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Abstract

DETERMINANTS OF REFRAXNMENT FROM EATING IN THE 
PRESENCE OF FOODi EFFECTS OF FOOD PRESENTATION DURATION

AND PROBABILITY OF FOOD WITHDRAWAL GIVEN APPROACH
by

Barry Starn 

Adviaori Professor Brstt K. Cols

A discrsts-trials procsdurs initially dsscribsd by 
Cols, Coll, and Schoenfeld (1982) was isplsssntsd in an 
effort to tsach pigoons to ssloctivoly refrain fros sating 
fro* a fillod, raissd food hoppor. Rsfrain*ont during a 
first hoppor prasantation (81) rosultod in ths onsst of a 
housslight in tha prasanca of which a kaypock rosultod in 
a socond hoppor prasantation (82) during which 3 sac of 
sating was poraittod.

Coll (1983) daaonstratad that if attaapts to oat 
during 81 (l.o., 81 approachos) always rosultod in tha 
laaadiata withdrawal of tha hoppor such that it was 
iaposslbla for tha pigaon to obtain any grain, tha 
procadura produced reliable 81 rafrainaont.

A aajor purpose of tha currant study was to assess 
tha necessity and sufficiency of this 81 withdrawal 
raqulraaant. Thirty anlaals wars randoaly divided into 9 
groups of 6 aniaals each, and assigned an initial
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probability of 81 withdrawal givan approach (Groups Ba«5 * 
.8t .9, .93, and 1.0). If hoppar withdrawal was not 
schadulad, 3 sac of 81 aating was paraittad.

Critarion 81 durations wara incraasad in 1 sac 
lncraaants from 1 to 10 aac whan refralnaent had occurrad 
on 80X of tha trials during ona or aore pravious sassions. 
Initial acquisition was considarad coaplatad onca an 
aniaal raspondad at tha BOX critarion at an 81 duration of 
10 sac.

Tha nuabar of aniaals coaplating initial acquisition 
Incraasad with lncraasas in qi Broup Qa*3 / 0 aniaals, 
g-.B / 1 aniaal, q".9 / 3 aniaals, g".95 and / 6
aniaals aach. All aniaals failing to coaplata initial 
acquisition at thair Initial q values did so at highar q 
values.

£ was than systaaatlcally decreased for aniaals in 
Groups b*.93 and gal.0. Refralnaent settled at or near 
zero for all aniaals at various b ‘* > •• Subsequent b 
increases wara ineffective in producing reacqulsltlon at 
any values lass than bs1-b although criterion responding 
had previously occurrad at these values while b **** being 
decreased.

A eaintenance requiraaent of criterion responding for 
10 consecutive days following initial acquisition (Groups 
Ba-S, .6, and .9) or reacqulsltlon (Groups Ba> "  «r‘d 
Ba1.0> was set for all except one aniaal.
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Introduction

Various researchers urns tsrss slailar or idsntical to 
"self-control" or "lapulse control" to dsscrlbs bshavior 
which in so—  aannar dal ays food prasantation to hungry 
organIsas in asparlaontal sattings (a.g.t Alnslie, 1974| 
Qrosch and Neuringer, 1901| Qrossbard and Mazur, 1986| 
Logua and Pana-Corraal, 1984| Mazur and Logua, 1978| 
Rachlin, 1974| Rachlin and Braan, 1972). In such 
paradigas, bahavlor is viewed as tha outcoaa of a choica 
batnaan tha opportunity to obtain an iaaadiata ralnforcar 
varsus a dalayad, yat potantlally prafarabla ona. Onca 
tha organlsa opts for tha aora tsaporally distant 
ralnforcar, "salf-control" is said to hava occurrad.
Thasa paradigas hava in coaaon tha fact that food is 
always consuaad whan prasantad.

Altarnatlvaly, paradigas in which food is prasantad 
to hungry organisas and yat, undar cartain conditions, 
consuaption doas not occur until a bahavioral critarion 
has bean aat hava also been labelled "self-control" (Cola, 
Coll, and Schoanfald, 1982| Coll, 1983) or "self- 
ralnforcaaant" (Bandura and Hahonay, 1974| Mahonay and 
Bandura, 1972). Tha present study is concerned with those 
conditions engendering such refralnaent in tha presence of 
food.

This latter conceptualization of self-control is 
perhaps aost easily illustrated with an axaaplai As a
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hiddan obiarvar in an ixpariMnt dnlgnid to Modify tha 
••ting bahavior of an obasa individual you arm inf or— d 
only that tha poraon will ba aubjactad to a 24 hour faat 
which will pracada a IS ainuta obaarvation parlod and that 
a aupply of cornad baaf aandwichaa will ba placad upon tha 
tabla in tha aaall rooa in which tha axpariaant ia to taka 
placa. Upon querying tha axpariaantar an to tha 
particular food aalaction you find that tha aubjact had 
pravioualy baan aakad for a liat of favorita foods and 
that cornad baaf had toppad tha liat. Aa tha obaarvation 
pariod bagins, you saa tha aubjact baing ascortad into tha 
axparlaantal rooa and aakad if ha praaantly faala hungry. 
Upon tha aubjact'a affiraativa rasponsa ha is inforaad 
that ha is walcoaa to onJoy aa auch cornad baaf as ha'd 
Ilka whllo ha awaits his ascort'a raturn. Tha aubjact 
proaptly aits down in tha only chair in tha rooa, which la 
placad diroctly in front of tha aandwichaa. You obsarva 
that tha aubjact fails to conauaa any cornad baaf although 
it is naarly IS ainutas bafora tha ascort roturns.

Tha fact that tha food is thora for tha taking and 
yat tha aubjact rafrains froa its ingastlon laads ona to 
suaaariza tha aubjact*a bohavlor as oalf-controllad. This 
rafralnaont is unaxpactad. Rathar, tha circuastancas ona 
saasi tha prasonco of tha food and tha Individual raady 
and abla to aatv auggaat that aatlng la inavitabla.

For tha pradiction to ba otharwisa, l.a., for 
”salf-control" to occur, ana aust ldantlfy varlablas that
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will successfully proaote and Maintain not sating in ths 
presence of food, and daeonstrate that without 
Manipulation of these variables the food is sufficient to 
coapel eating. One can identify an analogue to the huaan 
exaaple when one aoves into the operant laboratory, where 
the typical usage of food deprived aniaals ensures that, 
with proper Magazine training, eating will reliably occur 
each tiMe food is presented.

Thus, an aniaal analogue of the "unrestrained eater" 
is created each tiae an operant experiaent using a food 
deprivation operation and food as a reinforcer is 
conducted. The Magazine training is considered a 
prerequisite for the experiaental conditions which follow. 
In typical experiaents one would have no reason to atteapt 
to extinguish the eating response in the presence of the 
available filled food Magazine, but should such an outcoae 
be needed one eight aerely identify the aniaal'a approach 
to food sufficiently to withdraw the food before it could 
be Ingested. Eventually one aight expect any cues which 
had foraerly served as the occasion for hopper approach to 
lose their behavioral effects.

Here failure to approach food in a situation is a 
necessary but not sufficient requlreasnt for Invoking the 
tera self-control. For exaaple, one would not describe a 
naive aniaal as self-controllad siaply because those cues 
indicating food availability do not as yet control hopper 
approach. In order for behavior to be appropriately
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described as self-controlled it aust further ba 
daaonstratad that, undar siailar conditions, tha saaa 
aniaal has raliably abtainad tha food. Tha task of 
establishing self-control therefore involves training an 
organise to alternately eat and not eat food that is 
present.

Tha enterprise eight be aided by the use of a 
stieulus control operation. In the absence of a cue, 
e.g., a houselight, food approach eight be eet with hopper 
withdrawal, while, in the presence of the cue, eating 
following hopper approach can be pereitted. If one were 
to alternate these 2 conditions, refraineent during the 
absence of the cue need not occur. However, refraineent 
can be differentially reinforced by presenting the 
condition in which eating is pereitted only after a 
refraineent criterion has been eet in the absence of the 
cue. An aniaal that reliably refrained froe food approach 
when the cue was absent, but readily approached and ate 
when the cue was present could be described appropriately 
as deaonstratlng self-control.

