ . "~ pretation of 1nter1m behavior by study1ng dr1nk1ng on different schedules

of positnve reinforcement In the next chapter a s1mp1e experiment

Py

is descr]bed which exam1nes more directly the question of whether

b g ‘ ‘ dr1nk1ng occurs “during S~ per1ods that are s1gna11ed by st1mu]1 other
: s
e than food T S .

.
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effects of food cbnsumption_pgr'gg. Accordiﬁg to Staddon's account,

«ponent of ‘the multiple schedule. The extinction. component of the

- . * _/
CHAPTER ITT. . /f
EXPERIMENT 1 : - .

N - _ .
Interim Activities and S Periods

Polydipsic drinking reliably occurs shortly. after the ingest%on of
a,fooe pe]iet on a varfety’ef fixed or variable ie:e;val schedules.
Staddon (1977b) has suggested that drinking is induced by the unavail-
ability of food at such times rather than by the presence of food per
se or its ingestion. Aceording-to Staddon, drinking, iike all other -
interim behavior, need not be tged to post-food periods but may occur
at times or in the bresence of a variety ef stimuli that signal the
absence of food (S~ times): A]though several differeﬁt experimental
manipulations heye beeﬁﬁﬁsed to depermine whether or not the occurrence

)
of drinking is dependent upon the presence of food, the question of

whether drinkiné.occurs during S~ times that are signalled by events
other than food remains unanswered . . -
In ‘Experiment:.1, dr1nk1ng was exam1ned in three rats exposed to a
series ofiamultiple schedules of food,re1nforcement. In Fhe initial
congit?on of Experiment,l; rats were exposed to'e mu]tipie FI/Extinc-
tion schedule. According to Staddon's account drinking should occur
during a:; occasion that s1gna1s the nonoccurrence or. unava{iab111ty
of food. The fact that dr1nk1ng typ1ca11y occurs after food on interval
schedules is thus a product of food becom1ng the most re11ab1e and
salient signal for a food-free period, rather than the nonassociative

A

polydipsia levels of drinking shou]dloecur after.foed in the FI_comJ

1 L}

-
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muitiple schedule should also induce drinking. However, if one assumes,...
» / »

& that interim behaviors are associated with the most salient S~ time
§ ~or that animals given a choice between two S~ times prefer to drink‘in

a food-initiated period, then little drinking could occur during the
' \ .
extinction component of a mult FI/EXT schedule without necessarily

damaging Sﬁaddon{s account.
- . Théfﬁheétion\of greatest concern is what happens to drinking Qhén
the food -+ no food contingency*implicit in the FI schedule is e11minate&
by changing to an RI schedule of reinforcement. Staddon suggests that
interim drinking results from a neéative contingency that prevails when
a stimulus signals a period in which food never occurs: a food+ no-
food contingency, for example (where food deliveries signal a pé}jqd‘

in which food never‘occurs) or a 1ight > no-food»contingency (where
T1ight siéna]s the unavailability éf food). -Now, in a mult RI/EXT , v
scheQule,‘food is not a reliable S, because the RI schedule progrgms at
least some 1pté?va]s‘in&whigﬁ one food delivery is 1ﬁmedia§?]y followed
by aﬁothe;>foodvde11véry. . Instead, the most reliable S$™ in a mult RI/
EXT schedule is the stimulus that signals ext1::%idh., Stadgon's

account theréfore predicts that drinking should occd} primarily during
the extinction compppent of the mulf RI/EXT schedule. Such a resufik
might alsg be gxpecéed from an experiment by Hinson and Staddon (1978)
which showed that running occurs during an extinction component of a
¢u1t1ple schedule. However, if rats do not drink during the extinctioé
compoﬁéﬁt of a.mult RI/EXT‘Sthdu1e{ Staddon's accqbnt of drinking as

an 1pter1m behavior that occurs during S~ per%ods would be ca]]ed into

serjous question." - . .




METHOD. -

Subjects

: ‘The,subjeéts in the main experiment were three male Long, Evans
» 2 N

« e vxe

hpeded rats, approximately 150 days old and bred in the laboratory.

The rats were reduced to 75% of their ad 11b weights and maintained at

L»z‘

those weights throughou% the experiment.by adjusting their post-
‘session” ration o% Purina Rat Chow. Three additional male hooded rats )
of the same strain (but obta1ned from Quebec Breeding Farms) served as
subjects in a subsequent exper1ment (Exper1ment 1a) intended to provide

-
information about poss1b1e nonassociative effects of st1mu11 used in the

R ] A PN N (0 s e

/

L ma1n experiment. All rats were 1nd1v1dua11y housed w1t2 unrestricted ¢
) \ access to uater. , : L e \
Jﬁﬁ_ ' ’ Apparatus . .- | s y '

. *wwahe apparatus was a response chamber (inside dimens1ons 23 cm x

"20. 5.cm X 19 cm) with two side wa]]s and a tqg made of P]exig]as The

end panels of the box were a]um1num. The floor was 18 even]y—spaced

-

stainless steel bars. " Centered on one end wall, 3-cm abd&e the grid
floor was a feeder opening (4.5 cm x 4.5 ém) egueréd Qy‘a\pin-hinged
Piexiglas door. This door pushed open into a feedeu box (inside dimenf

sions: 5.0 cm x 4.5 cm X 5.5 cm). _Movement of the door was recorded

by -a microswitch. A Geubrands feeder dispensed 35 mg Noyes ﬁ?TTets
into the feeder box. ‘ ’ -

A retractable lever was pésitiouéd‘bnvthe end wa11 6.5 cm above
the fioor and 6 cm to¥the rjght of the feeder door, A metal drinking

spout that protruded about 1.5 cm into the chamber was located on the

side wall 4aem above the floor and 9 cm to the left of the .feeder door.
s |
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At the start of theif1na1 cond1t10n of the experiment, a runn1ng whee]

94 cm in radius with a'10 cm entrance, 3 cm from the floor, was attachgd
to the sidé wall 10 cm to- the 16ft of the feeder. -~ ‘ -
Two 6 W 1amps were mounted on a Plexiglas 5e$m centered 9 cm above

the chaﬁber When i1luminated, theée 1amps were turned off briefly
every .b. sec creating a f]ash1ng Tight. Masking white no%ﬁg was con-

tlnuous]y present in the exper1menta1 room,

Experimental events were controlled and recorded automa§1éa113'by

equipment located in an adjacenf room. Contact with\%he.dr1nkigg spout

was recorded with a Grason-Stadler driﬁkometef (Model E4690A). Activa-

“tion of the drinkometer circuit started a clock which continued to

cumulate drinking time until .3 sec e]apsed w1th{no further contact’. .
/

The drinking spout was attached to a graduated cylinder that permitted

measurement of the quantity of water consumed in a session, Running

. was defined by closure of either of two microswitches arranged 180° apart™y

on the wheel. -Time spent runping was recorded by a clock which was
gtartéd.bxiclosure of a microswifgh and:stopped when ,5 sec elapsed
with no further éontact. Postreinforcement pause time was defined and
recorded by a clock that started with eaéﬁﬂfood dg]ivéry and stopped
when the first bar breés occurred after food. Another clock cumulated
the' time betweeﬁ each food dg]ﬁvery and.the immediately subseguent

feeder door oﬁ%%ing. Total timé;required to complete the session wqiﬂ

also recorded. Counters recorded the total number of feeggr door

.openings (nose pokes), 1icks, ahq lever presses. The experimental room

contained a'te1evjsion camera, to permit observdtion of Jﬁrecorded ‘

activities and to monitoréggg accuracy bf devices automatically recording
1 .

as v M . /

‘gehavwr. / - -
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Procedure ' ’

After preliminary shaping to lever press, the three rats in the main

experiment were given 60 pellets on»a'continuoqsrrejnforcement,schedule.

The,animels were then exposed to a series of multiple scheduTes. Eggh.

of these multiple schedules consisted of a food component; in which

reinforcement was deliVered on either a fixed or random interval schedule,
and an extinction period in which food was never de]iVered
All three rats were exposed to the fo]]owing sequence of conditions:

mult FI/EXT; mult RI/EXT mult RT/EXT mu]t RIZEXT; mult FI/EXT. On

the FI 30 sec/EXT schedu]e, reinforcement was delivered for each response

after 30 sec had elapsed from the'fast food delivery. This condition -

was in effect for-a total of ?O sessions. The animals were then given

- % !
20 sessions on a RI 30 se&/EXT schedule. The RI schedule was arranged

by querying a prebability gate (BRS/LVE model PB- 903/235 11) every 1.5

sec and se]ect1ng 5% of these pu]ses to set up reinforcement. Rein-
forcer set-ups remained in effect until claimed by a 1ever press The
schedu]e was then sw1tched to mult RT 30 sec/EXT, in which a food pellet ‘
was delivered every 30 sec independent of behegiar This condition

_continued for 24 sessions. Thé animals were returned to RI 30 sec/EXT

| for 12 sessions and then exposed to a FI 30 sec/EXT schedule for 15"

sessions..

At the termination of this condition, the drinking spout was removed »

' from the chamber and the running whee]_{ntroduced, The rats were thén

exposed to 20 éddﬁ?ﬂbna] sessions oz:imifISQ sed?EXT (wheel only)
2 .

condi t1 on.

N

Periods of no food (EXT) were s1gna11ed by flashing overhead 1ights

_for Rats 1, 2, and 3 1n the main experwment In Exper1ment la three

rats,(4};5, 6) were exposed to a mult FI/EXT condition for 20 sessjons

I's

B T Tt




: . _ where the flashing light signal]ed the FI oomponent. This permitted

'assessment-of possible nonassociative effects of the flashing 1ight on

S” ‘drinking in the main experiment. . . o ~

eIn a]] o\\mhe above condit1ons the components of the mu]tip]e
schedule were 120 sec "in duration and str1ct1y alternated. A 7-sec
! [/ period intervened between the termination of the food component and the
onset-of the extinction component. This perid&,was intended to orevent
the reconoing of spurious occurrences of activjties from the preceding
- component (e.g., a food ‘pellet that might be de]%veﬁed.during the food

- component but consgmed during the extinction component). During the FI

and RI conditions, pellet presentations set up but not collected at the -

end of a food component were saved and delivered after the first bar

oréSS in the next food component.

