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Abstract

CONDITIONS INFLUENCING THE CESSATION OF
EATING IN THE PRESENCE OF FOOD

by

‘Lorraine A. Gahles

Advisor: Professor Brett K. Cole

The conditions influencing the cessation of
-iting werae explored using a discrct; trial
training procedure in which th- subject was
required, in the presence of discriminative
stimuli, to put its head into th-ahoppcr opening
aﬁd take it out. A sequence of two successive
repetitions of this head-in/head-out response was
followed by the presentation of a keylight.
Pecking the lighted key resulted in a 3 second
presentation of a grain-filled hopper (8r). Each
food presentation was followed by an intertrial

interval (ITI) of 3 seconds during which all



lights were extinguished. In an attempt to
increase the probability of head uithdra;al in
the presence of food, several contingencies were
imposed. First, correct wtthdrﬁw;ln always
resulted in the opportunity to peck and be
reinforced, while failures to withdraw never
resulted in this opportunity. Further, failure
to withdraw produced a correction trial in which
the head—-in/out response was required in the
absence of food and was fqlloucd by the
opportunity to peck and be reinforced. In
addition, failures to withdraw could, under some
conditions, result in the onset of a 40 second
ITI followed by a correction triaf.

Experimental conditions varied the
probability of food insertion during the 2nd 1link
of the trial (p=.25 or 1.0) and the duration of
the ITI following a 2nd link limited hold error
(nonwithdrawal from food) at 40 or 3 seconds.
These contingencies were presented at various

stages of training.
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Ten pigeons were randomly divided into three
groups of 3, 3 and 4 subjects each. OGroup 1 (3
subjects) received a .25 probability of food
insertion in the 2nd link with a 3 second ITI1
during the first exposure to food in link 2.
Group 2 (3 subjects) received a 1.0 probability
of food insertion in the 2nd link with a 3 second
ITI during the first exposure to food in link 2.
Broup 3 (4 subjects) received a 1.0 probability
of food insertion in the 2nd 1ink with a 40
second ITI for a limited hold foad error during
the first exposure to food in link 2.

Results indicated that the highest relative
frequency of correct withdrawals $rom foo& was
seen during the 1ist exposure to food in link 2
when the 1.0 probability of food insertion during
the 2nd link was combined with the 40 second ITI
for a limited hold food error.

It was concluded that partial control over
cessation of eating can be obtain.d'by employing

del ayed consequences for nan-:clsatiuﬁ of eating
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(extended 40 second ITI for a limited hold food
error) during the first condition of exposure to

food in link 2.

-
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!ntraducttén-

In an attempt to gain -xpgf§u-nt11 control of
ingestive behavior in free feeding situations, it
is helpful to reduce the b.hth&f to its simplest
elenents. Two fundamental activities account for
what, how much and how oft.nflhﬁcltion of a
substance occurs: one, th.vinitiation of
ingestion, or when one begins to consume a
substancey; and two, the cessation of 1no;stion.
or when one withdraws from andlor'ltopl conluying
the substance.

When voluntary control of ingestion is
considered, it is assumed that the substance to
be ingested is freely available ind that the
control aof initiating ingestion would be
indicated by refraining from cnnlhntng the
available substance for a given period of time.
Control over the initiation o# ingestion has been
described by three major pro:cdura13ipdols.

The first has been called a refrainment



procedure and requires waiting in the presence of
food. (Cole, Coll and Schoenfeld, 19823 Coll,
1983; Stern, 1984). “ j

The second type of procedure, called self-
reinforcement, requires p-rfoiman:qvof‘i behavior
incompatible with eating in th. presance of food
before eating it. (Bandura and Mahoney,

19743 Mahoney and Bandura, 1972).

The last model is called “self-control®
orimpulse control” and utilizes a choice
paradigm requiring that the iubji:t‘for.go an
immediate reinforcer by choos;ngﬁi.dolay-d but
larger reinforcer (Rachlin and .Br..n}'1972|
Ainslie, 1974; Logue and Pqna—CorﬁnaI;’19B4;
Grosch and Neuringer, 1981).

. S8ome of the conditions influencing the
control of initiating ingestion have been
identified for each model. For example, Cole et
al. (1982) and Coll (1983) found that in order to
establish reliable refrainment in the presence of

food, approaches to food before the temporal



refrainment criterion had besen met had to be
extinguished. To accomplish this, a discrete
trial procedure was used in whiph a sequence of
two hopper presentations bf,fobd was followed by
an intertrial interval of 3 :;condl. Th; first
hopper presentation (8R1) uasjintroduc.d for a
periqd of time. If the subject did not approach
during this time, the hopper uai removed, the
houselight came on, and a peck to the center key
produced the second hopper presentation (8R2) of
3 seconds during which the -ubjdct could eat.
When approach occurred b.foru_tho criterion time
period had elapsed, food was withdrawn before
eating could occur, the time cyclé continued, and
the next intertrial interval (ITI) began followed
by the beginning of a new trial. 8Stern (19864)
replicated the procedure and extended the
findings while showing that food remaval 6iv¢n
approach had to be programmed for 93X of such
responses in order to establish rnlihbln

refrainment from food. In addition, food removal



probabilities less than .93 (between .95 and 0)
r.liabl* reduced pr.trlinpg;rﬁfrqinpont'tgwncgr o
levels of occurrence and 1n-mos£_cns-s subjects
-had to be returned to thn'moi£ ;tr1ng-nt values
used in training ( 1.0 probqbtlltyrnf food.
removal given approach) before r.#f&inﬁcnt could
be reestablished. In oth.r'uordi,.6nc._an1mals
were allowed to eat in a situation in which thay
had previously learned not to.nnt. the prior
_discriminntion was abolished quickly and'pa: naot
easily reacquired.

These data suggest that onm can teach an
organism to approach food but hpt eat for an
arbitrary period of time, i{f one éqtl up a
chained discrimination in which behavior in one
situation allows the organisms to ;ntor»into the
next situation. For example, cuesd criterion
waiting in the presence of food in the first link
allows the organism to cntlr‘thn next cued link
where the food may be esaten. If‘app?oach occurs

during the first link, food is removed before it



can be eaten. Thus, one hal:lif up a
discrimination based on a chainid 9|qu.ncl in
which differential contingnnci;ﬁtpEOVidu food as
a consequence for waiting and no food as a
consequence for not waiting byt try1ng'£o ingest.
One can see that getting fodd?#ér not waiting
(approach) in the Stern (1986) experiment changes
the differential contingencies. Under these
conditions the prior dilcrimtﬁitlon is likely to
be abolished. That is, the oraanlsn begins to
receive food for approach intermittently in the
first link, which not only disrupts the chained
sequence by allowing food in each link, thus
making each independent of the lIéU.ﬂCI. but also
removes the differential contingencies by making
each link the same (food is the consequance for
approach and for non-approach). It is no wonder,
that an organism will continue to approach and
try to ingest the substance in the future, as
long as these new contingencies r.miin in effect.

In fact,it ims this reliable control over approach



behaviors leading to -ating;yhi;h48k1nn-r (1938,
p. 373) observed in his narlff&bfk’on the "sating

curve".

" The behavior of approaching and

picking up a bit of food is so common in

the behavior of an adult rat and so uniform
from one rat to another that it is likely

to be looked upon (mistakenly) as
unconditioned. In the adult rat the behavior
is %0 well established that its conditioned
status is practically beyond experimental
manipulation. In order to investigate

the effect of ingestion upoan a controlled
conditioned reflex reinforced with food

it is necessary to attach a new and arbitrary
initial reflex to the ingestive chain...".

"Thus, Skinner began 1nv¢stiga§1ng the arbitrary
initial member of the ingestive chain in order to
show that hunger could be m-asurué by the
behavior which led up to it.