As stated at the outset of the introduction, this is 
but one type of paradige which has been labelled "self- 
control". The appropriateness of the descriptive 
terelnology in the above literature will not be debated 
here (but has been exaained by Catania, 1975). However, 
given that the labels for these various procedures lack 
unanieity, utilization of the tere "self-control" will be
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Minimal hereafter. Instead, the text Mill Maintain a 
consistent mlaboration of tha crucial asp acta of tha 
currant procadural coaponont«f naaely, tha conditions 
Mhich control sating and rsfrainnant froa sating in ths 
prsssncs of food. As statsd earlier, in a situation Mhsrs 
sating has bssn aads likely and reliable, rsfrainasnt froa 
sating in ths prsssncs of food is than unliksly and 
unrsliabls. Ths aajor task of ths procsdural stsps 
discusssd sarlisr is thsrsfors to sstablish control over 
reliable and predictable periods of rsfrainasnt froa 
sating in ths prsssncs of food. Ths text sill indicate 
that concern by using, "rsfrainasnt" Mhsrs appropriate 
rather than "self-control” Mhich collectively subsuaes 
reliable and predictable instances of both rsfrainasnt and 
eating. Use of ths tera "refrainaent" Mill also sarva to 
clarify tha distinction betMean ths current procedure and 
others using the tera "self-control".

Cole, Coll, and Schoenfeld (19B2) trained this 
stiaulus-spacific rsfrainasnt in pigeons using a procedure 
siallar to that described above. The aost effective 
variant of the procedure involved a discrete—trials 
situation in Mhich each reinforced trial contained 2 
hopper presentations. During the first presentation (81), 
pigeons Mere required to refrain froa approaching the 
raised hopper. If this refralnaent occurred for a 
prespecified tiae period, the hopper mss loMsred and the 
houselight siaultaneously illuainated. A single keypeck
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than resulted in a sacond hoppar prasantation (82) 
whereupon tha pigeon Mas allowad 3 sac accass to grain. 
Hoppor approachas during 81 More detocted by a photocell 
and aat with iaaadiata food withdrawal (i.a., before grain 
could ba consumed). In addition, tha housellght remained 
off and 82 cancelled on such trials. Thus, tha animal 
could obtain food only by refrainment during 81.

Coll (1983) extended tha above findings by conducting 
a systematic examination of 2 parameters of the procedure. 
The roles of 82 occurrence and the keypeck requirement 
were investigated during acquisition and maintenance.
Both variables were manipulated probabilistically, i.e., 
there was a randomly selected predictable proportion of 
trials where, given 81 refralnaent, either 82 occurrence 
was scheduled or the keypeck requirement preceding 82 was 
in effect. A baseline group was Included where the values 
of both these variables were Initially set at q«1.0 (i.e., 
during each trial featuring 81 refralnaent, a keypeck was 
required which Inevitably resulted in 82 occurrence). For 
animals in other groups, if the probability of the keypeck 
requirement was less than 1.8, the probability of 82 
occurrence remained at 1.8 and vice-versa.

All 18 animals exposed to 82 probabilities equal to 
or greater than .379 learned to refrain froa approaching 
81. However, at g values of .29 or less (i.e., 29X or 
less of the trials had 82 occurrence scheduled following a 
keypeck), 14 of IB animals failed to refrain froa 81
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approach. A d if •far ant pictura aaarqad for tha probability 
of tha kaypack raquiraaant. At all q valuas lasa than l.B 
(varying between .79 and 0) only 11 of 30 aniaala (with no 
aore than 3 of 6 in any group) muccaaafully rafrainad froa 
81 approach. To suaearize, tha davalopaant of rafrainaant 
was raliabla for all aniaals in aach group of 6 at a 
kaypack raquiraaant probability valua of 1.0 and at 82 
probability valuas graatar than or aqual to .379.

Diffarancas also aaargad in tha historical affacts of 
thasa 2 variables. All 14 birds which fallad to laarn 
rafrainaant at low 82 probabilities wara later trained 
successfully at an 82 probability of 1.0. However, only 3 
of tha 19 birds falling to refrain at tha 9 kaypack 
probabilities lass than 1.0 wara sucessfully trained to 
refrain even whan subsequently subjected to a kaypack 
probability of 1.0.

Tha present study is an attaapt to further extend tha 
systaaatic exaaination of tha necessity and sufficiency of 
two procedural coaponants. In studies thus far, approach 
during 81 has always been aat with hopper withdrawal. A 
co. dltion in which hoppor withdrawal would never occur is 
essentially a continuation of aagazine training and 
therefore one would not expect an aniaal to learn 
refraineent during 81. Always and never withdrawing the 
hopper following approach represent extreaes on a 
continuua which can bo represented probabilistically, 
i.e., tha probability (p) of 81 withdrawal given an
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approach. At highar p valuas, tha diserialnation between 
tha aating and not aating conditions is anhancad dua to 
tha differential consaquancas for approaching 81 vs. 82| 
at lonar valuas tha convarsa is trua. Therefore, a 
priaary concarn of tha currant experiaent is to dalinaata 
tha rola of p of 81 withdrawal in tha acquisition of 
rafrainaant. Whila a ralatlvaly high p valua aight ba 
nacassary to astablish rafrainaant, lassar valuas aight 
sarva to aaintain it. Following tha initial acquisition 
of rafrainaant, tha p valuas will ba dacraasad for soaa 
aniaals in an attaapt to abolish tha discriainatlon.1

1. A precondition for tha "abollshaant" of a 
diserialnation as usad by Skinner (1938) was tha 
astabllshaant of differential responding in tha presence 
of 2 cues paired with autually exclusive reinforceeent 
contingencies. By later reinforcing responses in tha 
presence of tha cue which had previously served as an 8- 
dalta (ona in which all responses had gone unreinforced), 
this differential responding disappeared and the 
diserialnation was said to ba "abolished”. Under certain 
conditions, tha currant procedure engenders rafrainaant 
only during 81 (i.e., in tha absence of the houselight), 
while hopper approach continues during 82 (i.e., in tha 
presence of tha houselight). Zt is therefore appropriate 
to refer to tha situation in which an organise which had 
previously daaonstratad rafrainaant in tha presence of 81 
but now approaches both 81 and 82 as ona in which a 
dlscrlalnation has been abolished.
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In addition to g, another critical aspect of tha 
procedure is the 81 duration. For the Magazine trained 
aniaal, approach is precluded by asking the 81 duration 
shorter than the ainiaal tiae necessary for hopper 
approach. At an infinitely long 81 value, approach is 
virtually ensured. However, the relationship between the 
81 duration and g in acquisition and Maintenance reaains 
to be explored. For exaaple, while exposure to a 
particular set of 81 and g values aight be sufficient to 
Maintain refralnaent for those aniaals already 
deaonstratlng it, it is not necessarily the case that 
these two values would result in acquisition. In 
addition, since the keypeck requlreaent in the Coll (1983) 
study was necessary for the acquisition but not the 
Maintenance of refralnaent, the possibility exists that 
siailar historical effects with regard to the current 
variables aight eaerge.
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Mathod

8ubjects
Thirty naive adult feeale Mhita Carneaux pigaona wara 

aaintained at 80% <+ - 28 graas) of thair free-feeding 
waights. Grit and watar wara constantly avallabia in tha 
hoaa cagas.

Apparatus
Two Lahigh Vailay pigaon chaabars (Modal 8132-82) 

wara aodified in ordar to datact aating attaapts. Tha 
hoppar aachanisa and housing wars rapositionad such that 
tha front of tha hoppar was approx1aataly 3/4 in. froa tha 
raar of the intelligence panel whan operated. A photocell 
attached to tha raar of the Intelligance panel at tha 
hopper aperture sensed tha pigeons* head entries thereby 
enabling tha hoppar to ba withdrawn before food was 
obtained. This reconfigurat1on of tha chaaber had 
previously been shown to allow tha reaoval of food before 
it could ba aaten whenever such an outcoaa was appropriate 
(Cola, Coll, and Schoanfald, 1982).

Three ailky-white translucent response keys and tha 
houselight were illualnatad under appropriate conditions 
as described below. Occasional extraneous noise was 
aaskad by a constantly operating ventilating fan. Solid 
state digital logic circuitry controlled the occurrence of 
experiaental events and data were recorded on totalizing
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and printing countars.

Procadura
I. Praliainary Training
A. Punchboard Training

A punchboard (Cuaalng, 1933) graatly raducad tha 
aaount of hand-shaping nacassary to train pigaons to 
kaypack. This punchboard consisted of flakeboard 1/2 in. 
thick, 8 1/2 in. wide, and 11 in. long. Nina 1 in. 
dlaaatar, 5/6 in. deep circular depressions ware drilled 
into tha flakeboard and ware configured in 3 rows of 3 
depressions each. A aatal sheet, 1/16 in. thick, 8 1/2 
in. wlda, and 11 inches long had 9 holes drilled into it 
such that each hole was of equal dlaeatar and fit 
precisely over each depression in the flakeboard.