S ae,

s,
B

/
{ For.all rats,.the heginning of a session was signalled by the entry

-

of the lever into the chamber. Sessions terﬁinated wnen all 60 pellets

were collected. The lever was ?et}acted when the last pellet was -

delivered. L o
s
| o * °

RESULTS

B~ ‘ Figure 1 shows dr1nk1ng and barpress1ng during the last eight \
) | sessions of each condition of the main exper1ment for individual rats.
'Responding, during the food componént of each multiple schedule, is
presented in the left panel of the figure andt onring the extinction '
conponent in the right pane1 of the figure. The percentage of time
drinking (solid circles) was calculated by dividing the overa11 t1me

spent -drinking within-each’ component ' by the tota1 amount of component




FIGURE 1

Drink}ng (solid circles) and Bérbressing (6pen circles)
for individual rats du?ing the 1asf eight sessions of
each condition. Responding during the food anq extinc-
tion components is shown separately in the lefé and

right panels of the Figure. Experimental conditions -

wergggs follows: Phase 1 - Mult FI/EXT;'Phase 2 -

Mult ﬁI/EXT; Phase 3 - Mult RT/EXT; Phase 4 - Mult

RI/EXT; ;hase 5 - Mult FI/EXT.

1
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time and multiplying by ]00§“-Bar,presses per minute (ppen circles)

were tabulated by dividing the. total”thumber of fesgonsgs by the total

component time.

-,

Table 1 summarizes the results of Figure o] By providingéovera11
averages of the last eight sessions of each condition for drinking and.
barpressing. . .

Drinking during the Food Component of each Mu]t1p1e°$chedu1e

o g
Every rat drank very frequent1y when the FI schedule was in‘gffect

in Phase 1. The average percentage -of time spent dr1nk1ng‘1n this
initial phase of the experiment ranged from 39.6% to 53.5% of the com-
ponent. Each rat spent Tess time &rinking when the schedule was changed
to RI in Phase 2. A1l three rats showed a further reducpion of drinking

when the RT schedule was imposed in Phase 3. When.The RI schedule was

reinstated in Phase 4, there were no signs of recovery of drinking to

-

levels shown in Phase 2. However, when the FI schedule was reintroduced

“in Phase 5, drinking.recovered in all three rats to Tevels approximating,

those observed in Pﬁase 1. The means for the final 8 days of each phase -
(Tab1e 1) wefe submitted to a one way- analysis of variance .(ANOVA)
which indicated a significant overall effect (F(4,8) = 125,97, p < 01)

Newﬁan-Keu]s tests showed further that qrinking during each randqm schedule

(Phase 2, 3, 4) wa?’signif%éant]y Tower than on FI,§chedu1Es (Phase 1,
5). Comparisons between Phases1 and 5 (FI) and between Phases 3(RT)

and 4(RI) yie]ded no sign1f1cant d1fferences Statistical analyses thus
confirm the impression gained from v1sua1 1nspectién of Figure 1 thgt

the FI schedule generated ihe‘highest,1eve1s of drinking and that there

were only weak and inconsistenttdifferences in the levels of drinking

" produced by RI and RT schedules. Afthough‘drinking was'substanfially

- -
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attentuated in every animal by RI and'part1cu]arly RT schedu]es, it

was not ellmwnated at any po1nt in the experiment.™
M

Bar Press1ng_Dur1ng the Food Component qf each Multiple Schedule,

A]1°three rats deve]oped bar press retes in Phase i'that stabilized
between 10 and 25 résponses per m1nute There was some tendéncyf mosto
dramat]c for Rat 1, for rates to 1ncrease when the schedu]e was changed
to RI in Phase 2. All three rats showed a large decréase in bar press
rates when the RT schedule was imposed in Phase 3. Re1nﬁroduct1pn of
the RI schedule in Phase 4_produced recovery of bar bressihg to rates
approximating“those'observed‘fn Phase 2. Tﬁere was some tendency for
the réﬁnstateﬁent of thé Fi Schedule in Phase § to produce a decrease
in bet preS§ rates bqupn1y Rat 3 showed a rate ce;ﬁarab1e to that

-observed in Phase 1.

The main effects of the various phases were assessed stat1st1ca11y
by submitting the data shown in Table 1, to a one way ANOVA wh1ch 1nd1a
cated a s1gn1f1cant overall effect (F(4, 8) 9. 09 p < Oé§g A Newman-

Keu]s test indicated signjficant differences between Phase 3(RT) and all

other phases. No ofher.cdmparisons were significant at the .05 Tevel.

»’

'~ Table 1 shows the average post-reinforcement pause times (defined

as the time from the delivery of food to the first bar press) during

the last eight sess1ons of the FI/EXT and RI/E&T phases” of the exper1~

o -

o

ment. A]though post-re1nforcement pause times were 51gn1flcant1y shorter

dur1ng the RI/EXF’than the FI/EXT phases of the eXper1ment (E(3, 6)
15. 7 E.< 05) pau51ng after food was by no“means e11m1nated dur1ng
the RI procedures As shown 1n Table 1, the(gifza1s ma1nta1ned pause

times of 10.1 sec or greater during the RI phases of the exper1ment
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Drinking Doring the Extinction Component of each Multiple Schedule

o The right panel of Figure 1 shows drinkingland.ber preesing/durfpg
the extinction‘coooonent‘for’%ﬁch gzgee of the experiment. For every

rat, drinking occurred very 1ofre§uently during the extinction component.

. Observation of the animals via video monitors revealed -that, when diinking

did occur during the extinction component, it was nearly alwayeéio the
first few seconds as part of a bout .that began during the food component

following a food delivery. Actual initiations of drinking during the

extinction component~were very rare. The maximum amount of time spent

drinking in any extinction period was 10 secs. No systematic relation-

-

ship canuge observed in Figure 1 indicating that significant decreases
in food component drinking were aétompanied by increase$ in extinction

drinkiné. A one way ANOVA performed on the data presented 1n Tab]e 1
\\ e

revealed no s1gn1f1cant overall effect (F(4 8) 1.02, p >, 05)

Bar Press1ng Dur1ng the Extinction Component of/each Multiple Schedule

-

-~

Very low rates of bar press1ng were observed in all phases of the

exper1ment ANOVA of the data-reVea1ed no s1gn1f1cant overall effect
.(F(48)'1]0 R> ) ) e
Wheel Running in Phase 6 _:'

A
i

As described earlier when'the main experiment dep1cted in, F1gure 1

4

was completed, all 3 rats were given a further series of 20 sessions of

FI/EXT training in which a runnin§ wheel was substituted for the watevr
A

bottle, in order to determine if dr1nk1ng, which Staddon has described

A

as-an 1nter1m behavior (Staddon, 1977b) and whee] running, ‘which he has

also described as an interim behavior (Hinson & Staddon, 1978), have

’

simiTar patterns of occurrence in FI and Extinction components.

R \

.
L~ : @
, ,
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The results of this procedure are presented in Figure 2, which shows

the percentage of running time (so]id squanzs) displayed. separately
for the food and extinction components of the multiple schedule. For

comparison, drinking time (circles) dur1ng the mult FI/EXT schedule in

IS T

Phase 5 of the experiment is aaso presented in Figure 2. Each deta

point represents performance during the final eight sessions averaged
across all three rats. When a water bottle was evai]éb]e, the rats
allotted most of their drinking time to the food companent of the multiple
“schedule (Rat. 1 = 52 4%; Rat 2 = 35.6%; Rat‘3 = 51.0%). Very tittle

N
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dr1nk1ng occurred in the extinction component (Rat 1 = 2.9%; Rat 2 =
1.2%; Rat 3 = 3.3%). In the wh8el only condition, the opposite pattern
occurred. A considerable amount of running occurred during the extinc-

tion component (Rat 1 = 50.8%; kat 2 = 31.7%; Rat 3 = 30.8%) whereas

-

relatively little time was spent running in the tood component (Rat 1 =

18.0%; Rat’qg 7.0%; Rat 3 = 9.2%).

E_per1ment 1a

As descr1bed earlier, three add1t1ona1 rats were exposed to a Mult
FI/EXT condition for 20 sessions where the flash1ng 11ght signa]led the
FI component (counterbalancing st1mu1us conditions in Experiment 1).
Every rat drank veny frequently when the FI schedule was in effect.

The average- percentage of t1me spent dr1nk1ng dur1ng the last eight
sessions was 44.7% for Rat 4, 51.1% for Rat 5 and 41.6% for Rat 6.

As in the main experiment, very 1ittle drinking occurred during the

, extinction period (Rat 4 = ,89; Rat 5 = ,94; Rat 6 =,.70). Overall, the~

data for these three rats were very similar to_those obtained in the
)

-

FI/EXT condition- in Experiment 1, %




T aswmpes e

FIGURE 2

-3

Percentage™of time spent drinking (solid circles) and

wheel- running (solid squa%e%) disblayed‘separate1yif;r

the food and extinction componen&s of Mult FI/EXT

schedule. Drinking data represent /;erformance during g
the final eight seSsioﬁs of Phase 5; running data,
responding during final eight sessions of Phase 6.

The data are means across all 3 rats in Experiment 1. ,
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DISCUSSION

o
-

o S e Y A o
i

In all phases of the é}periment, driﬁking was almost‘entirgly a
post-food activity. Very little drinking occurred auring the extinc-
tion component of the mu]tip]é schedules. Drinking that did occur
during extinction was always observed to be a continuation gf drinking -
: initiated after presentation of a peliet in the pirévious food component.

One possible explanation for the Iack of drinking in the extinc-
. tion- component is that thg stimu]ué signa]]ing the extinction period
(i.e., overhead flashing 1ights) had some nonassodiative effect such .

) ﬁ
that drinking and/or all behavior was ‘suppressed By its presence. This

éxp]anation seems unlikely however, s%?ce no detrimental effects on L
drinking were obserygﬁ in Experiment 12 when the same stimulus signalled B
the food componentﬁbfrthe Mult FI/EXT schedule.” Rats in that“experj— :

” .ment drank as much or more than the animals 1n/;hg mé}g expériment.