The topic of controlled ingestion uses the
same behavior but attempts to ask i different
question. That is, what are the variables
necessary to control the onlqt‘or cnslattdn of
eating? As in Skinner's narl&‘york.u- knuw.that

deprivation is one variable that contributes to



the pattern of eating. But what principles of
learning will establish control over the
beginning and end of the 1n9.stivn p.riod? ar
can we gain control over th. bchaviur which lead
up to ingesting and even 1ngustion iteel¢?
Rachlin and Green (1972) hav. determined some
of the relevant variables influqnctng the
beginning of ingestion by vionihg”tﬁo situation
as a choice between obtaining something now or
later. Their main findings show th;t an organism
will choose an immediate, thohqh‘lnnllcr
reinforcer over a delayed, bug larger rilnforc.r,
if the choice point is temporally close to‘tﬁu
availability of the reinforcer. fhun, if food is
immediately available, the animal will choose it
regardless of its size. In fact, Rachlin’s
equation suggests that when the delay to food is
zero the value of the reinforcer is infinite. It
would seem then, that if an organism is given a
choice of food now or more food later while it is

eating, Rachlin’s equation suggests that the



choice would always be for th.finnudint- food.
However, the amount will determine preference i€
the choice is made some tnnpof#i,distanc. away
from food availability. In other uords, animals
will choose larger but delayed food as the choice
point becomes more temporally distant from food
availability.

Mazur and Logue (1978) using the Rachlin and
Green paradigm, showad that by qtqrginﬁ with bqth
small and large reinforcers at §1x;é§cqndlaway
from the choice point and ﬁradu;iiyvfldihQch.
small reinforcer to zero dnlax,_suh.”idﬁjicts
continued to choose the largnidclayid r§1hfor:.r
over the small immediate one, .vcé’nt z|r6 d¢1ay.
Thus one could use the past history of choice and
fading to overcome the animal’s tendency to
choose immediate food. But, Mazur and Logue warn
that this is a lengthy procedure taking more than
11,000 trials to acquisition and that the
experimental subjects varied 1n_thof.xt.nt to

which they continued to choose the large, delayed



reinforcer when the small r.thfprc.r was at a
zero delay. |

The studies done by Cole et al.(1982{, Coll
(1983), and Stern (1986), showed that. one -could
get B80% reliable refrainment from fdod fo? a1l
subjects. These studies hnvifiﬁ common the fact
that they used a discriminatinnmprdcndurc in
order to get control over th¢ b¢h¢v1ur lnadinunp
to ingestion. The nxpurim.ntQ1 qud|t1nn was one
of controlling the 1nitiagjon bf ingestion, or,
in other words, rcfrainm-nt.: |

However, if one views rcffnlnmunt along a
continuum, then the extreme endpoint would be
absolute refrainment on every oécés!on. This
endpoint becomes abstinence and indeed we expect
this behavior with raegard to many substances like
alcohol, drugs etc.,but, when one considers food
as the substance, then abstinence and a model of
refrainment cannot serve as the sole paradigm for
controlled ingestion. By n.c-slity; with respect

to food, one needs to control not only the



initiation of ingestion but 1£l,€-llation as well
because ingestion of food can never be totally
eliminated.

Based on the d-monstrnﬁiéﬁ,by Cole et
al, (1982), Coll (1983), and 8B8tern (19864) of
experimental control aver th.iinitiation of
ingestion through discrimination procedures, the
present study sought to gain control over meal
termination through similar proc.dufis;waihci5'in
the -tudy of meal termination, the subject is
permitted to initiate uating.icxtin:tion.df;
" approach cannot be used to gg{n contfolbonr’th-
cessation of eating as in the Coll (1983), 8Stern
(1986) and Bandura and Mahoney (1&74)'5tu&1-:.
Alternatively one might attempt toidcvqlop
control over the movement of uithdfauing from an
area which usually contains food. If-thii‘
movement is exhibited under the precise cdntroi
of antecedent stimuli, one might expect these
withdrawals to continue to occur tp.th-

controlling stimuli even when food is present.

10
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It is for this reason that a procedure was
adapted from response lnt.ncy itud£¢|'don¢ by
Stebbins and Lanson (1961;19§2§“;nd Stebbins
(1962),in which the design ofﬁf;action time
studies was used in operant édhq;t;oning
procedures (see Method sqctioﬁ)5 td]asl-|s the
control of movement in the presence df»lnt-:.dcnt
stimuli. It was hoped that once some withdrawals
from food occurred, a differential cansidupncn
could be attached to those specific b-haviori s0
that cessation of eating would come under bp.rant
control. It has been pruvioug;y.sﬁoun by Fantino
(1966) that the behavior of waiting to keypeck
could be partially controlled bofﬁ'by foud
presented for waiting and by an extinction period
which occurred after the ingestion of immediate
food. The present procedure used similar
contingencies. If the subject withdrew from the
hopper opening while the food was present, a
keypeck would result in three seconds of

additional food. If the subject did not withdraw
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from eating, the :ons.quunc.*fur nonwithdrawal in
the presence of food was -lthlf'a S mecond or a
40 second intertrial 1nt¢rvhfgﬁi

Given the above consid-rafiﬁni, which will be
described in more detail 1ﬁ~th.?ﬁ|thod section,
the present experiment was designed to assess the
conditions influencing cassation of eating in the

presence of food.

.
fa



13

Method

Subjects
Ten naive adult female White Carneaux pigeons
were maintained at 804 (+ or’égzo,grimif of their
free-feeding weights. Wat.r and grit were

continuously available in their ‘home cages.

Apparatuw
One Lehigh Valley pigeon test chamber (model

132-02) was modified in order to d-t.:t the head
going in and out of the food hopper opening. A
photocell was mounted at the rear of the
intelligence panel at th-fnnfrancé to the hopp.r
opening to record these behaviors. The hopper
mechanism was set back 3/4 inch. from the rear of
the intelligence panel to lccamodatc photocell
placement. The panel contained three white
translucent response keysj howaver only the
center key, which could be illuminated with a

white light, was operative.



The overall illumination‘in the chamber was

provided by the hopper light which r.mainud on

14

continuously during each trill uh.th-r or not the

hopper mechanism was activat.d.._Howcv.r, all
lights were off, including th& hopp-r light,
during the intertrial interval (IT1). The
following stimuli served as external cues: the
white response key, the houselight, and white
noise of 45 Db re SPL (sound pressure level)
presented through a speaker located at the far
left side of the intelligence panel. A
ventilating fan produced additiohal constant
noise.

The sessions were programmed dsing lolid
state digital logic circuitry and the dnta ware
recorded on electromechanical totalizing

counters.



Brocedure

Breliminary Training

Bunchboard Training

When the subjects had ronéhdd 80% of th;ir
free—feading weights, a puncﬁﬁthdftralntng
procedure was instituted (Cuhaiﬁg; 195S).‘Th£l
procaedure had previously b.;h fdund £o be
eaffective in faciiitating key peck frjining.
During this procedure, a punchboard was placed
within the subjects’ hom-hcadi-;until the
subjects ate all the grain held by it. The
punchboard was made of flakcﬁo&fd and measured
1/2 inch thick, 8 1/2 inches wide and 11 inchas
high with nine depressions maisuéfng~1 inch in
diameter and arranged in a 3 by 3 matrix in the
top six inches of the board. A metal sheet with
holes aligned with the flakeboard depressions was
secured over the flakeboard after the depressions
had been filled with grain aﬁd covered with a

sheet of onion skin paper. Subjects had to punch

through the paper to get to the food within the



depressions. At first, smallﬂtparﬂ were placcd

16

in the paper so that subj.ciiL?bdid see the grain

in the depressions. Once ca?!ﬁd;had occurred
with lightly torn paper, thn,aﬁ;ﬁqk:of,tilfl was
reduced until all d-pr.slioniiﬁifilcov.rcd by
untorn paper. When the ?nt1n§ bccurr¢d after
breaking through untorn pnp.rlin all nine
depressions for three successive days, subjects
were advanced to magazine training. The foud
provided in the punchboard -qﬁéind what was
required daily to maintain 802 *ro.-fnuding

waights.