The dally ration of food necessary to keep each 
anleal at its 88X weight was distributed in approxieately 
equal aeounts in all 9 depressions. A piece of onion skin 
typing paper was then placed over the entire flakeboard 
and the eetal sheet was screwed into the punchboard such 
that the holes in the eetal sheet fit over the depressions 
in the punchboard. For the first session or two, slight 
tears were eade in the typing paper to expose the grain 
underneath and the punchboard was placed in the hoee cage 
until the pigeon had obtained all the available grain by 
pecking at each of the depressions. Following that, the 
filled punchboard was slaply placed in the hoee cage with
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untorn papar until aniMli had rapidly (i.a. , within 
approxiaataly S ain) coaplatad tha food. If this rapid 
coaplation occurrad for 3 aaaaiona, pigaona wara placad on 
aagazina training.

B. Magazlna Training
Ona of tha 2 oparant chaabara waa raaarvad for uaa 

axclualvaly during aagazina and kaypack training. During 
aagazina training, tha houaalight waa conatantly 
i1luainatad and tha raaponaa kaya wara darkanad and 
covarad with black aaaklng tapa. Each aaaaion conaiatad 
of SO food praaantationa which wara datarainad by a Randoa 
Tiaa 40 aac <t«20 aacv q**.S> achadula. Tialng of food 
praaantatlon duration bagan froa tha point at diich an 
anlaal*a hoppar approach waa aignallad by a braak in tha 
photobaaa. For tha firat trial, thia duration waa 20 aac| 
on tha aacond trial ralnforcar duration waa 10 aac. Froa 
trial 03 onward, and during aubaaquant aaaalona, aach food 
duration waa 3 aac. Magazina training contlnuad until tha 
anlaal waa aatlng quickly following aach hoppar 
praaantatlon. In aoat caaaa, thia occurrad within a 
alngla aaaaloni howavar, for a llaitad nuabar of aniaala 
it waa nacaasary to continua aagazina training for anothar 
aaaaion or, at aoat, two.

C. Kaypack Training
For tha duration of kaypack training, all 3 kaya wara
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uncovered and lit and tha housalight was on. Each cantar 
kaypack rasultad in 3 aac ‘food prasantation, tiaad froa 
tha initial photobaaa braak. Tha auccaaa of punchboard 
training was indicated by tha fact that 24 of tha 30 
anieals were keypecking without any further training 
within 1 aaaaion. For tha raaaining 6 aniaala, shaping 
via tha aathod of auccasaiva approsiaationa (Keller and 
Bchoenfeld, 1930) waa accoapliahad in a aaxiaua of 3 
aaaaiona. Kaypack training waa coaplata once an aniaal 
had keypecked for three 30 trial aaaaiona.

XI. Refrainaent Training
A. Trial Sequence

Each refrainaent aaaaion waa initiated by the 
illuaination of tha three white keylighta which raaainad 
on continuously until tha coopletion of tha aaaaion. A 1 
aac period was then followed by SO trials, aach of which 
was separated by a 1 aac intertrial interval (XTI). Trial 
onset was aignallad by a hoppar presentation. In tha 
unlikely event that an anlaal *s head was in tha hopper 
aperture (thereby breaking the photobaaa) when a trial was 
scheduled to begin, trial onset was postponed until 1 sec 
following head withdrawal.

Figure 1 la an event diagraa of 3 consecutive trials 
coaprlsing a portion of a hypothetical aaaaion. Trial 
nuabera and descriptions are noted by the top 2 rows of 
the figure. Each of the 4 rows below represent, in top to
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Figure 1. Evant dlagru of 3 hypothetical session trials. 
Each ovant is notad to tha left of aach of tha 4 linesi 
vertical diaplaceaent of any line indicates the occurrence 
of that event. Trial II indicates a case in Mhich the 
anisal waited throughout 81 presentation, pecked the 
center key (indicated by the vertical arrow positioned on 
the food event line), and subsequently ate for 3 sec 
during 82. During Trials W2 and *3 81 approach occurred, 
although this approach was rewarded with food only during 
Trial 13. Inter-trial Intervals are noted by the thick 
black vertical lines.
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bottcMH order, food presentation, housellght lllualnation, 
tha photobaaa braak (indicating food approach), and tha 
aatlng rasponaa. Vartlcal dlsplacaaant of any horizontal 
lina Mithin a roa indicatas tha occurranca of that avant. 
XTI parioda ara danotad by tha thick black vartlcal lina 
batMaan triala. Although tha photobaaa braak ia dapictad 
aa aaparata froa aatlng, it ahould ba notad that aatlng 
onaat and taraination Mara raapactivaly infarrad aa 
occurring alightly aftar and bafora tha photobaaa aignal 
changad atata.

Trial *1 rapraaanta tha aaquanca of avanta occurring 
during any trial for Mhich tha anlaal Maltad during tha 
initial praaantatlon of tha food hoppar. Trial onaat Maa 
aignallad by a hoppar praaantatlon (81) for an initial 
duration of 1 aac. 81 duration on auch trials Mas alaays 
hald constant Mithln a aaaaion and variad batMaan 1 and 10 
aac basad on parforaanca critarla aat in prior aaaaiona. 
Dotalla ragarding changes in 81 duration ara presented 
baloM. Once tha Malting criterion had bean aat, tha 
hoppar Mas Mithdraan and tha houselight alaultanooualy 
illuainated. A cantor kaypack (indicated by the vertical 
arroM in tha food praaantatlon roa) Mas than required 
Mhich caused the hoppar to reappear iaaadlataly for a 
second tiaa (82) during Mhich aatlng Mas paralttad for 3 
aac, tiaad froa tha initial braak of tha photobaaa.
Cantor keypecka at other tlaas More recorded but had no 
affect on tha praaantatlon of stiaull. In tha event that
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an anlaal Mai tad for tha antlra 81 duration but attaaptad 
to oat instead erf kaypack following this period, tha 
housellght m ss iaaadiataly turned off and tha 82 
praaantatlon was cancelled (i.e., the subsequent ITI 
began).

Trials #2 and #3 both represent approaches to food 
during 81 presentation. In both cases, 82 did not occur, 
the housellght mss not turned on, and a keypeck was not 
required to teralnate the trial. The trials differ with 
respect to the state of a probability generator probed at 
the onset of each of the SO trials. The status of the 
probability generator detereined whether or not 81 
withdrawal was to occur given an approach on that trial.
If 81 withdrawal was scheduled (as shown in trial *2), the 
atteapt to eat was followed by the iseed!ate withdrawal of 
the hopper such that it was inposslble for the anleal to 
obtain any grain. The unavailability of food following 81 
approach during trial 2 is noted by the flat horizontal 
eating event line throughout trial 12 in the figure. Any 
reeaining 81 duration following approach was tinod out 
with food absent before proceeding to the next ITI. In 
the event that 81 withdrawal was not scheduled (as shown 
in trial #3), 3 sec of food access (tieed froe the initial 
photobaaa break) was allowed before hopper withdrawal. If 
the 3 sec food access exceeded the current 81 duration,
ITZ onset was postponed until the full 3 sec eating period 
transpired. If 81 tlae reaalned following the 3 sec
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••ting pariod, that raaaindar of 81 was t lMd to 
•xpiration following hoppar withdrawal bafora tha n m t  ITI 
bagan.

Thus, 3 sac food accass was possibla following 81 
offsat on any trial via rafrainaant for tha duration of 
tha 81 pariod. If tha probability of 81 withdrawal glvan 
an 81 approach (g) was sat to 1.0, tha sola way an anlaal 
could procura food was to display this rafrainaant during 
81, pack tha cantar kay in tha prasanca of tha housallght 
and than aat during 82 for 3 sac <i.a., aach trial 
rasaablad thosa prasantad as trials 01 or 02 dapanding 
upon tha occurranca of 81 approach). If B"0, (l.a., aach 
trial could rasaabla only thosa dapictad as aithar 01 or 
03) 3 sac food accass was possibla ragardlass of tha 
occurranca of an 81 approach. P tharafora axprassas tha 
llkallhood of trial 02 occurranca glvan an 81 approachi it 
follows that 1 - E axprassas tha llkallhood that a Typo 03 
trial (and tharafora 3 sac of aatlng during tha 81 instaad 
of tha 82 pariod) sight occur glvan an 81 approach. 
Tharafora, as long as b *0 * *h aniaal would ba aost llkaly 
to obtain tha 3 sac of food accass on any givan trial via 
rafrainaant during 81, slnca thara was at laast soaa 
possibility that a 02 typa trial was prograaaad to occur 
givan an 81 approach.