Moreover, when: the rats in the main expeirment were given access to-a

U

running wheel in Phase 6, they spent a considerable amount of time running
during the extinction component signalled by the flashing 1ight. Those

results -make a nonassociative explanation extremely unlikely. S~ e

74

- ’ Polydipsic drinking reliably occurred after food in the FI phases

A
\

of the experimentz‘ This drinking might be characgerized as a S'food

SRR

activity since food reliably signalled a nonreinforcement, period (s~ time) |,

- |
on the FI schedule. . According to Staddon's S interpretation of

-

drinking, a second opportunity to drink was ava11ab1e/guring the extinc-

tion component of the FI/EXT schedule. Since this S~ period was

signalied by a flash1ng light it can be abbrev1ated as S light" The
- lack of drinking in the ext1nct1on component of the FI/EXT schedule -




might be exp]aine& by asserting that food is a valuable and hence

extremely. salient stimulus for a hufigry rat. The 11th was, in compari-

son to food, a relatively weak or neutral time Smarker which induced

P atatian

— re]ative]y little drinking. Thus in the FI/EXT phases of the experi-

- - R - =
.ment, the S was™ overshadowed by the S food" According to this

light
| exp]ana#ion, diinhing should develop during S-léght when RI and}RT schedutes
wé, are in effect since feod should no longer be a reliable signal for a
l ‘ S” period. That reeult did not occur in this experiment.
/ There is, however, a poesib]e explanation for the absence of S"tht
| _ ~ drinking during RI and RT phases which must be considered before
$ Staddon's account can be seriousiy questioned. In the phesent expeni-
K : ment, food‘sz established as a eiéna];for no food in Phase-1 FI
o~ » training and animals 1earned to drink~in the post-food period. It 1§
- “possible that this pattern of drinking 7fter eating pers1sted and
1nterfered with the esta51ishment of a truly random distribution of food
deliveries en the RI schedules. An examinat1on of postreinforcement

= pause, defined as the time from the de]1veny of food to the first bar -

press,tends to support this possibility. A]though pause t1me decreased

.
¥ Yoo AN g,

in the RI condition, the animals maintained average pause t1mes of 10.1

sec or greater in the RI conditions. S1nce the S 0od occasion for

St o v

drinking was n§t necessarily eliminated by the_RI and RT procedyres,

drinking in the fond component may have overshadowed any drinking that ‘
> - .

otherwise may have developed 1in the ext1nct1on component It is “

%

obviously necessary to examine the development of drink1ng in anima1s

-

xposed to. randdm»schedu1es from. the outset of trainfng That was done

i
) g in the next experiment.
4

' #
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CHAPTER IV |
EXPERIMENT 2-

AR RETGATPITE S SR

- Interim Drinking.pqring Poé%-Fdod

PO

Times and S~ Times Dissociated From Food

In the first experiment, polydipsic drinking was a food bound
activity. Very little drinking occurred during the. extinctiop components
of either fixed or random multiple schedules. These preliminary results

suggest that driﬁiing is confined to food initiated S~ occasioﬁs

»

(S fo0al - « &
' Experiment 2 studied four groups of animals each éxposed to one

-

Sf the following reinforcement scﬁégules:

(a
(b

VI 30-sec¢
RI 30-sec.

)
) .
(c) Mult RI 30-sec/EXT
(d)

Mult VI 30-sec/EXT
These experimental ggoups were chosen so that the following compari-
sons and questionsﬁpight be examined. First, this experiment pe;mitted .

're-examination of the question.of whether drinking -occurs during S~

i -

periods that are signalled by events other ‘than food. The question of ////

. particular interest is whether drigkinngccurs during_Extinction com-

ponents wﬁén‘a Mult RI/EXT schedule is enforced from the outset of training.

2

I

Second, anlattempt was made to replicate Millenson ét al. (1977), by
training ;ats'ﬁo 1eve; presé for~food on either VI or RI reinforcement
schedules with a Qatef bottle aY;}iab1e. As previouﬁ]y meniignéd,
Mi1}énsoq et ai, found that .induced Arjnqud was less ﬁe]iaﬁly‘dbtafngd

on a raridom interval schedule than on.a variab}e-intervaf sChedulg{ '

. Lastly, the eXpekjméhp examined drinking and bar pressing in rats
N . L : .
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- exposed to eithey simple (VI, RI) or multiple schedules (VI/EXT,
1 ' ' RI/EXT) and thus provided an opportunity to rep]icate an interesting
fihding by Jacquet (1972) of contrast 11ke effects with drinking.

Th1s effect was observed in transition from a Mult VI/VI to a Mu]t
VI/EXT schedule. A]though increase in terminal behaviors. such as bar-
press1ng or key pecking ‘have been observed in many other/exper1ments

using similar procedures, Jacquet*s finding of behavioral contrast

VRN e G s e

with an interim behavior such as drinking was a relatively novel result.

°©
v
%

| — e e iy 5 e
v WS 2

t METHOD
Subjects z
- The subjects were twenty—eight male hooded rats obtained from the

. Quebec Breeding Farms. The ad 11b weights of the rats were all within
a range of j_gi‘oﬁ'38¢.7g upon arrival in the laboratory. The rats,
_were. reduced to 80% of .their free-feeding wejghts by'food deprivation
.3 ‘ andbmaintaineq near thpse weights for, the duration of the experiment.

E 3

A11 rats were fndiVidually‘housed with unrestricted access to water.

) Apparatu . ' - .
/\\-O l ./

The experiment was carried out using two chambers housed in separate

rooms. Each chamber was 1dent1ca1 to that used im Experiment 1. Rats
in two-groups (VI RI) were run in one chamber wh{le rats in the
remaining groups (VI/EXT RI/EXT) were run 1n the other chamber
Procedure ' }

The rats were. randomly assigned to one of .four groups of approxi-
mately equal mean weight (VI = 306.5 g, RI ="306.2 g, Mult VI/EXT =

308.6 g, Mult RI/EXT = 309.6 g). All,arnimals were trained to lever press

-

. —
. ‘ N g . - -
N 4 N

38.




- e prm— AT A —————————

- B I e e i i

B e T B ..~ - - B i e i

e

x» for food and then given two sessions of CRF.

The procedures were identical to those of Experiment 1. The

va]ues and ordering of the intervals composing the VI 30- sec and Mult .

VI 30-sec/EXT schedules were as follows: 31, 17, 46, 27, 15, 44, 35.5,

14, 21.5, 51, 40, 18

Drinking tubes were installed after §ix initial days of exposure

to the experimental conditions. Each group received eighteen daily

sessions with the water bottle presént.

N © .. RESULTS

' s
E 3

- Table 2 shows the/average times for each group to obtain al}] 60

pellets for the last six sessions in the experiment. There were only

minor differences among groups, which suggests that all schedules

~

succeeded in generating reinforcemeht rates cldse to the nominal 60

re1nforcements/30 minutes for a VI 30-sec schedule and RI 30-sec

P

schedute. The most 1mportant 1mp11cation of Tab1e 2 is that rats on

®

the RI schedule must have received pe]]ets at the programmed random -

intervals and that the schedu]e was not contam1nated by. pausing as in
Experiment 1. ‘ \ .
Figure 3 shows the average- percentage (%) of. time spent_drihking
(1eft panel) and the average‘ndmber of barpresees/min (r%ght.paneI)
for each g%oup during Seseions 1-18. The filled circles indicate the
group mean for the VI/EXT condition, cben circles for the4Vf=6n1y con-

dition, f111ed triang1es for. the RI/EXT condition and~open triang]es

for the RI-only condition. Data from the ext1nct1on component of the

mu]tip1e schedule condftions are d1sp1ayed separate1y in the lower

~pane'ls of Figure 3

7




_ TABLE 2

" Session ?img (in Minutes) for Each Experimental Group

e

Data are averages of the Last 6 Days

&

4

VI
/ RI
¢ - Mult VI/EXT - : Food component only

Mult RI/EXT . Food component only

-

)
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FIGURE 3

Mean daily rates of barpress1ng (r1ght panel) and percen-
tage of time spent- drinking (left pane]) for each experi-

mental group: Mu]t VI/EXT - solid c1rc1es VI - open

c1rc1es Mult RI/EXT - solid triangles RI - open tri-

angles. Data from the extinction cgmponent of the Mult

VI/EXT and Mult RI/EXT groups are displayed iﬁ the

Data ar E*%e ans” across all

%
seven rats in each experimental group.

-

Tower pahe1 of Figure 3.
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‘flnspection of the left panel squesté.that'the VI/EXT and RI/EXT"

bﬁ?beps spent more time drinking during the fbod cogiponent than the’VI

and RI groups. The differences between the VI/EXT and VI-only groups -

=were most noticeable. For example, in the last five sessfons the

VI/EXT g?oup spent 37.7% of the fooe component-t1me drinking compared
with an average of 18.6% for the VI-only grdqp Apparent ditferences
between drinkirrg in the RI/EXT and RI groups deve]oped muclr later in .
tra1n1ng During the 1ast five sessions, the RI/EXT group devoted 23.8%
of food component time-to drinking compared t0.15.5% in tﬁf RI-only
group. ‘The VI-only-group spent more time dr1nk1ng than the RI- only-

group throughout the experwment However, the difference between the

"gnoups was -small. o . .

- LI .

Yariability within groups was sufficiently great that many of the
apparent effects in Figure 3;did not receive statistical confirmation.
The drinking data in Figure 3 were submittéd to a 2(Extinction vs. no

extinction) X 2(VI vs. RI) X 18(sessions) analysis of variaice. -This.