Magazine Trajning
During magazine training the houselight

remained on continuously and the response keys
were unlit and covered with masking tape. The
food magazine was in the up position until the
subject ate from it for at least 3 to 5 seconds.

The magazine would then be timed to reappear at



irregular intervals of 12 spconds on the avnrngu.
The duration of each food presentation was 3
seconds. Training continued until the subject
was eating within 1 to 2 seconds of the magazine
presentation regardless of the subject’s previous
position in the chamber. Migaiin.itraining was
considered complete once th. QubJ|¢t had eatan

reliably during S50 hopper presentations.,

Keypeck Training
During this training the houselight was off

and only the hopper light and‘cqntar kcyligﬁt
remained on. 8Subjects who did nbt acquire the
keypeck after 2 to 3 seconds ofinéﬁosur. to the
lighted key were shaped to keypeck using the
method of successive approximaﬁion: (Keller and
Schoenfeld, 1950). Once the center key was
pecked, its light went off and the hopper came
up for 3 seconds. The keylight rimain-d off for
the duration of the hopper prnsnnta%ion.m Keypeck

training was considered complete when the subject

17
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had attained a total of 300 continuous
reinforcement (CRF) trials during the course of 3

sessions at 100 CRF each.

Movement Trajnjing

It became clear followinb:ihn first group’s
training that some additionalvtfaining in putting
the head in the hopper opening was needed.
Groups 2 and 3 received thig.ﬁSYdﬁint training
while group 1 did not. Group i’w.ntvdirnctly to
the one link trial condition of the experiment
and raeceived some additional QRF triais dir-ctly
before each session in the one link trial |
condition to enhance movement tqwérd the hopper
opening. This procedure was fodnd to be lengthy
and unreliable so that the movement training was
instituted for the subjects of groups 2 and 3.

The movement training consisted of shaping
the subject to put its head in tﬁ. hopper
opening. Successive approximations.to this

response were reinforced with food until the



19

subject had put its head in the hopper opening at
least 15 times in succussionngburing this
training, the houselight was 111uminlt-d
continuously while the response keys were
darkened and inoperative, to prevent any
responses to the key since keypecking had'alrnady
been acquired. Some keypecks occurred during
initial training but quickly ceased to occur.
Once the subject was rnliably‘ihdwing fhn hlld—in
response, it was ready for the one link trial

training.

0 link trial i {ni e

This training consisted of a one link
discrete trial procedure in which the subjects
were required to put their heads into thi hopper
opening and take their heads out of the apening
in the presence of discriminative stimluli. When
the houselight came on (81) the subj.ct was

required to put its head in the opening and keep
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it there until the onset of white noise (82)
which signalled head-out. If:- th. h-ad cam. out -
during white noise (82), th. hous.light and noise
went off, the trial was labnllnd a correct trial
and the subject was prolnnt.d with a keylight
(83) in the presence of uhich a k.ypcck resul ted
in a 3 second prcsnntation of‘n grlin filled
hopper (8r). Each food pr.suntafion was followed
by an ITI of 3 seconds during which 11; lights
were extinguished, including the hopper 1light.

A trial was labelled as an irrdr ift1 a) the
subject put its head in b-foﬁQ 81 came oh;‘ b)
the subject took its head éutjb.forc 82 came ong
or c) the subject kept its head i beyond the
offset of 82. All of the above resulted in
immediate advancement to the ITI with both 83 and
Sr cancelled. Figure 1 is an event diagram
representing the one link trial.

With the onset of 81 and the head-in
response, a timer was activated to ﬁrogrlm the

onset of 82 after 2 scconds. Th. white noise (82)



Figure 1 . Event diagram representing a 1
link trial. Vertical displacement of any line
indicates the beginning and/or end of stimuli
presented. The types of stimulil presented are
labelled with the following symbols: Si1 =
houselight, S2 = white noise, and 83 =
keylight. Horizontal lines represent the
duration of the stimulil presented, however,
figures are not scaled. Vertical dashed lines

represent timers activated to count the number:

of seconds within the time period labelled:
FP = foreperiod, LH = limited hold, and ITI =
intertrial interval. .

e

21
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remained on until a head-out Ecppoﬂs- occurred or

ffhis?slqu.ncc of

-

for the duration of 1 second.:

events was developed for th.,bf@l-ht -xp¢r1m¢nt
to increase the likelihood tﬁ;tvhlld out occurred
at a short latency following_fhi'ons.t of 82.
Analogous procedures, used 1n$r¢lpons- latency
studies by Stebbins and Lanson (19461319462) and
Stebbins (19462), sought to employ a classical
reaction time procedure to~m&nlurn the latency of
an operant following the qn;itﬁdf discriminative
stimuli. In keeping with some of the vocabulary
of these studies, the time b.#u.nn the onset of
S1 and the onset of 82 may be called the
foreperiod and the duration of 82? the limited
hold.

In the present procedure, tﬁ. subjects had to
keep their heads in during the foreperiod and
pull their heads out once 82 soundad but-bcforn
the limited hold was over (before 82 ended).
Errors a and b, as labelled abdv., were called

preS2 errors and those of type c abuv-'uurc
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“

labelled limited hold errors. Figure 2 is an
event diagram reprcscntinﬁuéypi a, B ind'ﬁk -
errors.

The foreperiod was 1n1t1|11y sct at 1 second
and the limited hold at 2 nccand-.: These
settings were maintained untll prc82 errors
dropped to 25 or fewer in two su:c-lsivc
sessions. Once this :rit.riun,was,r-ach.d, the
settings were changed to a 2 second forip-riod
and a 2 second limited hold ;ndzchindld again
after criterion responding wél,rinchld'to]h 3
second foreperiod and a 1 s-é;6& 11m1t.d hold.
The last setting was chnﬁgud_afﬁ.r.crit-rion
responding to a 2 second forcpnriéd and a 1
second limited hold. Thus, subjects could spend
3 seconds maximum inside the hupp|f up-n1ng
during the final stage of the one link trial
training. Each session continued until the
subject had received 20 reinforcers
(presentations of grain follaﬁld bY~l correct

withdrawal and a keypeck). The number of trials



Figure 2. Event diagram representing 1 link
trial errors. Vertical displacement of any
line indicates the beginning and/or end of
stimuli presented. The types of stimull
presented are labelled with the following
symbol sz: 81 = houselight, 82 = white noise.
Horizontal lines represent the duration of the
stimuli presented, however;, figures are not
scaled. Type A and B refer to the PreS2
errors that occur in a 1 link trial, while
Type C refers to the Limited Hold error that
occurs in a 1 1link trial.

.
n
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neeaded to produce twenty correct withdrawals and
thus twenty reinforcers was based on each

subject’s behavior.

During this training, th‘Q.ﬁﬁJcct was now
required to perform the h.ad¥£h)hqad-out movemaent
through the hopper opening twitjvih succession in
order to produce 83 and the subsequent 8r.

Figure 3 is an evaent diagram that represents this
training. Only type b and c errors could be made
in the 2nd link since 81 stnyéd on until th.vh.ad
pulled out or 82 ended. These errors resulted in
immediate advancement to the ITI éf 3 seconds
followed by a one link sequence in which 81
signalled head—-in and an apprapriate head-out to
S2 was followed by 83, peck and 8r. This one
link sequence following link 2 errors was called
a correction trial and figures 4 and S5 are event
diagrams representing the correction trial

following type b and c errors respectively.



Figure 3. Event diagram representing a 2 link

trial. Vertical displacement of any line
indicates the beginning and/or end of stimuli
presented. The types of stimuli: presented are
labelled with the following symbolsl 81 =
houselight, 82 = white noise, and 83 =
keylight. Horizontal lines rnprnsont the -
duration of the stimuli presented,” however,
figures are not scaled. Vertical dashed. lines
represent timers activated to count the number
of seconds within the time period labelled:.