B. Group Structura and Parforaanca-Basad Crltaria
Tha aniaals wara randoaly dlvidad into 5 groups of 6
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aniaal a aach. In tha dascrlption to follow, aach group la 
idanti-fiad by tha initial p (Groupa p-.9, .8, .9t .99, and 
1.8). In addition, p could vary for individual aubjacta 
within a group. Changea in p occurrad on tha baaia of 
whathar or not criterion raapondlng had occurred during 1 
or aora preceding aaaaiona aa deacrlbed below. An aniaal 
waa conaidered to have reached criterion reaponae level if 
it waited during 81 (i.e., refrained froa approaching) on 
40 or aora of tha 90 triala (equal to or greater than 80X) 
within a aaaaion.

1) Initial Acqulaltlon
Figure 2 preeenta a aatr1m rapraaanting tha 2 

paraaatara in the atudy. Tha eoveaent of any aniaal or 
group of anlaala through tha eKperiaental conditlone can 
be deacrlbed by reference to tha coordlnatea of thia 
aatrlx. Inforaation regarding tha progreealon of groupe 
through the paraaatara ara denoted by broken 11nee. 
Beginning with 1 aac, aach of tha 10 coluana aoving froa 
left to right rapraaanta a 1 aac incraaant in 81 duration. 
Each row, in top to bottoa order, rapraaanta a decreaent 
in pi tha apecific p ia noted directly baalda each row.
Tha direction of eoveaent la indicated by tha arrowheada 
poeitloned on the aolid or broken line within tha aatrlx. 
Any discant1nuity in the line of one box or aora indicates 
a point oalttad for that group with tha arrowhead directly 
preceding such a braak indicating the location of the next
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Figure 2. Matrix representing the 81 end e pereeeters. 
Filled circles represent the starting points for anisals 
in each of the S groups (i.e.. Groups -8 « »9 » a9S*
and 1.8). The broken lines Mith arrowheads indicating the 
direction of eoveaent show the progression through the 
paraaeter coordinates during initial acquisition.
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point.
The starting points and possibls saqusncss of 

experiaental conditions for initial acquisition ars 
prsssntsd in Figuro 2. Tha fillad circlss roprsssnt tha 
starting points for aniaals in sach of ths S groups. Tha 
initial point for aach aniaal Mas at an 81 duration of 1 
sac and g aqual to tha starting valua for that group. The 
broken horizontal lines extending toMards longer 81 
durations illustrate that the 81 duration could be 
extended to IB sec Mhile g mss held constant at any value 
of .3 or above, excluding ga.6. An aniaal Mas required to 
reach criterion for 1 session at an 81 duration of 10 sec 
in order for this phase to be successfully terainated. 
OtherMlse, as the broken vertical lines Mlth the upeard 
arroMS indicate, g Mas Increased at an 81 duration of 1 
sec to the next higher g value indicated in the aatrlx.

Figure 3 is a scheaatlc of the criteria for the 
extension of the 81 duration and Increases in g during 
initial acquisition. FolloMlng the initial session, each 
anlaal*s prior perforaance dictated the appropriate 
running condition for the next session. The criteria for 
extension of the 81 duration Mere as folloMsi At a 
duration of 1 sec, 3 consecutive sessions of criterion 
responding (greater than or equal to 80%) Mere required in 
order for it to be extended to 2 sec| at durations betueen 
2 and 9 sec, 1 session of criterion responding Mas 
required for the next 1 sec increeent to occur. The
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Figure 3. Scheeatic of the criteria for 81 duration 
•xtonsion* and q lncrooonts during initial acquisition. 
Changos h ot s contingont on bshavlor during provious 
sessions.
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m x  1 nun 81 duration Mas 10 aac.
Each aniaal Mas allowtd a maxinua of 10 consacutiva 

sassions balow critarion at a glvan p bafora £ Mas 
incraasad. If 81 duration had raachad valuas graatar than 
1 sac and 9 consacutiva sassions balOM critarion had baan 
coaplatad, tha 81 duration Mas raturnad diractly (i.a. , 
Mithout axposura to any lntaraadiata valuas) to 1 sac for 
tha tanth sassion (otharMisa tha antira 10 sassion block 
Mas run at an 81 duration of 1 sac). P Mas subsaquant1y 
incraasad on tha folloMlng sassion Mith tha 81 duration 
hald at 1 sac| this incraasa Mas oada ragardlass of 
Mhathar critarion rasponding had occurrad on tha tanth 
sassion Mhan tha 81 duration had baan dacraasad to 1 sac. 
Onca £“1•0 m ss raachad, an anlaal Mas run continuously at 
that valua until an 81 duration of 10 sac Mas raachad. If 
9 consacutiva sassions balOM critarion had occurrad at 
£■1.0, 81 duration Mas raducad to 1 sac for tha tanth 
sassion, Mith tha critaria for its axtanslon raaaining as 
abova.

2) Abolishaant and Raacquisition
Aftar all aniaals in Broups £“.93 and £B1.0 had aat 

or axcaadod 80% 81 Maits at an 81 duration of 10 sac for a 
singla sassion, £ mss systaaatlcally raducad. Tha aatrlx 
in Flgura 4 shows tha prograssion of paraaatar coordlnatas 
for thasa aniaals. Tha flllad starting clrclas show that 
£ bogan at aithar £*.93 or £"1.0, dapanding upon tha
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Figura 4. Matrix raprasanting tha 81 and p paraaatara. 
Fillad circlaa dapict tha starting points for aniaals in 
Groups b*.9S and q>1.0. Th* brokan linas with arrowheads 
indicating tha diraction of aovaaant show group 
prograssions through tha paraaatar coordinatas during 
abolishaant and reacquisition.
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group. The broken vertical line with a downward arrow 
indicates that g was decreased while 81 duration reeained 
at 10 sec.

In the event that an anleal responded at or above the 
80% criterion for 3 consecutive sessions, g was decreased 
to the next point shown on the eatrix. Once an animal 
responded below criterion, it was given a maximum of 10 
sessions at the current g in order to recover. The broken 
line extends to g«.3 in the matrix indicating the lowest 
point attained by any animal.

Once a subject had reached that g at which 10 
consecutive sessions below criterion occurred, the value 
was increased through all the higher values shown in the 
matrix. This is indicated by the broken vertical line 
terminating in the upward arrow. An animal was given 10 
sesions at each increasing g in order to obtain criterion 
responding.

Responding below criterion for 10 consecutive 
sessions at g-1.0 and 81-10 sec resulted in 1 sec between 
session 81 decreases until criterion was met or a 1 sec 
duration was reached. This stage of the procedure is 
shown by the broken horizontal line with the leftward- 
pointing arrow at g—1.0 in Figure 4. If criterion was 
achieved at an 81 duration less than 10 sec, the 81 value 
was extended until 81-10 sec was recovered. In this 
phase, as in initial acquisition, 3 consecutive criterion 
sessions at the initial 81 value resulted in a 1 sec
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•xtenmion of thm duration followed by 1 criterion memmion 
at all other durations until 10 mec warn reached.
Extension of the 81 duration is indicated by the broken 
horizontal line with the rightward-pointing arrow at 
e«i.0.

3) Maintenance
Each of the 30 animals was required to respond at or 

exceeding criterion for 10 consecutive sessions with the 
81 duration at 10 sec in order for the experiment to be 
completed. The final day of either initial acquisition 
(Groups B"*9 * *0 t .9) or abolishment and reacquimition
(Groups b«.9S and 1) marked the first day of maintenance. 
Therefore, an additional 9 consecutive sessions of 
criterion responding were necessary in order for 
maintenance to be successfully completed.

In the event an animal responded below criterion for 
10 consecutive sessions at 81*10 sec, the 81 duration was 
reduced directly from 10 to 1 sec. From that point, 
changes in 81 duration occurred in precisely the same 
fashion as during initial acquisition with the exception 
that 10 consecutive sessions of criterion responding at 
81*10 sec were required in order to terminate the 
experiment.
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Results

Tha results ara dlvidad Into 2 aajor aactions. Tha 
first saction is a ganeral axposition of tha aajor trands 
ravaalad in all 3 phasas of tha axpariaant. Following 
this are aora detailed data presentations froa aach phase.

Table 1 presents an overview of the nuatoer of 
sessions required for each aniaal to coaplete the various 
experiaental conditions. Missing values in any coluan 
indicate aniaals which failed to participate under given 
conditions.