’analysis indicated that,'although inspéctioq)d? Figure 3 suggests that'

" higher levels of drinking were produced by the RI/EXT and VI/EXT than

the RI and VI schedu]es neither the main effect of Extinction nor the
#

EXT X Session tnteract1on was sigpificant (Ext1nct1on. 511,249.- 2.99,

p = .096; EXT X Sessions: F(Lg,408 .849, B= .634). There' was élso ‘

[N

no significant main effect of VL.vs, RI schedules (F(1*24) = 2,16,

-

p = .153), but there was a s1gn1f1cant $chedu1es X Session 1nter§et10n
(F(17 408) = 2.24, p = .003), 1nd1cat1ng that there were only»minor
differences attribut&b]e to the VI vs. RI var1ab1es in early sessions

but greater dffferences in later sessions. Finally, there was a signifi-

cant m&fn effect of Sessions F(h7 408 = 2.33, p = .002) reflecting a

*
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general tehdency 1n”a11_groups for drinking: to increase as training

v . . -~ L4
>

-.continued. - . S
P - \w <

-

- Barpresses/min are presented for each group throughout the experi-
* ment in the right panel of F1gure 3. Prior to Sess1ons 1-18, the an1ma1s'
.. had been exposed to six sessnons w1thout a water bott]e avai]able. The _
- group means ca]cu]ated for these 1n1t1a1 six days were az’f011ows. v ' )
'F . VI/EXT 28. 6 RI/EXT - 21.7, VI = 20.6, and RI = 16 7. As. shlén in
;g. _"' Figure 3, differences deve]oped among the group; as training progressed
C ' w1th the‘RI/EXT and VI-on]y groups barpressing at 1evelsrabove the VI/EXT
. ' and RI groaps._ Dur1ng the Iast six days of training, barpresses/min
.LBZ;:.T ;'%‘ averaged 44 1 for the VI-on]y‘group and 36 8 for the RI/EXT group.
e BarpreSSIng rates for the RI and VIAEXT grOUps were 27.1 and 25.0. Again
.:” ‘ however, there was cons1derab1e variabf]ity_and over]ap among groups 1n

”,;__ rafes of barpressing’and a 2(EXT 'vs.. ho. EXT) X 2(VI vs. RI) X 18(Sess) “

_;J ;' o ANOVA reveaﬂed no sign1f1cant ma1n effects and no sign1f1cant 1nterac- "
£ . -e et 3 B o -~ - R R P T X <7
'. .‘Jlfﬂ“;\ _"‘:‘“- t1 On S al .:' .\.r : . s ’ ) 4&‘ - .:s- "‘-: ‘: ' N .._: N '-f o :- . ¢
-~€f;;:e/ ExtTnction component oL T e e e ERTRN
LIS :.5 (S .&{“\" . - J = P - ..},: . o o o . . ,

"The percentage of t1me spent dr1 t ng during the ext1nct1on co@po— ..

w6 R
g Y CRUN 1. ;{:
o N * Ml

fj!’ nent o? each my]tiple schedule is’ presented jn the lower right pane] of

l .tcvi .:::,‘ ;\_ . ? ; '_‘ 1_1' & % [ .

. o Q‘Eigure 3. The tota1 dr1nk1ng t1me never exéEeded 2 minutes for either .
: e . : P A N .
group, ,There Was, 1n fact, some tendency for drinkwng 1n S to decreaseﬂ

s o ..é- . .t

' as training progressed ,an effect that was ref?ected 1ﬁ the.ANOVA by a.
iR -
,_s1gn1ficant Sessions effect {F(17 204) 3 535 ‘p_ 01) v Note also that

,,, .v""

_ the VI/EXT ra'tsr draok, shght]y 1ess than RI/EXT ratg in ear'ly sessions,

9""‘, ) Pt

P : B
FE N e I

.»A

but s1ight1y more:fh later Sess1ons. That.effecﬁ was reflected 1n a l'V
BT .

signiﬂcant §'<':hediﬁe X Sess?on 1ntéraction (F(]? 204) - 2. 19 p_ 01)

3"‘
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. Observation of animals indicated that drinking during the extinction

«component after the initial days of training was confined to the eanﬁy '
n\gl . N , . - - - - . W .. .- - .

seconds- of egch extinction pekiod. As in Experdment 1, S"dricking

\ -~

* typically 1mt1ated by the/ delivery of a food peﬁet in the preceding
' [

1 . . .

R e s

SR e e A

\ d component -
/,//— Barpressing (lower righé panel) occurred at relati}e]y 1cw_1evels
éuring the extinction component of each mu]tipTe schedu]e) ANOVA
revealed no significant schedulé effects and no significant interaction.

Figure 4 shows average post—reinforcemeht,pause time for each group

7.

- across the 18 days of the experiment when 3 water bottle was available.
. s s .

Fe; the RI-only group, the duration of postireinfoccement pauses was

.
s g W AP “'M%WW ¢ LR P

‘ short, ranging between 3.8 sec and’ 5.4 sec. A substantial porcién of

. this time was spent consuming the i@t pellet. P°aUSe*time in the RI/ZEXT

group ranged from 3 5 secs to‘ 1. secs in the initial 12 days of training .

and increased to a maximum of 8.1 secs in later sessions. \Longerﬁpause .
) times occurred in the VI—on]y group and especialiy‘the VI/EXT group.

; . Pause duration in the 1atter group ranged from 6.0 séc to 15. 2 sec.
B ST Fhese effects were a11 confirmed ih an ANOVA, which detected sign1f1cant A”*'
main effects of Ext1nct1on (F(1,24) ="4.97, p < .05), Schedule (F(1,24) = L

N 2 . . 12, 4, p < .01) and a s1gn1f1cant Extinction X Schedule X Sessions 1nter—

3 . action (F(17 408) ].68,_R < .05). - i T o %

Al

" -DISCUSSION .

Ay

The main findings of Experiment 2 were: (1) that RI and, VI

schedules 1nduced different 1evels of dranking, (2) there was a notice-

B e

able, but nonsignificant tendency fow drinking to increase in both RI

. ° \

- . i
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and VI components when they q]teFHated with extinction periods; and

(3) ggjnkipé did not occur with any appreciabfeﬁ%xequency during S~

g ,pe;}ods. ,
' e . K
Previous research suggests that drinking is less reliably obtained

pEre e

on .RI schedules. In an experiment conducted by Millenson et al. (1977),

six of the eight rats exposed to a RI schedu]evféilgg to develop poly-

W e Asn e

dipsia whereas all four rats on a VI schedule drank excessively. For
. " )
the two exceptions in Millenson's RI group, drinking increased over

- training and ultimately reachedqﬁévels similar to those obtained by VI >

JR e o o B

rats. Drinking in these animals was aigg;simi]ar to VI d?fhking in that
: -

o h—— o

R it occurred immediately after peliet delivery. A similar result
occubred in this experiment. Ore rat in each of Group RI and RI/EXT
began drinking when the water bottle was 1ﬁtroﬂuced and this post-pellet

: drinking continued to increase throughout the experiment. In these cases,

e & 9
the ‘animal®s initial behavior alters the propert1es of the schedu1e By

-

. dr;;&ﬁhg after eat1ng, the animal changes the d1str1but1on of interpeltet
intervals so that the RI schedule more closely resembles azVI. According

' " to Staddon (1977b) this kind of schedule - behavior interaction is not

- " an uncommon occurrence 1h s1tuat1ons that allow 1nduced behavior. The®

' results of this exper1meqt'and’those of Experiment 1 suggest that’this
type of interaction 1§'éspecial1¥ 1ikely to 1nterfér$ with the. assess-
ment and interpretation of drinking‘on RI schedules of reinforcement.

There was a tendency’?br drinking to Tncrease ?ﬁ the VI component. -
when it alternated with extinction periods. A simi]ar but smaLler effect
appeared to develop much later 1in training “in the RI/EXT ,group. This

. effect was pot\stat1§t1ca11y reliable, however, becau§e neither the main

effect of EXT nor the Session X EXT interaction Wwas sign1f1cani§§Eé It should

-

\
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! -
be noted, however, that this experiment was terminated at a time when

both VI/EXTand RI/EXT groups were:stjl] showing increasing levels of
drinking and it is possible that further training would hare produced

8 , .
~ more drdﬁatic effects of the extinction component. At prg;ent; we.-can

on]y note that there was e%ﬁe'support for Jacquet's (1972) finding that
an extinction component facilitates drinking, gpt that the effect was -
inconsistent and not statistically sign1f1cant It is probab1y impor-
tant to note that this experiment a?go failed to demonstrate a contrast
’”’/"~\~h¥ect in barpressing, a widely-recognized robust phenomenon. Perhaps

- " the d1ff1cu1ty stems from the between-groups design used in Experiment

- AR W RPN TIPS DTN fs vt s i ek &

2, because most demonstrations of contrast ‘have used a w1th1n subJect
. design :f‘wh1ch, for example, an1ma]s are traineg initially on a VI
. sohedu1e, then switched to VI/EXT to assess possible facilitating effects
of.the‘éxtinction component, then returned to VI. Jacquet's (1972)
ftnding obvious]yrdeserves repTication with such a design. Further
. data perta1n¥ng to this question are reported in Experiment 3.
The far more 1mportanf finding, however is that drinking did not
occur as as act1v1ty even when the RI component was enforced from the

outset of training. This clearly argues aga1nst‘Stanon s " account

‘ Of'interim drinking.

s
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: -  CHAPTER .V R o
L ' MEXPERIMENT 3. -
« Interactive Effects of Drinkiﬁd and '
Running During Post-Food S'_Timeé and ~
- ““\ . o 0 N
# S~ Times Dissociated from Food

/
: _ N “Recently, Staddon (1977b) has criticized the traditional single
compbnent approach io.fhe study of operant behévior.¢“He has argued

: ' for a more molar view which involves the study of interactiong among

a variety of behaviors. .According to Staddon, "The *Taws' of operart

behavior are not a properiy of i§61&ted“reflexe§, but emergent pro-.
perties of a Set of interactions among induced states and their
qssoc%até& behaviors" (Staddon, 1977bi;p. 148).

If- one seriously considers Stqddbn?é multi-component abproach to =

. Operant bﬁﬁav{or, then interim‘and te;ﬁinal beﬁévior cannot be proqucj

tive]y studied.in isolation. .A]thpughltﬁe e;periments rePonted pre-
viously in this thesis were mainly concerned with interim drinking, ~
it may well be that the level and distribution of interim d;iﬁking can

only be understood in re]éféon to other behaviors that interact and co£§

. . _ -
pete for available time on periodic food schedules. Can Staddon's mu]ti«ﬁ‘

’

component approach be apb]ied to performance in Experiments 1 & 27

raters o

- ’ , In recent writings, §%addon hds increasing]& emphasized the idea

of coﬁbetitibn as aq_imﬁortipt factor in determining the Tevel and dis-
: - -

tribution of any one behavior in an animal's.repertoire.- Staddon's

analysis of performance isa%§§6d on the view that "organisms optimize

not a single .variable, such as reinforcement rate, but rather some

. function of the total repertoire of behavior, subject to 1imitations of

time and the constraiﬁps'imposed by thgﬁscheduleﬁ'(spaddon, 1979 p. 50). .

e
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The allocation of time to any given response is determined by the

I4

'competitive relationships among all behaviors in the animal's tota]

-repertotre. For éxample, when a hungrylrat is given food on a per1od1c
o

schedule, a proportion of each inter- foodinterva1 may. be taken up b§§9

‘the term1na1 response, another portion by induced interim behavior such

:as drinking and a third portion may be devoted to-other facultative

activities, such as wheel running.~
One of the major assumptions. of the time allocation model is that

in the steaﬁy state, any change in the rate of one aqtivjty will pro-

. )
duce a complementary chafige in the level of others. The model predicts _
. -~ s

that if drinking, for example, is pré@ented, other activities in the
animal's repeptoire such as barpressing and runhihg should expand to‘
occuoy the time made avai]ab]e. Although only a few studies provide °
relevant information, there is some evidence that when interim dr1nk1ng
1s prevented, increases in the 1eve1 of other act1v1ties do occur (Cook
& Singer, 1976; Iversen, 1977; Staddon. & Ayres, ]975) In the experi-

ment by Cook and S1nger (1976) food deprived rats drank excessive1y

~after edting on a FI 60 -sec scheduTe When the dr1nk1*g.~ube was empty,

11ck1ng decreased and large increases occurred in all other act1v1t1es .

such as barpressing, exp]oratory behaviors and grooming. When the

f111ed dr1nk1ng tube was re1nstated all behaviors returned to their
original Jevels. f“ ,
Although it is difficult to sggcify the exact naturé of the reTe-

tionship between interim and terminal behavior in the experiments

" previously reported in this thesis, an analysis of perforﬁancexbased on

comoetition Tead? to eomejinterestihg hypotheses concerning (a) the

" ‘allocation of;drinking_fn the food and extinctiqnlpomponents of the
. .