FP = foreperiod, LH = limited hold, and ITI =
intertrial interval. '

"u

28



S1
s2
Head in

s3

Peck

Sr

ITI

| | l
l | | | uration
set by S5
I I I
I |
I l I

3s

3s

29



Figure 4. Event diagram representing a 2nd
link type b error. Vertical displacement of
any. line indicates the beginning and/or end of
stimuli presented. The types of stimuli
presented are labelled with the following

symbols: 81 = housslight, 82 = white noise,

83 = keylight. Horizontal lines: represent the
duration of the stimuli presented, however,.
figures are not scaled. Type B refers to the
PreS82 errors that occur in a 2nd link trial.
Vertical dashed lines represent timers
activated to count the number. of s.cundl
within the time period labelled &t . FP =
foreperiod, LH = limited hold, and ITI
intertrial interval. The event following the
first ITI is labelled a correction trial.
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Figure S. Event diagram representing a 2nd
link type c error. Vertical displacement of
any line indicates the beginning and/or end of
stimuli presented. The types of stimuli
preasented are labelled with the following
symbols: 81 = houselight, 82 = white noise,
83 = keylight. Horizontal lines-represant the
duration of the stimuli presented, however,
figures are not scaled. Type C refers to the
limited hold erraors that occur in.a 2nd link
trial. Vaertical dashed lines represent timers
activated to count the number of seconds
within the time period labelled 31, FP =
foreperiod, LH = limited hold, and ITI
intertrial interval. The event following the
first ITI is labelled a correction trial.
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This training was considered a baseline
condition, after whidh the spbjccts ware randomly
divided into three groups that received
differential conditions with regard to the two
independent variables explored. The two
variables investigated were: .

1) the probability of food insertion during the
2nd 81-82 sequence (2nd 1link). The effects of
two probabilities were assessed: 1.0 and .285.
Figure 6 is an event diagram r.pr.s.nting‘th.s.
conditions. BEoupl received th;li variables as
either a first condition or aq‘n-lat.r condition.
2) The extension of the ITI to 40 s fallowing
2nd link limited hold food errors”(non-withdrawal
of the head from food during the 82 and before
its completion). The ITI remained at I3 seconds
for all other errors. Figure 7 is an event
diagram showing the extension of the ITI to 40 s.
The effect of extending the ITI was assessed at

different points in training: duriﬁg the first

condition (group 3) and during later con&itions

34



Figure 6. Event diagram representing a 2 link
trial in which food is inserted in the 2nd
link at a given probability value. Vertical
displacement of any line indicates the
baeginning and/or end of stimuli presented. The
typas of stimuli presented are labelled with
the following symbols: 81 = houselight, 82 =
white noise, and 83 = keylight. Horizontal
lines represent the duration of the stimuli
presented, however, figures are not scaled.
Vertical dashed lines represent timers
activated to count the number of seconds
within the time period labelled: .FP =
foreperiod, LH = limited hold, and ITI =
intertrial interval.
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Figure 7. Event diagram representing a 2 link
trial in which food is inserted in the 2nd
link at a given probability value and a
limited hold food error occurs. The error,
indicated by 1s in bold, refers to the
behavior of keeping the head in:the hopper for
the full one second limited hold in the
presence of food in the 2nd link. " This error
is followed by an extended 40 s. ITI as
indicated in the diagram and the correction
trial. Vertical displacement of any line
indicates the beginning and/or end of stimuli
presented. The types of stimuli presented are
labelled with the following symbols: 81 =
houselight, 82 = white noise, and 83 =
keylight. Horizontal lines represent the
duration of the stimuli presented, however,
figures are not scaled. Vertical dashed lines
represent timers activated to count the numbaer
of seconds within the time period labelled:
ITI = intertrial interval.
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(groups 1 and 2).

Ten subjects were randomly assigned into
three groups. GBroup 1 (3 subjects) received the
.25 probability of food in the 2nd link during
the first condition. GOroup 2 (3 -subjects)
recaeived the 1.0 probability of food in the 2nd
link during the first :onditionzah&'eroup 3 (4
subjects) received the 1.0 probability of fon& in
the 2nd link plus the extended 40 s. ITI
contingent on 2nd link limitcd hald food errors
during the first conqition.

During cessation of oatinq training, when
food was inserted in the 2nd link, the hopper
would be scheduled to operate folfbwing the first
head—-out response. The hopper remained in the up
position until the 2nd hﬂad—out occurred or until
the limited hold timed out. If'thc subject
pulled its head out during the énd link 82 while
food was present, the head-out response was
labelled a correct withdrawal from food. If the

subject did not withdraw from food (head in



beyond 82 offset) the response was considered a
limted hold food error. In ada}iiqn, once food
was presented in the 2nd 11nk{ﬁ§ third error was
detected nn& recorded thern;fﬁif. 'Th1s third
error, called a cancellation irfor, cancelled the
hopper in mid-operation and resulted in the
advancement to the 3 s. ITI. The cancellation
error occurred if the subject put its head into
the hopper opening before the hopper was in the
up position. N |

All groups rcciiv;d several conditionl in
which either the probability of food insertion
was varied across conditions or the extended ITI
of 40 s. was presented. Table I&IhDWI the
sequence of conditions and the number of sessions
in each condition for group 1, while Tqb}p»Z
shows the conditions and number of sessions for
group 2. Table 3 shows the sequence of
conditions and the numbaer of sessions for group

-

Se.
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Table 1

E
E
|

% of

sessions
0/3 0 I s 10
- 2573 .25 I s 12
0/3 0 I s .
1.0/3 1.0 I s 10
0/3 0 I s 10
. 2573 .25 I s -
«25/740 . 25 40 = 10
1.0/40 1.0 40 s 20
1.0/3 1.0 I s 10



Table 2

. 0/3
1.0/3
1.0/740
1.0/3

s s
O00O0
WUO WU
| _l.



Table I

The Number of Sessign and Experjmental
Condition for Qroup I

Condition plfopd) ITI duration  # of

sessions
0/3 0 I = 10
1.0/740 1.0 40 = 30
1.0/3 1.0 I = a8
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Removal of Correction Trial

Broup 4 was formed using 3 subjects taken
from the pool of the three grdUpl but chosen on
the basis of their previous relative frequency of
correct withdrawals in the last condition
(1.0/3). One subject, wtho Ihbwéd‘d low relative
frequency of correct withdrawals, and two
subjects, who showed relative frequency of
correct withdrawals in the middle range, were
chosen. The subjects in gQroup 4 were exposaed to
a slightly modified proc.durqvin:which the
correction trial, which followed either a
cancellation or limited hold food error, was not
presented. Thus, either of the aépv- errors
resulted in immediate advancement to the
scheduled ITI for that error followed by the
beginning of a new trial (ist l1link). Figure 8 is
an event diagram r.prcsbnting this sequence.
During this condition, only a correct withdrawal
from food was followed by the keylight and the

subsequent reinforcer. This procedure was used

Ly



Figure 8. Event diagram representing a 2 link
trial in which food is inserted in the 2nd
link at a given probability value and a
limited hold food error occurs. The error,
indicated by is in bold, refers to the
behavior of keeping the head in the hopper for
the full one second limited hold in the '
presence of food in the 2nd 1link. This error
is followed by an extended 40 s. ITI as
indicated in the diagram. However, in this
diagram, the correction trial is removed,
thus, the 40 s. ITI is followed by the
beginning of a new 2 link trial. Vertical -
displacement of any line indicates the
beginning and/or end of stimuli pressented. The
types of stimuli presented are labelled with
the following symbols: 81 = hbuliltght. 82 =
white noise, and 83 = keylight. Horizontal
lines represent the duration of the stimuli
presaented, however, figures are not scaled.
Vertical dashed lines represent timers
activated to count the number of seconds
within the time period labelled: ITI =
intertrial interval.
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to assess the influence of the carrection trial
on the maintenance of stimulus control in the 1st
link and on the maintenance of the relative
frequency of correct withdrawals in the presence
of food (2nd 1link). |

Table 4 is a summary table that presents the

main conditions for all groups.