Figures 3-9 each present suaaary aatrices for the 6 
aniaals in Groups ea.5, .8f .9, .93 and 1.0 respectively 
and can be used to ascertain the particular progression of 
paraaeter coordinates for all aniaals. These aatrices are 
read in an identical fashion to those presented in the 
procedure) however, since these aatrices represent actual 
data froa Individual subjects, progressions through the 
coordinates are indicated by solid lines as opposed to the 
broken lines used previously. As in previous instances, 
rows represent variation in q and coluans represent, in 
seconds, the 81 durations. Arrowheads indicate the 
appropriate directions of eoveaent. Occasionally, filled 
boxes appear in the upper right corner of cells at q*1.0| 
these are geraane to the reacquisition or aaintenance 
phases of the experiaent and will be discussed 
individually.
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Table 1. The number of Mttioni during aach experimental 
condition for all 30 animals. Columns 1 and 2 rmfsr 
rmspmctivmly to ths Bird • and Group for mach animal. 
Columns 3V 4, and 5 rofar rsspactlvsly to ths numbor of 
ssssions nocsssary to complsta Initial Acquisition, 
Abolishmant and Reacquisition, and Maintenance. Column 6 
rsprossnts tha total numbar of sassions for aach aniaal. 
Tha b valuas anclosad in paranthasas in Column 9 indicata 
tha valua at Mhich Maintenance was completed. Missing 
valuas indicata failure to expose a particular animal to a 
phase and asterisks reflect termination of a condition 
prior to its successful completion (sea text for details).



Bird
132
134
161
162
164
163
16
17
18
20
22
23
IS
19
21
23
24
133
137
139
160
166
167
168
131
133
136
138
163
170

Group Inlt Acq Ab ti Rn c Main <p)
.30 87 — 9 (1.00)
.30 83 - 12 (1.00)
.30 96 - 9 (1.00)
.30 134 - 9 (1.00)
.30 183 - 188*(1.00)
.30 73 - 9 (1.00)
.80 34 - 26 (.90)
.80 35 - 136 (1.00)
.80 69 - 44 (.93)
.80 20 - 9 (.80)
.80 39 - 9 (.95)
.80 84 - 9 (1.00)
.90 19 - 9 (.90)
.90 38 - 30 (1.00)
90 39 - 9 (.93)
.90 21 - 9 (.90)
.90 74 - 13 (1.00)
.90 17 - 9 (.90)
.93 19 117 9 (1.00)
.93 22 81 9 (1.00)
.93 31 82 36 (1.00)
.93 23 103 9 (1.00)
.95 23 104 9 (1.00)
.93 23 133 9 (1.00)
1.00 24 76 13 (1.00)
1.00 23 81 9 (1.00)
1.00 22 91 9 (1.00)
1.00 23 103 9 (1.00)
1.00 28 107 9 (1.00)
1.00 21 302* —
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Figure 9. Matrices repreaenting the 81 and £ paraaatara. 
Fillad circlaa dapict tha atarting polnta for aach aniaal 
in Group £*.9. Tha aolid linaa Mith arroMhaada indicating 
tha direction of eoveaent ahOM tha prograaaion of aach 
aniaal through the paraeeter coordinatee for all 
experiMental conditiona. Tha £ value ancloaad in a box 
indicataa tha value at Mhich initial acquiaition Maa 
coaplatad. Tha fillad boxea in tha upper right corner of 
all calla at £*1.0 for B164 indicata that aora 
datarainationa of thoaa pointa than ara indicated by tha 
aolid linaa Mara aada (aaa text for dataila). An "X" in 
tha call at £*1.0, 81*10 indicataa aucceaaful coaplation 
of tha Maintenance condition. The open box in the call at 
£■1.0, 81*10 for B164 indicataa that Maintenance Maa not 
aucceaafully coaplatad for thia aniaal.
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Figure 6. Matrless representing tha 81 and e paraaatara. 
Fillad circlaa dapict tha starting points for aach aniaal 
in Group q*.8. Tha solid linas with arrowhaads 
indicating tha diraction of aovaaant show tha prograssion 
of each aniaal through tha paraaeter coordinates for all 
experlaental conditions. The g value enclosed in a box 
indicates tha value at which initial acquisition was 
coaplatad. Tha fillad boxes in tha upper right corner of 
Sac 1-8 at g»l.a for B17 indicate that aora deterainations 
of thosa points than ara indicated by tha solid linas ware 
aada (sea text for details). An "X" in any call at 81*10 
indicates successful coapletion of tha aalntenance 
condition.
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Figure 7. Matrices representing tha 81 and q  paraaatara. 
Fillad d r d M  daplct tha starting points for aach anlaal 
in Group g-.9. Tha solid linas with arrowheads indicating 
tha diraction of aovaaant show tha progression of aach 
aniaal through tha paraaeter coordinatas for all 
experiaantal conditions. Tha g valua enclosed in a box 
indicates tha valua at which initial acquisition was 
coaplatad. An "X* in any call at 81*10 indicates 
successful coapletion of tha aaintananca condition.

t
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Figure 8. Matrices representing the 81 and g paraeeters. 
Filled circles represent the starting points for each 
animal in Group q*.99. The solid lines with arrowheads 
indicating the direction of movement show the progression 
of each animal through the parameter coordinates for all 
experimental conditions. The g value enclosed in a box 
indicates the value at which initial acquisition was 
completed. The filled boxes in the upper right corner of 
Sec 1-8 at g"1.0 for B167 Indicate that more 
determinations of those points than are Indicated by the 
solid lines were made (see text for details). An "X" in 
any cell at 81>10 indicates successful completion of the 
maintenance condition.
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Figure 9. Matrices representing tha 81 and e para«atar».
FI H a d  clrclaa dapict tha starting points for aach animal 
in Group b>1.0. Tha solid linas with arrowhaads 
indicating tha diraction of movamant show tha prograssion 
of aach animal through tha paramatar coordinatas for all 
axparimental conditions. The q valua enclosed in a box 
indicates tha valua at which initial acquisition mas 
complotad. Tha filled boxes in tha upper right corner of 
Sac 1-7 at b*1.0 for B170 indicate that more 
determinations of those points than are indicated by tha 
solid linas ware made (saa text for details). An "X" in 
tha call at 2*1.0, 81-10 indicates successful completion 
of tha maintenance condition. The open box in tha call at 
2*1.0, 81*9 for B170 indicates that reacquisition was not 
successfully completed for this animal.
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I. Overview of Major Tranda
A. Initial Acquisition

Tha fillad circlas at 81*1 sac and Q*8roup Valuas In 
tha aatricas shown in Figuras 5-9 indicata tha starting 
points for aach animal. Tha g's anclosad in boKas to tha 
laft of tha aatricas indicata tha point at which initial 
acquisition (i.a.v 1 sassion at a minimum of 60X 
rafrainmant at 81*18 sac) was complatad.

Striking avidanca for tha reliability of the 
procedure in tha regulation of eating behavior is evinced 
by tha fact that all 38 animals completed initial 
acquisition. Tha horizontal lines of various extents 
between 1 and 18 sac Indicata that soma animals 
experienced 81 duration lncraments at q valuas lass than 
that at which initial acquisition was complatad.

Figure 18 shows tha total 81 eating time cumulated 
separately within aach group for all 38 animals at thair 
initial p*s with 81*1 sac. Total 81 eating time varied 
inversely with incraasas in p. It was hoped, that by 
requiring tha animals to respond at or above criterion for 
3 consecutive sessions at an 81 duration of 1 sac, aach 
animal other than those in Group p*1.8 would have tha 
opportunity to oat for a mimimum of 3 sac during tha 81 
period (i.e., aach animal would at soma point be 
reinforced for an 81 approach). This goal was achieved 
even in Broup q*.9S where tha 81 eating opportunities ware
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Figura 10. Cuaulatlva 81 sating tlaa aa a function of 
group. Each point rapraaants total aating t l M  for thosa 
aasaions at 81*1 sac cuaulatad across tha 6 aniaals in a 
givan group at thair original g valuas.

*
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tha Most liaitod ovor thi rangm itudiid. Th* minimum 
Mount of 81 aating tloo mob 3 soc for B168 in Broup b».95 
MhilB tha Mxiaua m u  747.S b o c  for B132 in Broup B".S.

Figura 11 prosonts tha nuabar of aniaals in aach 
group coaplating initial acquisition at thalr original g 
valuas. Banarally( thare m b s  a positiva ralatlonship 
batwaan incraasas in g and tha nuabar of aniaals finishing 
at tha initial valua. Only 1 out of tha 12 aniaals at 
g«.S and .8 coaplatad initial acquisition at thair 
original g valuasi at valuas of g«.9 or abova, IS of tha 
18 aniaals finishad at thalr raspactlva valuas.