-
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multiple schedules and (b) the 1eve1 of interim dr1nk1ng and barpressing

~ within the food component of the’ mu1t1p1e schedu]e o~

A]locat1on—of Drmnking~1n the Food and Extinction Components of the

e et

Multiple Schedu]es - : .-
CIf 1nter1m and termanal act1v1t1es, as Staddon (1977b) suggests,

are antagonistic classes of behavior which 1nteract and compete for

Svaitable time, the reallocation of drinking from the Food component

of the multiple schedule to the extinct1on component might have been

A TIPS < 20 A S e A

most 11ke1y to occur in the Ri/EXT condition of Exper1ment 2. Iné;his
%
condition, barpressing increased in the fogd component from dn average

[

A3 - L

rate of 21.7 responses/min before water was available to 36.8 responses/

min in the final six days of training when water was available: The

-

time allocation model predicts that the change in the rate of barpressing

\ i - . . . -

should produce a complementary change in the level of other activities,
so it is neasonable to éyggest that less time’will be available. for

other activities such as qninking when barpressing occupies a greater

e -~

amount of the'inter—food interval. 'Aéoording to Staddon, a second .

opportun1ty to engage in interim act1v1ty is prov1ded by the extinction
\

component of the schedule. Term1§§1 responding occurs at a re]ative]y
1ower rate in this component and since this source of suppress1on is
removed dr1nk1ng should be free to occupy a large percentage of time

o s b

within the extinction component of the gg1t1p1e schedule. However, in..

Exper1ment 2, the reallocation of dr1nk1ng to the ext1nct10n component

did not occur as expected from Staddon s account. These re§u1ts are .
inconsistent with observations by Hinson and Staddon (1978) in which
< v ) ) - ¢’

running was reallocated to the extinction component of a multiple

VI/EXT schedule.
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It ié‘a]so_jntéresting that in Experiment 1, drink{ﬁg and rupnfng
were allocated to differght compdnents of the multiple schedule. Rats ~
trained on a FI/EXT ébheduiéaaliotted most of their drinking time to
the food cémponent when a water bottle was dVEﬁ]ab]e whereas running
occurred primarily during the extinction component, wﬁen a running whee]
was available. These resu]ts suggest that drinking and wheel running

-r

differ in the extent to which they can be reallocated to S . times dis-
sociated from food. This difference may account for the discrepancy
between-the present experiments and Hinson and Staddon's, data.

Level of Interim and Termina] Activities within the Food Component of

the Mu1t1p1e Schedules

In both Experiments 1 and 2 dr?nkjng and barpressing were confined to
the food component of the multiple schedules. zfﬁége interim and terminal
activities, acéording to Staddon, compete for the time available on fhe
food schedule. A variety of outcomes might be anticipated when these
food-béuﬁd 1nter{m and tekﬁ1na1 activities compete for the time available:
(a} increases 16 interim activities may occur at the expenseof terminal
responding; (b) terminal responsks may increase while intérim activities
decrease; or (c) both interim and terminal responses may increase. ‘

The results Qf Experiments i_and 2 ;uggest that itjmay be difficult
to pfedict,the ouféome of the competition betweén interim and terminal
responses in any given’experimental setting. In some insténces, 1ntei5m
activity may increase at the expensé of terminal responses. For example,

there was‘h slight tendeﬁby for barpressing to decrease in the VI/EXT

condﬁt1on of Exper1ment 2 when drjnking increased. Although this effect

. was small, it might havetmcome]arger with further training. A more

A,
typical observation is thq} increases in terminal respondipg occur at

" . . *
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the expense of interim activities (behaV?or contrast). However, in

NOA SR AN LA R IR S 8o yamn 4

most exper1menta1 sett1ngs, 11tt1e st1mu]us support 1s provided for

\ 1nduc1ng strong]y compet1ng 1nter1m activities so this "contrast" - 4
result may not be as general as 1s popularly supposed. A third -
poesib1li%y is that both interim and terminal activities increase in’
strength, as'observed 15 the Jacquet (1972) experihent. At first, this

: alternative appears inconsistent with the major assumption of the time

allocation model since it requires that an increase in the rate of one

activity will be asgociated with a decrease in others. However, this .

[ g
i
i

outcome can be acco within the model, if behavior in a third =«

response categony%js eoesidered in the analysis ofyperformance. For
example, in ExBE?imentEZ, it is possible that "othelﬂillrecorded
activifiee as well as interim and terminal fesponses‘competed for eime
avai1ab1e. Indeed, the .level and distribution of both barpressing anq
drinking may have .depended on the strength of behavior in this "other"
category. in an_experiment by Staddon and Ayres (1975) %he bropprtion
: . of the interval eevoted to barpressing and drinking was dependent ubon

the strength of the facultatiQenbehavior of wheel running. It is™not

! known what role, if any, behavior in this facultative category played
i ) in the results of the first two experiments. In'these experiments, no

- .
"~ attempt was made to measure facultative behavior in order to determine
its influence on the level and distribution of interim and terminal

responding. _ _ ‘ ///’

Exper1ment 3 attempted,;o assess the 1nteract1ve effects of thése

three c]asses ‘of behav1or (viz , interim, facu]tative and termina]) by
exposing animgls to VI and VI/EXT schedules in a situation where drinking.

wheel nunnihg and barpressing activities were simultaneously available.
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- The purpose of the experiment was to: (1) replicate the maJor f1nd1ngs
of Experiments t and 2 that drinking is a food bound act1v1ty that does
not occur in S~ per1ods signalled by st1mul1 other than food, (2) deter-
m1ne if running is s1m1]ar1y a food-bound act1v1ty or if it occurs in
S™ periods s1gna11ed by stimuli other than food (e.g., Hinson & Staddon,
1978), and (3) determ1ne if competition amgng these three major respense
classes enables one to account for changes’in the allocation of time to
any given response produced by the multiple schedule procedure.

L]

METHOD T

Subjects - )

Ten adult male hooded rats obtained from Quebec Breeding Farms
were used in the experiment.- Prior to the beginning.of the‘experi--
ment the rats were reduced to 80% of their gg_llg_we1ght and maintained

4

-at _those we1ghts throughout the exper1ment /\\
Apparatus ~ ~ o & (

The apparatus was the same as that used in Experlment 2 ¢in the Vi/
EXT condition. ) _ - ‘
Procedure _

Pretraining. Two days prior to the beﬁinning of the experiment, each
""rat was allowed to run for 20 min per day in a whee]\simiiar to the
one'atteched'to the operantighamber. A11 rats Tlearned to run and the
number of revo]utions per 20 min averaged abodt 150 on Day 2.

The rats were, maga21ne trained and shaped to ]ever press in the |

L

operant chamber. In the next two sess1ons, a leyer pre551ng response

Fa ‘]! ‘ - o -
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resulted in delivery of a food pellet. Each sessihn terminated afte;

delivery of the fortieth pellets

Experimental sessions. The rats were randomly assigned to-one of

two groups of approximately equal mean weight (Group 1 = 293.8 g, =
Group 2 = 291.4 g). For Group.] the. following experimental conditions
. (~

were imposed: Condition-1, VI 30-sec schedule for food reinforcement;

Condition 2, multiple VI 30/EXT schedule; Cendit{on 3:~VI 30-sec

schedufef’ For Group é, the sequence was:. Condition 1, mu]tfble

VI 30/EXT schedule of food reinforcement; Condition 2, VI 50-sec
Schedule; Condition 3, multiple VI 30/EXT schedule. Each VI-only and
VI/EXT session was conducted in the manner of Experiment 2. Condition 1
for both broups was preceded by six days of exposure to the reinforce-

ment schedude with the water Bottle removed and access to the wheel
) .

blocked. Thereafter, animals received 20 sessions in Conditions1 and

3.and 30 sessions in Condition 2 of the experiment. wThe water bottle

-~ ~

~ . and wheel were freely accessib]e throughout all these sessions excepp

during Sessions .3 and 4 in Condition 1-when the npee1 was blocked tg/

permit the development of drinking. :Eech session concluded when 40" °

/
i

pe]]ets had been collected. .
Igﬂadd1t1on to the measuresdescribed prev1ous1y in Exper1ments 1

and 2, t1me spent pressing the 1ever was ‘recorded by a c]ock wh1oh

started when the Microswitch on the 1ever was closed (Tever depnessed)

and stopped whén the Microswitchﬁopéned Feeder time was necorded by a

clock Wh]Ch ‘Started when the Microswitch on the feeder door wa c]osed

(door opened) and stopped when the dogr c1osed (M\crosw1tch opened)

' Percentage\of time was used as the dependent measure of a11 behav1or

e \

(1 e., dr1nk1ng, wheel running, bar and feeder act1v1t1es 1q this

.