.
e
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Table 4

Ihe Main Conditions to whigh Each Oroup was Exposed

Broup

Conditions

[%Y

«25/3 1.0/3 .235/3 .25/40 1,0/40 1.0/3
1.0/3 1.0/40 1.0/3
1.0/40 1.0/3

s U N

1.0/40 1.0/3 1.0/40
no cor



Results

Figure 9a shows a comparison of the grand\
mean of the average relative fr-qu-ncy of correct
withdrawals in the presence of food for each
group during the first condition in which food
was presented in link 2. The ayuraq. relative
frequencies were based on dltg from all sessions
for each subject during each condition. The
number of sessions for each condition varied
across groups. This information is presented in
the Tables (see Method l.:tioﬁ). For group 1,
the first exposure to food in link 2 occurred at
a .25 probability and a I second intertrial
interval (ITI) followed all -rroré;' For group 2,
the first exposure to food insertion in the 2nd
link was at a probability of 1.0, with a 3 second
ITI for all errors. For group 3, Fh. first
exposure to food in link 2 was at a probability
of 1.0. For this g@roup the fTI,-followind only a
limited hold food error, was 40 saconds in '

duration.

h9



Figure 9 a and b. a) The grand mean of the
mean relative frequency of correct withdrawals
from food per group during the first exposure

to food in link 2. b) Individual subject mean

relative frequencies of correct withdrawals
from food during the first exposure to food in
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As can be seen by the figure, group 3
exhibited substantially more correct withdrawals

in the presence of food than did either of the

other two groups. Probabiifﬁ?méfmfbodwiﬁidrtldn

(either .25 or 1.0) did not fnflucncc the
probability of correct withdrawals from food.
Howaeaver, a 40 sec. ITI following a food error
seemad to increase the likelihood of correct
withdrawals when p(food 1nsc5tion) = 1.0.
Figure 9b presents the ihdﬁv;dunl subject’s
mean relative fr.qucncf of ébfri;t‘uithdrawlls
for mach group during th-ir‘f{rif uprsur‘ to

food in link 2. Here one can see that three out

of four subjects contributed subsfantially to the

group 3 grand mean with the lowest 6f th. 3
showing equivalent relative frequencies to the
single highest responder of the other six
subjects seen in both groups 1 and 2.

Both the group and individual data show that
the 1.0/40 sec. condition during the first

exposure to food in link 2 (gfbup 3) results in

52



a) more subjects cxhibit{no correct withdrawals
and b) these correct wlthdraﬁdif éqcuring at a
higher fr.quincy. | | |

Figure 10a shows the -ff.éfj 6fﬁ¢xposurn to
the 1.0/40 sec. condition following prior
exposure to other conditions 6f.food pf.icntation
in link 2. Groups 1 and 2 uurd exposed to this
condition after having been previously exposed to
the .25/3 and the 1.0/3 sec. conditons. It is
readily apparent, that 1.0/40 sac. had its
greatest effect when it was presented prior to
other conditions of food pr-sqﬁtation in link 2.

Figure 10b shows,for individual subjects, the
mean relative frequency of corrcét withdrawals
from food at 1.0/40 sec.

Figures 11 a and b and 12 a and b present
both group grand means and the individual subject
means of the relative frequency of correct
withdrawals for those groups (both 1 and 2) that
were exposed to a 1.0/3 sec. condition.prinr.to

the 1.0/40 sec. condition. Both figure 1l1a and

53



Figure 10 a and b. a) The grand mean of the
mean relative frequency of caorrect withdrawals
from food in the 1.0/40 sec. condition, during
a later exposure to food in l1link. .2, for groups
1 and 2 and during the first exposure to food
in 1link 2 for group 3. b) - Individual- subJ-ct
mean relative fraoquencies of . corr.ct c
withdrawals from food in the: 1. 0/40 .sec. :
condition, during a later exposure to food in
1ink 2, for groups 1 and 2 and during the
first exposure to food in link 2 for group 3.
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Figure 11 a and b. a) The grand mean of the
mean relative frequency of correct withdrawals
from food for group 1 in the 1.0/3 sec. as
compared to the 1.0/40 sec. condition. b)
Individual subject mean relative frequencies
of correct withdrawals from food. for group 1
in the 1.0/3 sec. as compared to the 1.0/40
sec. condition. :
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Figure 12 a and b. a) The grand mean of the
mean relative frequency of correct withdrawals
from food for group 2 in the 1.0/3 sec. as
compared to the 1.0/40 sec. condition. b)
Individual subjects mean relative frequencies
of correct withdrawals from food for group 2
in the 1.0/3 sec. as compared to the 1.0/40
sec. condition.

.
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12a show that the relative frequency of correct
withdrawals increased when the 1.0/40 sec.
condition was introduced. In fact, for group 1,
as shown in figure 11b, two out of the three
subjects increased correct withdrawals, with
subject 304 moving from a previous frequency of
zaro to an increased value of 84 once the 1.0/40
sec. condition was presented.

Figure 12b shows that the average increase
s@en in correct withdrawals it the 1.0/40 sec.
condition as compared to the 1.0/3 sec. conditian
is, for group 2, largely based on tﬁ.
contribution of subject 109 whose correct
withdrawals increased substantinlfv once the 40
sec. ITI was added for limited hold food errors.

These four figures (11 a and b, 12 a and b)
show that during a later exposure the 1.0/40 sec.
as a second condition had a greater effect on
increasing the likelihood of correct withdrawals
than did the 1.0/3 sec. as a second condition.

Figure 13 a and b present the data for group



Figure 13 a and b. a) The grand mean of the
mean relative frequency of correct withdrawals
from food for group 1 across conditions (.2%5/3
gsec. in the first exposure to food in link 2,
«25/3 sec. in a later exposure to food in 1ink
2, and the .25/40 sec. in a later exposure to
food in link 2). b) Individual subject mean
relative frequencies of correct withdrawals
from food for group 1 across conditions (.25/3
sec. in the first exposure to food in link 2,
«25/3 sec. in a later exposure to food in link
2, and the .25/40 sec. in a later exposure to
food in 1link 2).

.
e
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1 during three of the conditions to which it was
exposed: 1) the .25 probability of food
insertion with the I sec. ITI as a first
exposure, 2) the .25 probability of foﬁd
insertion with the 3 sec. ITI as a later
exposure, and 3) the .25 probabiiity of food
insertion with the 40 sec. ITI as a later
exposure. One can see in Figure 13 a, that
correct withdrawals occurred 13% of the time
during the first exposure but declined to 1%
during a later exposure and then rose to 6% with
the imposition of the .25 cumptnld with the 40
sec. ITI. Figure 13 b shows that two out of
three individual subjects produc-é correct
withdrawals throughout the first exposure,
decreasing to only 1 subject during a later
-axposure at the same .235/3 sec. condition.
However, once the .2%3/40 sec. condition was
added, both subjects who responded initially in
the first exposure to food in link ﬁ, increased

correct withdrawals to between 84 and 10%,



These results show that the 40 sec. ITI had
an effect during a later condtion of food
presantation when concurrent with the .25
prnbnbility condition. |

All of the correct withdrawal data have shown
that such withdrawals océurrcd at a higher
Enlntivn frequency when an extended ITI was
presented for nonwithdrawal from food during the
first condition of food prcscntatioh in link 2
and during later conditions of food prcp-ntltiun.
Indead, group 1 (.25/3 smec. conditioﬁ as arfifst
exposure to foaod in link 2 ) gﬁowcd a
deterioration of correct withdrawals when the
.25/3 msec. condition was rcintroddend following
exposure to other conditions. fh.‘d.tnrioration
was reversead when the .25/40‘s¢d} condition was
presented. Although an increase in responding
was seen during a later stage of training for
both thi «25 and 1.0 values when combined with
the 40 sec. ITI, the greatest effect on correct

withdrawals from food was seen when the I.Q_-

6l
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probability value was prc:nngjq,{n-combinatton
with the 40 sec. ITI during thuff;fit exposure to
food in link 2. -

The focus so far in this lcction has been on
corraect withdrawals, but within each link there
were 3 possible ways a subjccﬁ could respond: 1)
by withdrawing from 4oodA¢v.n,though the fﬁod
remained for an additional second (labelled a
correct withdrawal), 2) by staying in the ‘hopper
opening and continuing to eat for th. remainder
of the additional 1 sec. (lab-licd'; limited hold
food error), and 3) by going into the hopper
opening just before the food hns presented thus
cancelling the hopper pr.l.ntatiaﬁ in that link
(labelled a cancellation error).