Figura 12 displays aaan, aodian, and individual 81 
aating tiaas for thosa aniaals raprasantad in Figura 11.
It is difficult to spot a claar trand in thasa data Mhich 
suggasts that g oxorts its affacts in taras of tha' nuabar 
of aniaals finishing initial acquisition at thair original 
valuas and not in batuaan-subJ ac t a diffarancas for thosa 
aniaals coaplating initial acquisition at diffarant 
initial valuas. Tha zaro valuas for Broup g«l.B ara 
forcad in that this group did not racaiva an opportunity 
to mat during 81, houavar tha graatast aaan aating tiaa 
for tha 3 groups offarad 81 apportunltias to oat occurrod 
In Broup g-.9S (99.6 sac), Mhich had tha laast avallabla 
81 aating apportunltias.

Thorofora, tha ralativaly larga batMaan-group changa 
in g batuaan Broup g«.S (0 aniaals coaplating initial 
acquisition at that valua) and Broup g«.B <1 aniaal
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Figura 11. Tha nuabar of aniaals coaplating initial 
acquisition at thalr original g valuas as a function of 
group.



/

NUMBER OF ANIMALS

—  K) 04 Ul O'

O
JOOcTJ

o
in

o
oo

o
vOcn



49

Figure 12. Mean (filled circles), eedian (filled 
squares), and individual subject's (open squares) 81 
eating tlee during initial acquisition for the IS aniaals 
coaplating initial acquisition at their original q values.
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coaplating at tha original valua) had only a ainiaal 
bahavioral of-fact. At aithar of thaaa valuas tha 
procadura aay ba dascribad as baing unraliabla in that it 
cannot, with any assuradnass, ba statad that a glvan 
aniaal exposed to aithar of thasa g's would bo likoly to 
coaplote initial acquisition. 8aallor changas batwoan 
Broups g-,93 and b>1.0 also had saall affacts sinca all 
aniaals in both groups coaplatad this phasa at thalr 
raspoctiva Initial valuas. At aithar of thasa valuas tha 
procadura aay ba dascribad as aaxiaally raliabla. Yat, 
bahavior was extreaely sansitivo to changas in g 
throughout a rango tanding towards tha highor and of tha 
continuua (i.a., batwaan g-.8 and g«.9S). Thasa data 
tharafora suggast that, at loast within tha ranga of tha 
currant 81 durations, thora would ba no raason to explore 
any naw g valuas othsr than to dallnaata tha function 
prasontad in Figura 10 aora pracisaly.

B. Abolishaant and Roacqulsition
Tha vortical linas through tha 10 sac coluan in tha 

aatricas in Figures 8 and 9 Indicata tha within subject g 
aanlpulations conducted far the 12 aniaals in Broups g".9S 
and 1 following coopletlon of initial acquisition. 
Initially, tha stability of rafralnaont during 81 was 
assessed. This was accooplishod by decreasing g, thereby 
increasing tha likelihood that an attaapt to oat during 81 
would ba successful (i.e., increasing tha likelihood of
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tha hypothetical Typa #3 trial described in tha 
procadura).

Tha -fact that refraineent during 81 did not parsevere 
indefinitely under auch conditions ia evidenced by tha 
eventual failure of all 12 anleala to achieve criterion 
reaponding for 3 conaecutive aeaaiona. Aa can be eeen 
froe the eatrlces, the actual valuee at Mhich the 
deterioration occurred varied betuaan subjects. At the 
upper extreee Mas B160, Mhich experienced decreases to 
g-.9 prior to the consistent occurrence of sub-criterion 
responding. At the other extreee Mas B166 and B168, Mhich 
both surpassed criterion until g>.3 had been reached.

Once responding had dropped beloM the BOX criterion, 
lncraeents in q occurred in an effort to retrain 
refraineent. The eatrices shoe that these increeents 
exposed subjects to the identical points at Mhich 
criterion responding had previously been achieved.
Despite IB sessions of exposure to each of these ease 
coordinates, criterion responding did not occur again for 
any an1sal until g«1.0 had been reached. This presents 
striking evidence for the persistence of a pattern of 
unrestrained 81 approach once such approach had been 
produced.

Horizontal lines indicating a decrement in 81 
duration at q<b1.B represent the difficulty in retraining 
refraineent even at this value. Ten of the 12 anieals 
(excepting B1S9 and B166) experienced decreeents in 81
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duration until 81 had reached tha ainiaua valua of 1 sac 
in ordar to facilitate reacquisition. Following aultipla 
unauccaasful attaapts to coaplata reacquisition, a 
decision was aada to terainata tha experiaent for B178. 
(Tha filled boxes in Figura 9 indicata that aore 
variations in 81 duration occurred than are depicted by 
tha horizontal lines. Tha open box, which in the presant 
case appears in tha 9 sac call, indicates tha longest 81 
duration an aniaal was exposed to in a particular portion 
of tha experiaent).

Thus, it was possible to abolish tha pattern of 81 
refrainaenti once this had occurred criterion responding 
was not easily restored. This was evidenced by all 
subjects deaonstrating sub-criterion behavior during 
exposure to coordinates at which criterion responding had 
previously occurred until gal.B had been attained. The 
aost extreae exaaple of this phsnoaenon was B178, a 
subject for which extended training failed to reach the 
reacquisition criterion. (Data for this subject were 
therefore not obtained during aaintenance).

C. Maintenance
Each aniaal was required to respond at criterion for 

IB consecutive sessions at an 81 duration of IB sec in 
order for aaintenance to be coapletad. Since the end of 
initial acquisition (Broups ea.S, .8, and .9) or 
reacquisition (Broups e«.93 and gal.B) siaultaneously
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■arkad the beginning of Mintmanct, an additional 9 
sessions Mare noceaaary in order for thie requirenent to 
be satisfied.

The "X" in each matrix in Figures 3-9 denotes 
successful coepletion of the aaintenance phase. Coluen 3 
of Table 1 shoMS that 28 of the 29 reeaining aniaals 
(excluding B164) coapleted aaintenance successfully at 
values betMoen Q".8 and b«1.B. For 20 of these 29 
aniaals, the aaintenance requlrsaent Mas reached in the 
ainlaua 9 additional sessions.

II. Individual Subjects* Data froa Selected Session Blocks 
A. Initial Acquisition
1) Behavior at Initial b

Each panel in Figures 13-13 represents an individual 
subject's data for those aniaals coaplating initial 
acquisition at their original values. Functions present 
percent refraineent during 81 at durations betMean 1 and 
IB sec for individual sessions. Beginning Mith a 1 sec 
duration for session 1, 1 sac increasnts in 81 durations 
are shoMn by discontinuities betMean the functions. Since 
each aniaal attained one session of criterion responding 
at 81«1B, there are IB functions displayed in each bird's 
panel. The various b ‘s indicated to the right on each 
figure.

Distinctions betMean aniaals coaplating initial 
acquisition at different B '* ar* not obvious froa these
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Figure 13. Percent 81 refraineent for each session during 
initial acquisition for the 1 anieal in Broup g™. 90 (upper 
panel) and the 3 in Broup ga.98 (loner panels) coepleting 
initial acquisition at their original e values.
Proceeding f roe left to right in a panel, discontinuities 
between each of the IB functions indicate a 1 sec 
incrseent in 81 duration.

/
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Figura 14. Parcant 81 rafralnaant for aach sasslon during 
initial acquisition for all 6 aniaals in Qroup q>.93. 
Procaadlng froa laft to right in a panalv discontlnuitias 
b a t w an aach of tha IB functions indicata a 1 sac 
lncraaant in 81 duration.
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Figura IS. Parcant 81 rafrainaant -for aach aaaslon during 
initial acquialtion for all 6 aniaals in Group Bai-0* 
Procaading froa laft to right in a panal, diacontinuitias 
batwaan aach of tha 18 functions indicata a 1 sac 
incraaant in 81 duration.

i
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data. Tabla 2 praaants tha nuabar of aaaaiona raqulrad 
for thasa aniaals to attain crltarlon reapanding at all 81 
durationa up to S aac, durationa between 6 and IB aac, tha 
di-ffaranca batwaan thaaa 2 valuaa, and tha total nuabar of 
aaaaiona nacaaaary to coaplata initial acquiaition. 
Between-group coapariaona of tha total nuabar of aaaaiona 
until coaplation of Initial acquaition did not ravaal any 
obvioua tranda. Tha aaana for thoaa aniaala coaplating 
initial acquleitlon at thair original valuaa for Qroupa 
B».8v .9, .95, and 1.0 wore, raapactivalyv 28, 19, 24.2, 
and 20.2, aaaaiona.