- - . R

| B . '
;
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' ) 17_’/’./ o ‘experimégt~ “This method of measdrément focuses attention on.how sessfon °
‘ 1}?1f h " ,t1me is a]Tocated The argument 1n favor of :time rather than nuﬁber ¢
/5;ji o _: of responses as a fundamentai measure has been made by maoy researchens‘
% ‘ . (e.g., Premack, 1965) and is of fundamenta] 1mportance to recent1y pro-
' ‘ posed time allocation models (Raoh11n &fBurkhard 1978) . o ’4§é
g , k __,q L ) .
: 5 * . RESULTS AP
i . <
f < ‘ : PR - « 7 i .
L The.resu1ts'of the experiment are presented for Group lvin'Figure
E‘ i | Ssand“for Group 2 'ion;F'Igure 6. R - % Tl |
. sroup 1 SR o o e 5 L e 5
) F1gure 5 shows the percentage of“time devoted to drinking, whee]

& ' running, ‘bar and feeder act1v1t1es as a function of sess1ons across each

of the three copditions " Each p01ht represents a group mean based on. :

2

a]] five ratsgfn Group 1. In this figure, the f111ed symbo]s 1nd1cate
vactivftg during the VI schedule and the open symbo]s 1nd1cate dttivity

during the ext1nct10n _component when the mu1t1p1e séhedule was in effect

¢ f

g -5
c Since barpress1ng and feeder act1v1ties are both'Eéhaviors which occur

“in ant1c1pat1on of food they were combined to proviﬂe a.more comp]ete

S I (-
.o 'measure of terminai responding e v 31 CoemT

b

3 ;”' Dr1nk1ng Dr1nk1ng (top panel) gradua]ly 1ncreased across ' ‘
sessions in the 1n1t1a1 VI- only‘conditio and stabilized s0 that_jn the

Tas\\f1ve sessions, the rats drank an-average of 17 1% of the t1me In ’
Cond1t10n 2, when the VI component a1ternated with ext1nct10n periods,\

sl
o«

the’ percentage of t1me devoted to dr1nk1ng 1ncreased In the last five
sessions of the My1t VI/EXT condition, the average percentage of drinking
° time was 34.0° (a1most double that observed in the VI-on1y con1t10n)

e . s . .
. e .

-




FIGURE 5

> '\1_ Mean daﬂy percenﬁages of t1me devoted to drmking, whee1 : ”
f : . ‘:»3 NS runmng and bar/feeder across each of the hree exper1 - T
<~ . » menta'! cond1tions for Group 1" VI-orﬂy, MuTt Vf/'EXI B
I ) & onl_y Fmed .symbols 'Indicate acté%ty dur‘fng Vi
" - . schedu]g, open—symbo’is, act‘ivity dur'lng thé ext‘inct'lon "o x’S
A :’;‘ . component 'In' *the mu’lt VI/EXT condit‘l on. * Each data' . . :
ot & '. . point gepresent a group mean based on aH ﬁLrats. . o
e : Tt e L3 !\_ ’ — > L ﬁ .\» .
’ k)
‘.\ ﬁvé ” |
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the nultip)e_schedule (open. circles). -In condition 3, when. the animals

- the VI component of the mu1t1p1e schedu1e e The average percentage oF

levels .(18.7%) QﬁserVEd-1n conditﬁon 1.

the initial VI on]y condition™® An average of 23. 9% of time was spent

Reﬁative1y little drinking occurred dur{ng~the extinction component of

were returned to VI-only there was a marked ‘decrease in drink1ng' )

1lowing food5“ However, the mean level of dr1nking in the last f1ve
E

days remained s11ght1y above that observed in the initial VI-only, condi-

~
tion., .

Running. “The percentage 6f.t1meadevoted tofrunning (middle panel,.
solid squares) fluctuated across sessions in the initial VI-only condi-
tion and eventua?]y stabi]ized S0 that the rats devoted an’average of
20.2% of/the VI time to wheel rufning during the final five sess1ons
When the schedu]e was changed to Vf?EXT whee] running during the food

qomponent decreased to 8.4% in the last five sess1ons Wheel running

occarred far more frequently in the ext}nct1on (open squares) than 1n

time devoted to running in ext1nct1on for Group 1gwas 42.2%. When the '

-

animals were. returned to the VI-only schedu]e,,runnlng returned to
1\,;' M

. Bar and Feeder. ‘The time devoted to these act1v1t1es varigg across )

v,

A

=engaged in bar/feeder act1v1t1es 1n//he 1ast@f1ve sessions.« when

access to the wheel was b1ocked in sessions and 4, substantia] 1ncreases
1nsbar an& feeder activities were observed. In condition 2, bar/feeder ‘.v' -
actjvity during the fo;; cnmponent'of the multiple schedule Bas somewhat .

suppressed in- the initial sessionabnt, it gradually recovered in the

o

remaining sessions to a_1eve1‘(§].5%) greater than that observed in thee
last five sessions of condition I (23.9%): Although a considerable

amount of bar/feeder activity w%s observed during the extinction component
. A 1 ‘ , 4

-




in -early.sessions, it gradually declined to relative]y low levels in

later sessions When the animals were returned to Vi nly, ban/%eeder
’ act1v11y decreased and in the Tast five sessions, ratsgdevoted 22.7%

of the session to bar/feeder activity. . ) .

In summary, for’Group 1, the Mult VI/EXT condition produceo fnf
creases in drinking during the ﬁood component {an -average 1ncreése.of
approximately 49.7%)° and s]ight]y smaller 1ncreases in bar/feeder -
activities San average increase of approximately 34.9%). _There were

substantial decreases Jn whee]krnnning during the food component (an

' ‘%%éeverage decrease of approx1mate1y 58. E%)‘” More time was spent wheel
/

running in the extinction than in theﬁ?ood component ‘of the multiple
schedule. NS e . ) _
Table 3 shows.drinEing, running and bar/feeder activity for indivi-

S il .
dual rats averaged-acrosigthe last five sessions of each condition.

Inspecting the data for-Group 1 jnoicates‘that the e?tfofs sonmarizeq
ifon.each actdrity—in F1gure 3 otourred in practically every rat. The
- exception was Rat .5 who gﬁ%ﬂ%ﬁ levels of foo& component running in
: °conditwn 2 that were lower- than in condition 3 but not condition.1.
For rats 2 3 and 3- 1ncreases 1n bar/feeder act1v1ty in the VI/EXT
condition occurred on1y in comparison with the final VI only condition.
Group 2 '

* The resujts for Group 2 are presented in Figure 6. As in Figure! 5
the fi]]ed symb;?; indicate activity during the VI schedu1e and the open.
' synbo]s indicate act1v1ty du;gng,tne extinction componént when the
- multiple schednie was in ef%ect The pat%ern of’results was, somewhat

more comp1ex for these animals who were 1n1t1a11y exposed to‘;he VI/EXT

cond1t1on. LA

e
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Indtvidual Rats in Gro

Five Sessions of Each Condit

s

4
ion

GrROUP 1

DRINKING

g

I - YRY L

VIJEXT -

18.0
46.0
42.6
43.7
20.1

34.0

GROUP 2

é

DRINKING

VIJEXT

51.6
19.1.
- 25.6
53.9
31.6

© 36.3

2.1 26.2
5.4 - .93
9.3 1.3
40.5 28.4-

19.1 137
19.6 14,1

57.8 .
16.5
38.5°
59.2
39.7

<
42.3

BAR/FEEDER

| NBWN -

e

1n.a

28.8

32.5
34.1
13.2

23.9

25.3
29.6
34.4

30.2
3.5

BAR/FEEDER

3

13.6-
25.1
31.5
12.6
21.0
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. FIGURE 6
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\

Mean da'l.]y_percer]tages of time devoted to drinking,
wheel running and bar/feeder across: each of. the t;.-l1ree
experimental cogditions for Group 2: Mult VI/EXT;. ;
Vi-only; Mult Vﬁ/—EXT.‘ Other details as‘ for Figure 5.
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‘of time devoted to running in-extinction was 36.3% for‘conqition 1 and

.

Drinking As shown in Figure 6 there was a slﬁght tendency for

ﬂr1nk1ng to 1ncrease across the three cond1t1ons The average percen-

.‘. - - i -

tage of tlme spent dr1nk1ng in the last f1ve days of each cond1t1on was:

‘VI/EXT 22.4%; VI-on]y 21.3%, and VI/EXT‘= 34,1%. The right panel

of Table 3~ shows thatothe direction of thesé.chgnges across conditions=
was representative of the performance of three rats (Rats 6, 7, 9). |,
For Rats 8 and 10, drinking decreased slightly when the schedule was
changed from VI/EXT to VI-pn]; and\increased when the VI/EXT_condi-
tions were reinstated. As in Group 1,&re1ative1y little time was spent
drinking du:;ng the extinction componeht o; the multiple schedule in
either condition 1 or 3. | , | -
. N et

Running. As shown in F1gure 6, runn1ng durlng the food component
(solid squares) 1ncreased gradua]ly in the 1n1t1a1 VI/EXT condition.
There is some suggestion of a pattern of increased running in condition
2 when the schedule was changed to VI—on]y; and a decline in‘condition
3 running when the schedule nas Changeﬂ back to Mu]t_VI[EXT. Table 3
ihdﬁcates, howéver, that_this pattern was"Evinent in oh]y Rats 8 and 10.

Running occ@rred%nore frqquent]y‘in the extinction than in the food

component of each multiple sghedu]edggndition. The average perceniagg

42.3% for conqition 3. -

Bar and Feeder. As in Group 1, substantial increases in bar/feeder

activities were observed in sessions 3.and 4 when ‘access to the wheel -
was blocked. As 1nd1cated in Figure 6, bar/feeder act1v1ty (so]1d
c1rc1es) declined gradual]y across sess1ons in the initial VI/EXT
cond1t1on eventua]iy stab111z1ng with a mean of 20. 7% in the lastif1ve_

sessions.” In condition 2, when the schedile was changed to VI:bn1y,

43
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Nbar/feedér acttvities declined s1ightly .and then increased when the
‘ VI/EXT ;onditions were reinstated in condition 3. The performances of

Rats 7, 8 and 10 were consistent with this pattern. For Rats 6 and 9,
bar/feeder activity tended to increase across all three conditions.