Figqure 14 a, b and c presents the grand mean
of the average relative frequency of all three
categories of behavior within the 2nd 1ink when
foaod was present (correct withdrawals, food
errors and cancellation errors), for groups 1, 2

and 3 across the conditions to which each group



Figure 14 a, b and ¢c. a) The grand mean of
the mean relative frequency of correct
withdrawals from food, limited hold food
errors and cancellation errors for group 1
across all conditions (.25/3 sec., 1.0/3 sec.,
«25/3 s@c., .235/40 sec., 1.0/40 mec., 1.0/3
s®C.). b) The grand mean of the mean
relative frequency of correct withdrawals from
food, limited hold food errors and
cancellation errors for group 2 across all
caoanditions (1.0/3 sec., 1.0/40 sec., 1.0/3
S58C.) . c) The grand mean of the mean
relative frequency of correct withdrawals from
food, limited hold food errors and
cancellation errors for group 3 across all
conditions (1.0/40 sec., 1.0/3 sec.). '
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was exposed.

As can be seen in Figure 14 a, correct
withdrawals for group 1 oc:urfid at 13% &uring
the first exposure to food in link 2,
deteriorated in the next two conditions (1.0/3
sec. and .25/3 sec.) to 1%, 1hcr-Ai-d slightly in
the next condition (.25/40 sec.) to &% and
increased still further in the last two
conditions (1.0/40 sec. and 1.0/3 sec.) to 9% and
13%2 respectively. In this case, one can see that
the deterioration as mentioned above reversas
with the .25/40 sec. condition and correct
withdrawals continue to 1ncr.‘l| with the
subsequent presentation of the 1.6/40 sec.
condition and with the 1.0/3 sec. qpnditgon.

One can also see that the relative frequency
of food errors was high during the first exposure
to food in link 2 and increased during the next
two conditions (1.0/3 sec. and .25/3 sec.) but
subsequently decreased during the last three

conditions (.25/40 sec., 1.0/40 sec. and 1.0/3

68



sec.), reflecting the fact that the correct
withdrawals and the food lrrdrl'nrn.cpmplnmnntary
measures. . |

On the other hand, clnccligtioﬁ arrors
eliminate the food pr.snntltibn and so these
relative frequencies are based on cancellation
occurences divided by the lghidulcd number of
food presentations. Group 1 shows that
cancellation errors occurred within the range of
10% to 30% across all conditions and showed no
apparent trend. o

Figure 14 b presents the q.ta for group 2.
As already seen in group 1, there was an increase
in the grand mean of the average éhlative
frequency of correct withdrawals once the 1.0/40
sec. condition was presented. S8imilarly, the
relative frequency of limited hold food errors
decreased as the correct withdrawals increased
but continued to occur as the predominant way of
responding within a 2nd 1ink with food (staying
-at a high range of 80% to 927%4). Cancellation

69



. 70

errors, although not as high as in group 1, fell
within a range of 8% and 10%.

Figure 14 c presents the data for group 3I.
Here one c;ﬁ Cleaarly seoeo similarityvin fh-
distributions of both correct withdrawals and of
limited hold food errors ( 45% and 335%
rnspéctively). This similarlty,incr.as-d when
the group was exposed to the 1.0/3 sec. condition
following the first exposure to link 2 food under
the 1.0/40 sec. condition (48% and S2%).
Cancellation errors remained the same for both
conditions at 33%Z and 32% r.spcctivcly.

Figure 14 a, b and c show; in general, that
all three groups showed an incrnaén in the mean
relative frequency of correct withdrawals when
the 1.0/40 sec. condition was introduced.
However, limited hold food errors were
immediately apparent from the first session on
and predominated during most 2nd links with food
especially for groups 1 and 2 whlrnjth.y.r.main-d

within the range of 804 to 100%Z. There was no
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clear traend of cancellation errors displayed
across Qroups or conditions except that they fell
within a range of 7% and 33%.

Even though group 3 showed similar
distributions of food errors and correct
withdrawals, no growth was seen in correct
withdrawals across sessions for those lubjncts'
showing relative frequencies in the lbw ind
middle range, suggesting that whatever the
subjects were doing when that condition was
begun, was stabilized and preserved more
effectively than by any dth-r'conditiun. Figures
15, 16, 17, qnd 18 show this effect for each
subject in group 3. As can be s-én by the
figures, subjects showing relative frequencies of
correct withdrawals in the low, medium and high
range stayed within a consistent range across
sessions.

Figure 19 a, b and c presents the
relationship between limited hold food errors and

the other two limited hold errors that could be



Figure 135. The absolute number of responses
(carrect withdrawals from food, limited hold
food errors and cancellation errors) during
the 2nd link across sessions for subject 303
in group 3 during the first exposure to food
in link 2.
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Figure 16. The absolute number of responses
(correct withdrawals from food, limited hold
food errors and cancellation errors) during
the 2nd link across sessions for subject 301
in group 3 during the first exposure to food
in 1ink 2.
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Figure 17. The absolute number of responses
(correct withdrawals from food, limited hold
food errors and cancellation errors) during
the 2nd link across sessions for subject 1463
in group 3 during the first exposure to food
in link 2.
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Figure 18. The absolute number of responses

(correct withdrawals from food, limited hold
food errors and cancellation errors) during
the 2nd 1ink across sessions for subject 145

in group 3 during the first .xpusur- to food

in link 2.
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Figure 19 a, b and €. a) The grand mean of
the mean relative frequency of limited hold
food errors as compared to limited hold 1st
and 2nd link errors without food for group 1
across all conditions ( .25/3 sec., 1.0/3 -
S@C.p; «23/3 me@c., .25/40 s@c., 1.0/40 sec.,
1.0/3 sec.). b)) The grand mean of the mean
relative frequency of limited hold food errors
as compared to limited hold 1st and 2nd link
errors without food for group:2 across all
conditions ( 1.0/3 sec., 1.0/40 sec., 1.0/3
S®C.). c) The grand mean of the mean
relative frequency of limited hold food errors
as compared to limited hold 1st and 2nd link
errors without food for group 3 across all
conditions ( 1.0/40 sec. and 1.0/3 sec.).
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exhibited: limited hold errors in the 1st link
(during which food was never brpnlntnd) and
limited hold errors in the 2nd link trials in
which food was not presented. It was expected at
the start of the experiment fhit once limitcd
hold food errors occurred in éhn‘an link when
food wags present, that these errors would
influence the stimulus contraol that had been
previously established. To t.st th1l prediction
the 1st link was left uithoutv#bod.-qrthat one
could have a comparison link within ¢ach session.
This comparison or control link would provide the
opportunity to detect the breakdown of stimulus
control if it were to accur. The “2nd 1inks could
also occur without food but only under the
following conditions: when the b;obnbillty of
food insertion was at .25 thus leaving some
trials where there were two links without foodg
in a correction trial that followed a limited
hold food error. During the latter condition a

correct withdrawal would produce the keylight
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(S3) in the presence of whichva peck would be
reinforced.