Although datailad profilaa of individual aniaala 
varlad froa anlaal to aniaal, aoaa coaaonalitlaa wore 
noticaabla. With ona axcaption (BIS, Broup b«.9), it took 
longer than tha ainlaua 3 aaaaiona to roach criterion 
reapanding at
81*1 aec. After criterion reapanding waa achieved at 1 
aac, lncreaanta in 81 durationa frequently reaulted in a 
taaporary incraaae in tha nuabar of 81 approachoa. Thia 
diaruptlon generally appeared to occur aore conaiatantly 
and for aora prolonged periode at charter 81 durationa. 
Thia tendency for 81 duration lncroaonto to cauoe a aora 
profound diaruptlon at ohortar valuaa ie proaantod in tha 
difference coluan of Table 2, which ohowa that IS of tha 
16 aniaala took longer to reach criterion reapanding at S 
aac than at 10 aac. It ahould be not ad that, alnca tha 
requlalte perforeance for an anlaal waa 3 aaaaiona of
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Tabla 2. Tha nuabar of aaaaiona raqulrad to prograaa froa 
an 81 duration of 1 aac to S aac (Coluan 3) , froa a 
duration of 6 aac to IB aac (Coluan 4) f and tha total 
nuabar of aaaaiona (Coluan 3) for tha 16 aniaala 
coaplatlng initial acqulaition at tha original q . Bird 
nuabara and Qroupa ara ah own in Coluana 1 and 2 
raapactlvaly. Tha dlffaranca batuaan tha nuabar of 
aaaaiona raqulrad to coaplata thoaa two halvaa (i.a.t tha 
nuabar of aaaaiona to prograaa froa 8ac 1 to Sac 3 ainua 
tha nuabar of aaaaiona to prograaa froa Sac 6 to Sac IB) 
ia praaantad in Coluan 7. Ralavant aaana ara ahown at tha 
bottoa of aach coluan.

f
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Bird • Group Sac 1-5 Sac 6-10 Total Diff
20 .80 IS 5 20 10
15 .90 12 7 19 5
23 .90 16 5 21 11
153 .90 11 6 17 5
157 .95 14 5 19 9
159 .95 17 5 22 12
160 .95 15 16 31 -1
166 .95 18 5 23 13
167 .95 16 9 25 7
168 .95 17 8 25 9
151 1.00 19 5 24 14
155 1.00 18 5 23 13
156 1.00 16 6 22 10
158 1.00 18 5 23 13
163 1.00 23 5 28 18

_ize__ ___ l t98__ _____ 14_____ _____ 7_______ ____21_____ __7_

Moan 16.2 6.5 22.7 9.
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criterion responding at a duration of 1 sac and 1 session 
at all durations greater than 1, an anleal perforcing 
optleally (i.e., reaching or exceeding criterion each 
session) Mould require 2 eore sessions to reach S sec than 
to reach 10 sec. Houever, subtracting 2 sessions froa 
each value in the difference coluan still indicates that 
all anleals except B160 progressed sore quickly through 
the longer half of the durations. Statistical coeparison 
of the corrected session values for Seconds 1-3 (i.e., N—
2) Mith the values for Seconds 6-10 indicates that these 
differences Mere reliable Ct (1S)>b6.86, g<.01, tMO-tailedl.

Figures 16-18 represent individual subjects' data at 
their respective initial g's for the 14 subjects failing 
to coaplete initial acquisition at the original value. As 
in Figures 13-1S, each point presents percent refraineent 
during 81 for a session and discontinuities betneon 
functions represent changes in 81 durations. The open 
boxes contained in 3 of the panels indicate the return to 
an 81 duration of 1 sec Mhich preceded an increeent in g.

The eost coeenn occurrence (9 of the 14 anieals) for 
those anieals failing to coeplete initial acquisition at 
their original values mss that an 81 duration of 1 sec mss 
not exceeded. Only B18 (Qroup g«.8) eet criterion at a 
value greater than 3 sec. An anleal responding belou 
criterion Mould typically exhibit extreeely Io m  levels of 
refraineent during 81 eany tiees at or near zero percent. 
Occasionally, this Io m  level Mould be preceded by a brief
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Figura 16. Parcant 81 rofralnaont for aach saaalon at 
g«.3 during initial acquisition for all 6 aniaals in Group 
q-.5. Procaadlng froa loft to right in a panolf 
dlscontinultlas batwaan aach function lndlcata a 1 sac 
incroaant in 81 duration. Open aquaraa roprasant a raturn 
to an 81 duration of 1 aac ahich pracadod an Incroaant in 
E-
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Figure 17. Porcant 81 refraineent for aach aasaion at 
B>.8 during initial acquisition for tha S aniaala in Group 
B-.0 Hhlch fallad to coaplata initial acquisition at that 
valua. Procaading froa laft to right in a panel, 
discantlnuitlas between aach function lndlcata a 1 sac 
lncraaant in 81 duration. Opan squaras raprasant a return 
to an 81 duration of 1 sac which preceded an lncraaant ine-
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Figure 18. Percent 81 refraineent for each eeeeion at 
B>.9 during initial acquisition for the 3 anieals in Broup 
B>.9 which failed to coeplete initial acquisition at that 
value. Proceeding froe left to right in a panel, 
discontinuities between each function indicate a 1 sec 
increeent in 81 duration. Open squares represent a return 
to an 81 duration of 1 sec which preceded an increeent in 
E-
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period of near criterion responding (e.g., B19v Broup 
p«.9) ho*ever, once criterion m«b not net, refraineent 
would eventually arrive and renain at a low level. Even 
for those 2 anieals deeonstrating the highest sub- 
criterion response level <B17, Broup QB.8| B164, Broup 
B".S) this percentage was still well below criterion.

2) Increments in q
Table 3 presents initial acquisition data from these 

14 animals. The forest is similar to Table 2 with column 
3 added to present the q value from which the data in 
columns 4 and S are chosen. Nine of the 14 animals 
reached q^I.B before initial acquisition was completed. 
Four of the remaining S animals were in Broup q".B with 2 
(B16 and B17) completing initial acquisition at (»■.9 and 
the other 2 (B18 and B22) at (>>.9S. The remaining animal, 
B21 (Broup .9) completed initial acquisition at b*.9S. 
Thus, initial acquisition took place only when q reached 
1.0 for all 6 animals in Broup g«.S.

The finding from the previous section that it 
typically required more sessions to attain criterion 
responding at an 81 duration of 3 sec than at 10 sec was 
replicated. Subtracting 2 from each value in the 
difference column (in order to compensate for the 3 
session requirement at an 81 duration of 1 sec) reveals 
that 3 of the 14 animals (BIB, B23, and B162) did not 
adhere to this pattern. Statistical analysis which again
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Tabli 3. Tha nuabar of aaaaiona raqulrad to prograaa froa 
an 81 duration of 1 aac to S aac (Coluan 4) v froa a 
duration of 6 aac to 18 aac (Coluan 5), and tha total 
nuabar of aaaaiona (Coluan 6) at tha final g valua during 
initial acquialtion for tha 14 aniaala falling to coaplata 
initial acquialtion at tha original g. Bird nuabara and 
groupa ara shown in Coluana 1 and 2 raspactivaly. Tha g 
valuaa froa which tha sasslon valuaa ara darlvad ara 
raprasantad in Coluan 3. Tha diffaranca batwaan tha 
nuabar of aaaaiona raqulrad to coaplata thaaa two halvas 
(i.a., tha nuabar of aaaaiona to prograaa froa Sac 1 to 
8ac 3 ainua tha nuabar of aaaaiona to prograaa froa 8ac 6 
to Sac 18) la prasantad in Coluan 7. Ralevant aaina are 
shown at tha bottoa of aach coluan.
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Bird • Group e Sac 1-3 Sac 6-18 Total Di-ff
132 .38 1.88 32 5 37 27
134 .38 1.88 21 3 26 16
161 .38 1.88 34 3 39 29
162 .38 1.88 8 7 IS 1164 .38 1.88 18 5 IS 3
163 .38 1.88 18 3 23 13
16 .88 .98 18 6 24 1217 .88 .98 13 18 23 5
18 .88 .93 9 14 23 -322 .88 .95 13 6 19 7
23 .88 1.88 12 17 29 -319 .98 1.88 13 3 18 821 .98 .93 13 6 21 9
24 _.*.28 A M ___ 14______ 7 21____ 7

naan 16.6 7.4 23.9 9.2
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included the corrected values for the nueber of sessions 
to progress froe 1-3 sec indicated this difference mss 
also reliable Ct(13)*2.71, (><.02, two-tailedl. Although 
the individual percent refraineent data are not shown in 
this case, lncreeents in 81 durations again caused 
disruptions in the percentage of refraineent during 81 
which were eore profound at shorter than at longer 81 
durations.