Bar/feeder activity during extinction, in both conditions 1 andi3,

dec]in;d across sessions and occurred relatively intrequently when

compared to levels -observed in the food component of the noTtiple \\

- . ¢ . -

schedule.

s

DISCUSSION

P i B T s Lot TR LR P
7

In the present experiment, one group of animals was eiposed to a
prototypical contrast paradigm (Y} 4—WI/EXT;+ Vf&. When reinforcemént
was delivered on a VI schedule, the animals;devqted a portion of ‘time
‘ .within the 1nterfood interval :ﬁidrinking; wheel running, and to par/
feedeh activities. When the VI-schedu1e a]tggnated with extinction
periods in the next condition of the experiment, increases were dbserved -
£ ) in the percentage of tjne devoted to drinking~and terminal activgtfes of

R . f
bar and feeder (positive behavioral contrast). Running occurred at high

levels during the ext1nct1on per1od and decreased in the food component
&

of the multiple schedu]e The dr1nk1ng contrast effect was cons1stent

- across all rats. and if anything s1ight1y stronger than the bar/feeder
contrast effect, These results support the response~competition hypo-

thesis offered by Staddon (1977a; Hinson & Staddon, 1978). The decrease
" in running in the VI component and high levels durindvextinction‘perioas
ronfl
1nd1cate that the animals real]ocated this " facultative behav1or in the

- . way pred1cted by the response compet1tion hypothesis. . If one aﬁsumes{
.- af

e . 4
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that running sdppressed both drinking and terminal activities 1n the VI
b schedu]e ‘thgggphancement of both dr1nk1ng and bar- feeder by a Mult VI/
. EXT,schedu1e can be exp1a1ned by d151nhib1t1on owing to ‘the shift of

-}
competing activity (1 e., runn1ng) away from the S

into the S~ component

as described by H1nson and Staddon (1978). The remaining food-bound

Lol -vﬂl‘ff‘f"" Canutaio)

interim and-terminal activities were both free to increase, leading to a
intermediate or modest contrast effeCt in both a$ they competed for the

time nade available by the shift of wheel running behavior, It is

AR RRSTARLE Rt rin S

*important to emphasize, however, that drinking again emerged as a food-

-

-y

. N .
-
)

e

.

-

‘ results was ofly evident in two of the five animalsiin‘the group (Rats

bound activity.

This property of dr1nk1ng may have been responsible

for the lack*of a robust barpress contrast effect. In a Mult VI/EXT
schedule where barpre§§?ng and drinking are both possible, those act1v1—
“ties will presumabTy compete in the food component of the schedu]e which
would tend to 1imit the olcurrence of barpressing. A much larger con-  *
trast effect might be observed in situations -ih which there)is ng'competing
food- bound_behav1or as in the Hinson and Staddon (1978) exper1ment

The results for the an1ma1s exposed to the Mult VI/EXT schedule from
the outset of training were slightly more complicated. A simiTar sym—
‘metrical account’ based on the response competition hypothesis pred1cts
that drinking and termina] activities should decline as wheel running
increases, when thie schedule is ch:hged from VI/EXT to VI-only., When
VI/EXT is reinstated, drinking and barpressing should increase as
running‘decreases in the food component of.the schiedule. This pattern of

8 & 10), The explanation for these smaller and less rerab]y produced

~

effects when VI/EXT was enforced from the outset of tra1n1ng is not clear,

Howeverg,there is some 1nd1cation in the literature that such results

.
L]
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could be expected. In an experiment using pigeons, Kédera and Rilling
(1976) examined the effects of the aﬁSE;t of’prjor nondifferential
exposure to the posjtive stimufgs on the magnifude of pehéVioraT contrast
(;.e., ing;eases in éermina1 reséonding). The positive stimulus (S+)_
was a green kéy]i@ht associated with a VI 30-sec scheddae of reinforce-
mént. In discrimination training the keylight alternated with a 60-

sec period of extinction when the key“was dark (S')éand no food was
delivered. Kodera and Rilling fqund a significantly farger contrast

T

effect when pigeons were initially exposed to the S+ fq]]owed by

-~

T, ¢ seg e
discrimination training than when discrimination training was initiated

with no prior exposure to the st alone. |,

w{th respect to interim behav%or, Reberg (1980) found that, when
estab]iQhed early in training, post-f oa drinking Qa§ a very strong-
behavior that was-extremély difficult to eliminate. This consistent
with the finding that drinking estaljlished in condition ;—?Mu‘l't VI/EXT
training did not decreaée when the thédq]e was subsequently changed
fg’VI-only in'Epndition 2. It is not_clear whether the competition hypo-
thesis can accoﬁnt‘Tor the difficulties in obtaining contrést ef%;cts

in the VI/EXT » VI » VI/EXT procedure used in Group 2.
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other than food. Drinking, in the present gxperiments, mlght be

QﬁAPTER VI
Genera] Discusstpn

-
~

The results of these éXperiments'indicate that drinking is-a food-

bound<activity that does not occur in S§~ periods signalled by stimuli

characterized as a S food activity since drinking reliably occurred

during occasions when food s1gna11ed a nonre1nforcement period. Very

Tittle %g]nk1ng’occurred during S~ light occas1ons. The results of O -
these experiments afso sugges; that while drinking’ggght be charac-'

terized as S'food activity, running occurs in S'aber{bds signalled by -
stimuli other than food. The remainder of this discussion focuses )

on the relationship between eating and drinking, the differences

between drinking and wheel running, and the imp]ication of these -

results for Staddon's time allocation mode] of contrast,

/

The Relationship between Eat1ng and Dr1nk1ng -

Staddon (1977b) suggests that drinking is .representative of a |

. : |
class of behavior which occurs at times, or in the presence of stimu]i,
that signal the absence of food -(S" or interim periods). In’conjunci'

tion with stress1ng the importance of éﬁﬁper1ods for the induction of
i

_ interim drinking, Staddon's account c]ear]y 1mp11es that dr1nk1ng,

1ike other 1nter1m behav1or, should occur in S~ per1ods that are

s1gna11ed by events other fhan food. . . ’
The experxments reported in this thesis exam1ned Staddon's' S :

1nterpretat1on of 1nter1m behavior by study1ng dr1nk1ng 1n d1fferent

schedules of positive reinforcement. If 1nter1m drink1ng resu1ts erm

a negat1ve cont1ngency ‘that prevai]s when a st1mu]us signa1s a per1od

69
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in which food never occurs, multiple schedules, in which reinforcement

is deliveneo,on eitber a fixed or variable schedule alternated with

» oeriods of éXtiﬁétidh should provide; according to Staddon's account;

$
two occasions for drinking: a food - no food contingency_(S'food)

where food deljveries signal a period in which food never occurs, and a
11ght + no food oont1ngency where 1light or some other st1mu1us signals,
the unava11ab111ty of food in the ext1nct1on component of the multiple
schedule. ) '

The resu]ts of the present experiment offer no indication that

dY1nk1ng occurs during S~ occa§1ons that are dissociated from food.

\
Drinking, in the present experiments, was confined to the food component

. . - . ¢
of each mu]tip]e schedule with very little drinking occurring during

. the ext1nct1on component (S 11ght) ‘Most of the dr1nk1ng that did’

.

oceur during extinction per{\as\ nsisted of a sp11]-over from drinking

initiated after eating a pellet de]Tvére

Furthermore, drinking was not reallocated to S~ times under cir-

. lig
cumstances where increases in terminal responding may heve\interfered;

RN :
with drinking after presentation of a pellet in the food compgnent of .

the' multiple schedule. . ‘ o R N

—6{her-experiments in which a stimulus other than food bears a \\i\

*

similar predictive relation to food delivery such as those ‘employing
/ ' ‘ A -t N -
secoﬁ%—order schedules (e.g., Allen, Porter & Arazie, 1975) have also

’ =
reported less posf—st1mu1us dr1nk1ng following a nonfood stimulus.
m\\\\\~Exp1anat1ons to account for thesedata withinw the framework of .
Staddon 's account have not. been totally conv1nc1ngx For example, it

has been suggested that the fatlure to drink after a nonfood stimulus

s attributab]e to the poorer (tehpor 1)ﬁgj§grjgln§tive control-exerted

SOV VIO,
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the previous food componenth
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by nonfood stimuli (Reid & Staddon, 1981 inipreparation) ' hccorﬂinﬁ,
to this account, weak temporai contr01 results in a reduction of*the '
post-event pause. Consequentﬂy, the t1me taken up by term1naT

responding 1ncreases and the txme ava1lab1e for 1nter1m act1v1t1es ..

A

' such as dr1nk1ng decFeases. " S 7-"

. °
. 8n

Unfortunate]y th1s exp]anat1on can not sat;sfactora]ly account
for all of the”experimental resu]ts For 1nstance, 1h the A]len, Porter .
and Arazie study (1975) dr1nk1ng on]y rare]y followed a nonfood\st1mu1us
even though in that experament a substantial pausg';n 1ever pressing
was observed fo]]ow1ng the nonfood stimulus. Nor can it account for »
the absence of dr1nk1ng in the Porter et al, experTment (1975) when’
‘barpressing fol]ow1ng the nonfoeod stamu]us was e]1m?nated by retract1ng
* the leVer-for the first 30 seos afteP ‘the nonfood stamu]ﬂs F1na11y,

" the absence of dr1nk1ng during the«ékt1nct1on coﬁponent in the present,

i exper1ments can not be reasonab]y,attr1buted to the suppress1ve effects

-extinction component

~

)

of terminal respondIng since barpress1ng occurred at ]ow rates. in" each
. . T O@"

If dr1nk1ng is more read11y fac111tated by food than any other '
sttmu1us s1gna111ng as per1od as these stud1es cons1stently demon-
straté and if no explanation is avallable«tg adequate1y incorporate
thesedata within the framework of Staddon' s account these results
strongly imply that a "spec1a1 re]at1onship" ex1sts between eating apd
dr1nk1ng and support 1nterpretat10ns of schedu]e-1nduced polydip51a
which e]aborate on the nature of this re1at1onsh1p

RY P

There are many accounts of po]ydtps1a which have 1nc1uded th1s

" notion of a specra] réTattonsh1p betweeg;eat1ng anﬂcdrxnkangasuch that

¥

dr1nk1ng (as opposed to other act1v1t1es) is un1qye]y facilitated by

&

‘o .