Figure 19 a, b and c shows that for all
groups across all conditions limited hold 1ist
link and 2nd 1ink (without food) errors were
consi:tqptly low, occuring within the range of 0%
and S%. There was no growth seen in the error
rate indicating that stimulus control was
eliminated in the food link without increasing
errors in the 1st link or the 2nd link (without
food).

Figure 20 shows the last condition of the
experiment (removal of the correction trial)
which occurred for the three subjécts selected to
form group 4. The figure shows a comparison
between the grand mean of the average relative
frequency of correct withdrawals, limited hold
food errors, cancellation errors and limited hold
1gt link errors during the last three conditions
to which all subjects were uxposnd.} of

particular importance is the last condition which



Figure 20. A comparison between the grand
mean of the mean relative frequency of correct
withdrawals from food, limited hold food
errors, cancellation errors and limited hold
1st link errors for group 4 during the last
three conditions to which it was exposed
(1.0/40 mec., 1.0/3 sec., and the n

correction trial condition). s
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was called the removal of correction trial (no
correction trial) condition. Here the procedure
was changed so that limited hold fodd errors
would not be followed by the single link
correction trial. Rather, a new trial would
immediately follow the ITI (see Figure 8). The
significant finding in these data is that the
limit;d hold 1st link errors increased
substantially in this no corrpctidn trial
condition, while leaving th. o£h-f responses
relatively unaffected. There was only a slight
decrease in the mean rclativ._fr.quuncy of

correct withdrawals and food errors during the no

.
e

correction trial condition.
Figures 21 and 22 a and b, present the mean
relative frequency of correct withdrawals,
limited hold food errors, cancellation oérorl and
limited hold 1st link errors for the individual
subjndts across the last three conditions to
which they were exposed. Figure 21.n shows that

the mean relative frequency of correct
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Figure 21 a and b. a) Individual subject mean
relative frequencies of correct withdrawals
from food during the last three conditions to
which group 4 was exposed (1.0/40 sec., 1.0/3
sec.,; and no correction trial).: b): Individual
subject mean relative frequencies of limited
hold food errors during the last three
conditions to which group 4 was axposaed
(1.0/740 msec., 1.0/3 sec., and no correction
trial).
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Figure 22 a and b. a) Individual subject
mean relative frequencies of cancellation
errors during the last three conditions to
which group 4 was exposed (1.0/40 sec., 1.0/3
sec., and no correction trial).” b):Individual
subject mean relative frequencies of limited
hold ist link errors during the last three
conditions to which group 4 was exposed
(1.0/740 s@c., 1.0/3 sec., and no correction
trial). ~ '
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withdrawals decreased for thf;i out of the three
subjects when the last condigibﬁ was presented
(no correction trial). Flguri?é} b:shows that
the slight decrease as shown byﬁthifgroup grand
mean of the average relative fk.qh;hcy'of limited
hold food errors is due to one subject (#455)
whose substantial decrease in fqod_.rior.jafflnt
the slight increases shown by the other two
subjects in the last condition. In fact, #4355
stopped responding and did.not finish the last
two sessions to which it ualinxbbsod; Figure 22
‘a shows that the average rnla§i95'¥r-qunncy of
cancellation errors increased for two out of
three subjects during the last coéﬂition. Figure
22 b shows that the limited hold ist link errors
increased substantially for all 3 subjects within
group 4 during thi last no correction trial
condition.

The general findings seen in the last three
figures (20, 21 and 22) are that th; :timqlul

control seen in the 1st links and 2nd links
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(without food) as displayed by the virtual non-
existence of limited hold errors in these links
across conditions, was 1nd-qatdilruptnd wh-nvth-
correction trial was taken odé;} Thil shows that
the opportunity for reinforcement following a
correct withdrawal in a non-food link is needed
to maintain stimulus control in the 1st link at a
high level of accuracy. In addition, the fact
that correct withdrawals from food did not
deteriorate completely indicates that the
correction trial was not necessary to sustain
correct withdrawals from {ood onc. thay were

established.

.
“



Din:ussion-i

The present experiment uiifdilign.d to assess
the conditions influencing th;f;ipqntion of
ingestion. It was anticipatoa éﬁ;ﬁ'by getting
initial discriminative cuntroi!dV.r,thu movement
of withdrawal in the absence of fobd,‘this prior
training would increase the likelihoaod that
withdrawals would continue to occgf once food was
added to the situation. If withdrawals did
occur, they would be 1mm.d1ﬂti1y r.inforc-d.

The influence of different probabilities of
food insertion in the 2nd linkJuas tested in
Groups { and 2. The values of p=.25 and p=1.0
were assessed during a first -xpoéuru to food to
see@ whether intermittent or continuous food
insertion was more effective in producing and
maintaining correct withdrawals from food. The
rasults showed that neither group exhibited
substantial relative frequencies of correct

withdrawals.

Group 3, however, did show a substantial

93



relative frequency of correct withdrawals during
its first exposure to food in 1link 2, as compared
with groups 1 and 2. This grpup'uqq'ogpo-ud to a
1.0 probability of food 1n--r£i6n with a 40 sec.
ITI following a limited hold fbbdfyfror during
its first exposure to food in 1link 2. It seamed
that both the 40 sec. ITI and.thi first condition
of exposure to food in link 2 were needed in
order to get the most lubstantial'rclgtiv.
frequencies of correct withdrawals from food.

The effect seen with the 40 sac. ITI following a
limited hold food error ilhpifh;ﬁgn;niioﬁuus £o
the finding of Fantino (1964). His work assessed
the influence of an extinction pc@iod following
the delivery of an immediate reinforcer (giv.n
for pecking the key) as opposad to a grigtpr

amount of reinforcement following a delayed

keypeck. He found that subjects who were lxpos.d

to a 30 minute extinction period following
immediate reinforcement and 3 #c.dlagl following

a delayed peck, showed an increase in the
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percentage of delayed pecks .#hibit.d especially
at 1/2 and 1 sec. delays. HaﬁiVir, as the
required delay to keypeck 1nc;;ﬁp;d:tov3 s®C.,
the percent of delays obtlinud‘ddéF;alid to less
than 5% even under the 30 minutp,cxtinctlon
condition. In nth.r words, tﬁ..d.crualu in the
overall density of r-infor:.@;htu(ulth the
imposition of the 30 minute -xiihctton period)
had an effect on the delayed keypecks if the
delay was within the range offi/Z-ﬁu 1 sec.
Fantino’s results are cdnii:tqnt with the
present study in that part111 c6n£rui'ovcr
behavior was obtained when the consequence for
that behavior was increased. In éantino’s work
the consequence for not delaying a keypeck was 30
minutes of extinction following the ingestion of
immediate food. In the present study the
consequence for not withdrawing from food was a
40 second ITI following the ingestion of
immediate food. The findings in bo&h experiments

showaed that there was an increase in responding
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(percentage of delayed keypecks in Fantino’s
work, and an increase in the relative frequency
of correct withdrawals in the present work) when
there was a consequence for notlnmitting the
behavior in question. In addition, both
experiments used a period in which there was no
opportunity for r.infurc.mqntithpy}lyd'anv
extinction period by Fantino and an ITI in the
present work) which 1nadv-rtant1yichangnd the
overall density of reinforcement péf session. It
is unclear, then, whether the control over
responding in both -xpnrim-ntq was due to the
decrease in the overall density of ruinforéqm-nt
or to the extinction period p;r Iép

Although the relative frcducﬁcy of correct
withdrawals increased during the 40 second ITI
conditions as opposed to other conditions,
responding did not grow or reach 100%. This is
also consistent with Fantino’s findings in which
the average percentage of rnspondiné seen did not

go above 60% even with the most ltring.ht_pcnalty
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(a 30 min. extinction period féllouing immediate
reinforcement). This sugg-stﬁaghat it might be
more difficult to get COntFOIIQQCP.I response
that has two temporally compdtingucbnsuqu.nc.ss
an immediate reinforcement and i'dqlaynd
extinction period.