W

B Y ! “ - - » ‘ '
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{heme is i]l)st’rafed e

-

for mstance, m exp?enatwns of’ poiydipsw whmh suggest that oo

“Ean

»

iai r“E‘ne ingest.mn of food ]eavfsé*‘ f:he rat's mouth dry and therefore

sﬁamu'lates thw’st receptors (Stein, 1964),, (b) drmkmg 1s ‘a response ‘
“fo. therma'l 1moa’;ance (£ar;hs‘le, 1973), and (c) 1nges1;wn of a pel'let“ 6"
‘: 1ncrea§es «body\ﬂmd osmo'lahty whieh ‘ehcits dl"‘l nk1 ng (Deaux, Sato &

Kako'!ewsk1,1970) ;,_‘ f'f ’"**‘\ -'" o

fach of these accounts prediots that drmk'ing 15 umque1y\ u. oo

3
R

fac1'l1tated above basehne 1eveis b_y 1nterm1ttent presenﬁatwns o?

food Mthough a m de range of responses ’nave been shown té occur 1n

4'»1['

G ~~3\dd1twn to,‘or i_?.Stﬁfd o.f drinking, ther& at Teast somg evidence: \
."-‘g,{ - to SUQgest that drmking maybe the o_nly act‘wity that is 1nduced or .
) Fac1htated relcétwe to xt&aSe1im levgi by,interm ttent‘ presenta- “

» ,A_;xtmns of- 'f°°d Iﬂ 8 ‘"e"é"t expeﬂ}ént f@Per (19810 founo" ‘% <

o

A R ‘Jo.a N °: ; ,‘:‘.:,- e
Com S that acti'n t1es such as grooming m th’ perio,di ¢ presentahons bfgwater
o oA R NP TR B

S T and explorg;mn on fgod sc;mdu]es occup'fed the ea ?y of “)’mtemm" par*t

: - T Cof the mterremﬁorcement intg?*ya] ] However, ne1 ther of these actwv.t'ies

g -

R A was. enhanceﬂ r‘elative to basehne 4eve‘ls NERR _ Ir.t: R '-:17
s - . e, . . - . ® ’ ¢ "\ - et "

N (

) In Qenera] ’ studfes ivath ,combmations of remforcer’s and agﬁvihes,
, U

other -than food and dx{inkmg, have eﬂ:her faﬂed to 6bta1’n sehedu]e/

. ."

SR i nducH,on m; yie e'lded equi vgcrﬂ resu“its. : These expef*ix’hents 1nc1 ude ¥ :
b Mdﬁmkmg wi th electﬂcaT st1mu1ation of the bg}jn as ..tke' einforcer SN
I (Rfamer & h‘ﬂkie, 1§77), dr-mk,ing in« pigeon%wﬁth food r

. - . : »
S (Shanah . Peterson, 1269) and eating in ra.ts wi th water' 're1 nfor‘cement
. » . ] . ‘ o N ., - i ) . f _‘..1“ 2 i ‘f ) o )
SN % L~ (K‘mg ” ]974); " .‘ M ol ¢ . a.;" ,"f,,_‘""’ . :,- "t / . {:'Jﬁ .
et > ’ . R e , i LA N % - o
Y - [ T -y e, n .
L] ] -

Lt S ~A1though it would be rash too conc'ludé from thes’e resulﬂl;s that S

r e C drinking is unique as a non-termina1 sche"du‘le induced activiéty, the.y . ‘,(

;: \', ‘ 4. et r L ? . . ) - : k e 7 \., . ' ‘/ k? R ," ) ‘j' -{ > :”, ik,
S TR . ‘ L L o K
- 2 D Coel : T B h "‘”
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A ' , - ’ F. i u
do chaHenge Staddon S contentwn that the expectatwn of nonremforce- 1 ,.
v e A

ment in- the ”’temm part of the interval facﬂﬁates a-wide vamety of. |

I‘" ‘ , ‘: -
act1v1t1es above base11ne 1eve1s. Unfortunately the maaority of stud{es ﬁ f

¢ - { . ? .
have.not 1nc1uded baseline coriditions and have not precise]y reported f ’

+

v .the tempora]‘location'of;thé activity within the interreinforcement

interval. - . ' S . L
f - _" .

e At present the resu]ts showing- that dr1nk1ng occuns les¥ re11ab1y~

after'nonfood st1mu11 and those suggest1ng that the 1nduct10n of.pther
act1v1t1es ma§ not be as common as’ prev10usTy supposed strong]y favor a3
1nterpretatnons of schedu]e—1nduced po]yd1ps1a that 1ncorporate the

not1on of'a spec1a1 re]at10nsh1p between eat1ng and dr1nk1ng These

- results are contrary to Staddon' s (1977b) account of schedu1e~1nduced S

e B At W 9
L4 . e P . -

behav1or. } - - S »

o ! .t

‘ & . ]

«  The' D1fferences between Dr1nk1ng and Wheel Running ”‘ .
The resu]ts of the present exper1ments suggest that th]e dr1nk1ng
o - < *
" m1ght be character1zed as’ a sﬂfood activ1ty, runn1ng occurs 1n S, ﬂ .

e N
0d - .
N M an

per1ods signalled by st1mu11§g§her than food Consﬂstent1y high 1eVels

.
- ‘,:» s

Y «

’

of runn1ng were observed 1n thevextinction component compared to the _1f :
" food component of’the mu1t1p1e schedu]es.‘ In trans1t1on from a~VI- *-ﬁi

’e . pee o, @‘n

. on]y schedu1e to a Mult VI/EXT”schedule, runn1ng was. rea]]ocated\from

-t PRI

the food component to the ext1nction per1od It seems therefore that

r“"“““% 9"11ke drTﬂang, 1s in act1v1ty that‘occurs during 5" timesMx -
ST TN °'f~*?z |
.rgy - R T L

dlssoc1ated from*food*‘< ”.t ;w7‘

\

"”" The findino'that\dr1nk1ng and wheelerUnnfng differ’in the extent ) _
o v S I - T RS
mesad1ssoc1ated from food Js. e

-/\“

B ﬁs’gm &<Stagdon, for8; jpenny &
BgnhyeandﬁSchuli’(1977} ratstmere o
'\""/f ) i,.w

R

SchuTI, 1977Lﬁ, In the exper1ment¢
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'1atjons that influence

exposed to a schedule

food presentation (S £do

>

o

in which some \S~ times were initiated by a .

-} and others\by a light (S When-

11, ghfc)°
water bottle and running wheel,

rats. were giv concurrenf access to g’ ) i running wh
. - B
drinkihg occurre parily- iR~5=z . intervals while running_pre-
T .

dominated- dur1ng S7; lig

In addition to thj

running aﬁajdrjnking,
when intermittent food
(Penny & Schull, 19773

food is allotted on.a®

At'intervals - E
s evidence, there are other exper1menta1 manipu-

o) ca11ed interim act1v1t1es, such as wdeel

s v

in different ways. For example, running increases
is d1scont1nued whereas dr1nk1ng 1s eliminated °
Staddon & Ayres ﬂ97?/// In a procedure where

CRF schedu]e in the early seconds of the session,

drinking decreases as

ppposite relationship

a funct1on of time since eating-whereas the’

3 ",-;.

is observed between eating time and running
<

(Penny & Schull, 1977)

. Itis also well known that the rate of drinking

increases with fhe’rate of food de]ivefy on various schedules whereas

4

the rate of running decreases as food rate jncreases (StaddOnL,1977b)

delTvery of 4 pe11e .

drink1ng fo]]ows e t1ng, wh11e runn1ng fo]]ows drinking.

There s, at 1east

L]

¢

[

When both act1yit1es are concurrent]y available,
It is. not

}to occur in a]ternat1on

some evi&ence to suggest that drinking and whee1

L)

running are not; the only "1nter1m" act1v1%1es.that have different

P
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fuhctiona] propert#es 1Penny and. Schull (1977) haveﬁargued that
attack behav10r ih pmgeons and kats shows properties s1m11ar to those.
o ) assoc1ated w1th runn1ng (cf Gentry & Schaeffer, 1969; Huston &
| . ' DeSisto, 1971). . Knutson and- Schrader (1975) found that aggression
‘ occurﬁedéafter dr1nk1ng when both activities were concurrent]& '
. agai]ab1e'and‘at later post-foge times when otherﬁzctigifies were

not available.. Other activities such as gnawing®and the, ingestion of

wood shavings are, according.to Penny and Schull (1977), more S{Eilar
- to drinkﬁhg LTt "-\' P .
s . These d1ffehences in "1nter?m" activities call. into ser1ous ques-

tion Staddon s assumption that a]] such:act1v1t1es.pan be 1nc1uded

" The results of the present experfﬁéht suggest thet.it mayrbe experi-
menta]]y more useful and theoret1ca11y mpre.correct to subd1v1de non-
- term1na1 actiyities’ into two categor1es (a) those act1v1t1es such as

dr1nk1ng wh1ch are associated exclus1ve1y with-S~ food 0ccas ons and

~

-

within a s1qg]e q]ass of behavior with cnggyab]e functional’ properties.

. (b) those act1v1t1es such as running that may occur during S occasrons

o dissoc&gted fhom-food There.ls at least some evidence (Inn1s & ' -
Honig, 1979) that p1geon s behav1or durlng the postre1nforcement pause
" of FI schedu]es may be S1mllar1y subdivided 1ntp two‘cgtegehlesfy
- . " The importance and usef“1nes§ of this division of'nontefminaT
activities can be 111ustnated in regards to Staddon's. t1me a1locat1on

P

model of contrast ¢ Do . S '
) Behav1or§athat can be 1nduced by §° occasiqns dwssocwated from a

food are particular]y 1mportant for Staddon s account of contrast

since the effect depends, according to the time aTlocatLB? mode] on

the rea11ocae/oﬁ of activit1es from the S to the S cmnponent of the~

—-‘ % ‘e /-
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multiple schedu1e. Since the resu1ts of the present exper1ments

. —

1nd1cate that not all 1nt§r1m act1v1t1es are,s1m11ar1y real]ocated*to* -

.

M
. M - S tlmes dissociated from food, the contrast effect observed in Experﬂ
‘ s ment 3 or any other exper1ment, must depend on the presence of an -
iw ’ : - ) « .

i : act1v1ty such as running that can occur in a S time dissociated from

R food (e. g., s” 1 ht)‘ The results of EXperiment 3, like those of = = -
J g ) @ S
Jacquet: (19 4), suggest that the termt“contrast effect" can refer not >

*‘\
on]y to 1ncreases in barpress1ng or other terminal behav1or, ‘but

SR A

oo

? that s1m11ar changes aldo occur in other nonterminal behaviors such as
- dr1nk1ng., Furthermore 2 nonterm1na1“contrast effect is, most 11ke]y

to be assoc1ated w1tH g f0od act1v1t1es such as dr1nk1ng ' Last]y, the;

o . outcome of a contrast exper1ment may be further comp11¢ated by the

| poss1b111ty that the presence of a strong compet1ng S” foo

such as dr1nk1ng may actua11y 1nterfere~w1th a 1arge and re11ab1e

2n) Y] . ? \ ' 0 ’\ \ -

_1ncrease 1n term1na1 respond1ng T W \;j:‘ R

d activity
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