That the relative frequency of correct
withdrawals from food did not grow or reach 100%
can be . understood in the prcqunt ixpnriment by
the consideration of the potent competition of
immediate foqd inherent 1n'thi'ﬁrocudurn itself.
For example, in the prnlcnt‘itu&y; the question
was whether one could get an organism to stop
eating. This necessarily 1mp1£-s&a procedure in
which the organism already has the food in its
mouth. Under these conditions, one
interpretation may be that food in the mouth
elicits eating. Another explanation may be that

the subject is already consuming an immediate

reinforcer. In either case, the oniy consequence

capable of being controlled by the experimenter
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is delayed until after the food is ingested. The
pr.sint study introduced a period of extinction
following non-withdrawal fron{food, and the
results showed that one 1I‘abip‘to,g|t 45%
correct withdrawals from food if the extinction
period is presented during the subject’s first
exposure to link 2 food.

This 437 frequency of correct withdrawals
from food may be attributable to the fact that
extinction cannot be used to prevent non- -
withdrawal from occurring and th;rnforn cannot
pravent the organism from obtaining 1mm-df;tn
reinforcement for non-withdrawal. Many
researchers have documented the cémpntition of an
immediate reinforcer versus a delayed one on
choice behavior (Rachlin and BGreen, 1972
Ainslie, 1974; Mazur and Logue, 19783 Logue
et.al., 19843 and Logue and Pena-Correal, 1984).
In fact, Rachlin and Green (1972) state that if

cus”an alternative can be chosen it must
also be capable of being rejected. Yet, an
organism could not reject a reinforcement



with no delay. To say D-ogiupli.s that the

organism "has" the reinforcement. It is

reasonable to consider prefereance to be

infinite for a r.infnrc.mint alr.ady

obtained.” TR

The predominance of limited hold food errors
seen 1in this experiment att-itl‘tb.thnjiact that
when food is immediately available it serves as a
potent reinforcer for noh-withdrawll from food.
The predicted direction 64 th-lcquation stated by
Rachlin is extended by these. rcsults but the
boundaries of the equation, thlt 1-, when delay =
0 the value of the reinforcer 1: 1qf1nitl, is not
supported by the present study. Iﬁ{fact, some
correct withdrawals from food occurred and
persisted throughout the uxp.rim.ét with the
strongest effect seen in group 3 during the first
exposure to food in link 2. In other words,
subjects learn to forego some immadiate food if
there is a substantial differential between the
consequences of withdrawing and remaining.

However, most subjects under almost all

conditions showed a proponderance of limited hold
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food errors. A possible explanation for the
persistence of limited hold food errors may be
not only the competition of fdod as an immediate
reinforcer but also the competition of food as an
eliciting stimulus for eating. It seems logical
then that an effective way to eliminate the
strong compctition of an eliciting stimulus as
well as an immediate reinforcer is to prevent the
organism from obtaining it in the first place.

In Rachlin’s case, subjects were required to take
an unalterable route chosen to be a sufficient
temporal distance away from the availability of
the reinforcer. In the Coii et al., 1§82idﬁbli,
1983; and Stern, 1986 .xpnrim.ntsf’ extinction
was used to prevent the subject from obtaining
the immediate reinforcer given unauthorized
approach. In all of the above experiments, the
procedures do not allow for immediate food to be
obtained. However, in the Rachlin and Green
procedure, the temporal distance pl;am-tcr is

used to enhance the likelihood of making a choice
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for the large but delayed reinforcer. As the
choice time is made at a grcgﬁcr‘tdmpéral
distance from food availability, most subjects
show a tendency to make mord'iarg-,dnlnyndf
reinforcer choices. However, this preference does
not occur for all sub{.ctl. Ih the Cole et al.,
1982; Coll, 1983; and 8tqrn,7;986 experiments,
however, 80% reliable r.frninm,ﬁt can be obtained
in all subjects. .

Some work done by Mazur and Loghn (1978) 3
Logue, Rodriguez, Pena-Correal nnd}ﬂanro (1984);
" and Logue and Pena-Correal (1?84), has explored
the effects of allowing the organism to change
its choice as time draws closer té the
availability of thn_roin*orc.r. These waorkers
consistently found that original large reinforcer
choices changed to prciurcné.'for.lmall, more
immediate reinforcers as the delay to the small
reinforcer was decreased. They found that the
use of fading procedures helped to maintain

original large, delayed reinforcer choices
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despite immediate reinforcer alternatives for
experimental groups over contrpl groups who
hadn’t received any fading. Houcv.f, they do not
find 100% choice for the largé;fdolay.d
reinforcers within sessions of;¥or all subjects.
It seems then, that if a lubj;ct is allowed to
obtain the small, immediate ruinfbrtcr, the
subject will choose it most times despite an

el aborate history using fading techniques. Logue
et al.’s procedure does not use extinction to
aliminate the possibility of obtaining a potent
immediate reinforcer. This f;gtur. when
exercised servaes to strengthen approach behavior
to gain small, immediate rninforcé?s on
subsequent opportunities.

Based on the above experiments, it seems that
the most reliable procedure to obtain rofﬁainment
from food (that is, not initiating ingestion) is
one which employs extinction. This pro:nduf.
developed and tested by Cole et al., 1982; Coll,
1983; and Stern, 19846, produced reliable |
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refrainment in the pr.scncn_ofwfqu for all
subjects. These studies together with the
present experiment show that dn¢ chn gain precise
control over approach behavior leading up to
ingestion through the use of nxtinétion for
unauthorized approach mar.’rqliably than one can
gain control over the termination of ingestion
itself. o

The fact that subjects initially and
,persist-ntly made many limitnd'hpid'food errors
(between B0% to 100%) when cxpoicdzto food and
very few (1% to S%Z) limited hold errors when food -
was not present, suggests that the addition of
the food in the 2nd 1ink served nét only as a
potent reinforcer but may have served alsoc as a
conditional stimulus which cued the organism to
continue eating (ie: to not withdraw from food).
Thus, it seems that an additional discrimination
emerged that was conditional upon fhn presence of
food in the 2nd link. This is indicated by the

persistence of stimulus control seen in the links
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without food despite the factfgﬁ}t non-withdrawal
from food had been rcinforccdviﬂ;thi 2nd 1ink
with food.

In sum, it seems po:sibl.;that food may have
functioned in three different Qayl,duringﬂlink 23
‘1) as an immediate r.inforc.r”{oF nonwithdrawal,
2) as a conditional discriminnﬁtvc stimulus that
signalled nonwithdrawal only in its presence, and
3) as a eliciting stimulus for eating.

The major findings of the present experiment
may be summarized by the following statements:

1) The combination of the probability of food
ingsartion at 1.0 with the 40 sec. ITI for non-
withdrawal from food was needed dd?ing a first
exposure to food in 1link 2 in order to produce
substantial relative frequencies of correct
withdrawals from food.

2) The highest relative frequency of correct
withdrawals from food occurred for group 3 (ie:
group 1 -;13; group 2 = .04 and gro&p I = .45%).

3) Comparisons between the limited hold food
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arrors and the limited hold ist and 2nd links
without food suggests that a conditional
discrimination may have been léquirnd once food
was added in the 2nd link.nw“ | o

4) The removal of the correction trial for group
4 did not eliminate the relative frequency of
correct withdrawals from food for all subjects
suggesting that the correction trial 1s‘not
needed to maintain the r.lntivn'*r;quency o¥<
correct withdrawals from *aadf@qcililtabliuhnd.
S5) The increase seen in th.hlféitidvhold‘lit
link errors following the r.@qvi1 df the
correction trial in group 4 1nd1cntnl that the
correction trial was needed to ﬁ;éntain stimulus
control of withdrawing in the non- food links.
However, the breakdown in stimulus control in the
1st link (non-food) as evidenced by'thn“incrcasn
in errors did not influence the relative
frequency of correct withdrawals from food. This
suggests that once food was added 16 the 2nd

link, a conditional discrimination may have been
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formed thus making each link independent of the

other.

.
%
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