Figures S through 9 show that 8 of the 14 anieals 
responded at or above criterion at p's less than those at 
which initial acquisition was coapleted. Of these 8 
anieals, 3 (B154, B161, and B162) were froe Broup p".5, 3 
were froe Broup p«.8 (B17, B18, and B2S) , and the 
reeaining 2 were froe Broup p«.9 (B21 and B24). As p 
Increased, individual profiles varied. Boee anieals 
(e.g., B24, B2S, B162) achieved criterion responding at a 
variety of p values less than that at which initial 
acquisition occurred. The progress deeonstrated by B162 
at increased p values was so extensive that a decision was 
eade to expose the anieal twice consecutively to p*.8 in 
order to detereine whether initial acquisition eight occur 
at that value. As seen on the eatrlx, this second atteept 
resulted in exposure up to an 81 duration of 4 sec. Other 
anieals (e.g., B21 and B161) deeonstrated euch less 
criterion responding at these lesser p values.

Broups p*.3, .8, and .9 were also represented by 
those 6 anieals failing to experience 81 duration
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increments at valuaa leas than that at Mhich initial 
acquisition was completed. Three animals (B152, 164, and
169) mere from Group Q-.5, 2 (B16 and B22) from Group
B".G, and 1 (B19) from Group q b .9.

Borne of the 9 animals reaching e-1.0 required
extensive training at Bl"l once g«1.0 had been reached in
order for increases in 81 duration to occur. Table 4 
reveals that any animal requiring more than 10 sessions at 
this point in order to increment the 81 duration was from 
Group q b .S, Mhich had bmen exposed to the greatest amount 
of 81 eating time. The one animal (B162) achieving 
criterion responding in the minimum 3 sessions had 
previously demonstrated the most extensive history of 
criterion responding at q values less than 1.0.

The animal experiencing the most difficulty in 
attaining criterion response level at the shortest 81 
duration Mas B164, Mhich required S3 sessions before 
attaining the 3 criterion sessions at the first point 
required for extension of the 81 duration. This first 
point had by then been reduced to .3 sec. Because of the 
difficulty this animal experienced during initial 
acquisition, 2 remedial procedures Mere attempted. The 
first one involved decreasing the shortest 81 durations at 
various points to .S, .7, .8, and .9 sec. There Mere 3 
such attempts made prior to the successful completion of 
initial acquisition. Each attempt occurrmd directly after 
the preceding one had failed to produce performance
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Table 4. Col L i m n s  1 and 2 repreaent raapactlvaly tha Bird # 
and Group for tha 9 aniaala requiring q incraaanta until 

had baan attained. Tha nuabar of aaaaiona required 
to reach criterion reepondlng at 81al aact g"l.B ia ah own 
in Coluan 3.



Bird • Broup • 8 m  To
1S2 ■ 90 22
154 .90 19
161 .90 29
162 .90 3
164 .90 93
169 .90 12
29 .80 3
19 .90 8
24 .90 6
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onabling the 81 duration to bo extended boyond 2 sac. Tha 
first ona involvad dacrossing tha Initial paint to 81*.9 
sac. Tha aniaal quickly achiavad criterion rasponsa laval 
for 3 cansacutiva sassions at this point. Tha second 
attaapt raqulrad tha aniaal to respond at criterion laval 
far 3 sassions at 61".S sac and 1 session at 81*.8 sac.
Tha third attaapt required criterion responding for 3 
consecutive sassions at 81 durations of .9, .7, .9, and 1 
sac.

Tha second raaadlal procadura far B164 occurred twice 
following tha coaplatlon of tha above procadura and 
involvad tha institution of a aanual training procadura.
It was notad that this aniaal typically dsaonstratad a 
high key pack rasponsa rata during 81 periods as coaparod 
to tha other subjects in tha study. An attaapt was aada 
to altar this pattern by requiring tha anlaal to aova away 
froa tha Intelllganca panel prior to trial onset. Tha 
aanual procadura was successful in this ragardf B164 
packed tha key at 1owar rates during 81 for tha raaalndar 
of tha axparleant. Tha first attaapt lasted only until 
tha 3 criterion sassions at 81*1 sac had bean achiavad 
(i.e., after this point tha autoaatad procedure was 
reinstated)! this resulted in tha anlaal reaching 
criterion only at 81>1 sac. Tha second attaapt lasted 
until criterion responding at 81*3 sac had bean achiavad. 
This tlaa tha aniaal coaplatad initial acquisition (i.e.t 
responded at criterion at 81*10 sac).
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B. Abolishaant and Raacquisitlon
Tab la S raprasants tha nuabar of tlaas aach of tha 12 

aniaala ata during 81 in tha abolishaant procadura for 
Groups b>.9S and p*l.B. Data ara cuaulatad for all 
Baaaiona baginning with tha ona iwaadiataly following tha 
coaplation of initial acquisition (i.a., tha first saaslon 
of 80X rafrainaant during 81 at 81*18 aac) and andlng with 
tha aasalon prior to tha ona which aarkad tha first of 18 
consacutiva sasalona of sub-critarion raaponding 
indicating tha taraination of tha abolishaant phaaa. Tha 
nuabar of tiaas a aubjact ata during 81 rangad batwaan 8 
and 12| batwaan-groupa dlffarancas wara not raliabla 
Ct(10)*1.32, q >.BS, two-tallad3.

Flguras 19 and 28 prasant raprasantativa blocks of 
sassions for aach of tha anlaals in Groups q*.9S and q*1.0 
raspactlvaly. Thasa blocks dapict parcant rafrainaant 
during 81 far sassions bafora, during, and aftar tha first 
3 consacutiva sub-critarion sassions. Tha opan squaras 
raprasant tha first 3 consacutiva sub-critarion sassions. 
Tha solid vartical llnas indicata changas in q .

Daspita tha fact that aniaals variad in tha actual 
valuaa at which tha rafrainaant parcantaga during 81 
dialnishad, tha pattarn of bahavior was strikingly 
slailar. Pmrcmnt rafrainaant typically bagan at lavals 
such highar than 80%, but onca rafrainaant bagan to 
decraasa, it quickly fall abruptly to naar zaro parcant
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Tabli S. Tha total nuabar of 81 aats coablnad across 
sassions during abolishaant for Groups .99 (laft slda) and 
1 (right sida) until tha first of IB consacutiva sub- 
critarion sassions indicating tha occurranca of 
abolishaant. Bird nuabars ara indlcatad in Coluans 1 and 
3 and tha total nuabar of 81 aats in Coluans 2 and 4.



81

Group .99 Group 1
Bird • • 81 Eats Bird • • 81
197 7 191 4
199 7 199 IB
16G e 196 1
166 4 198 3
167 12 163 2

-IfeS_____ 9 170 _______ 2

Moan 6.9 3.7
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Figure 19. Percent 81 refraineent for selected blocks of 
sessions during the abolishaent of refraineent for Broup 
B".9S. The 3 open squares represent the first 3 
consecutive sub-criterion sessions. £ values are 
indicated at the top of each panel. Vertical lines 
indicate the sessions included for a particular b value.
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Figure 20. Parcant 81 rafrainaant for aalactad blocks of 
sassions during tha abolishaant of rafrainaant for Group 
p>1.0. Tha 3 opan squaras raprasant tha first 3 
consacutiva sub-critarion sassions. P valuas are 
indicated at the top of each panel. Vertical lines 
indicate tha sassions included for a particular g value.
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levels. Only 2 lubjacti (BISS «t e«.7 and B167 at g«.9) 
responded below critarion and subsaquantly raturnad to 
critarlon. This raturn lastad only 1 aassion for B1SSV 
while for B167 (for whoa deterioration had occurred at the 
highest value) aoveaent to the next lower g value was 
possible.

Exaalnation of the 81 refralnaent data for the last 
few sessions reveals that all 12 aniaals ended at or near 
zero levels. This was consistent with the pattern of 
responding observed during the initial acquisition phase. 
There it was noted that aniaals responding below criterion 
also responded at extreaely low levels, aany tiaes at or 
near zero <cf.t Figures 16-18). The pattern of near zero 
refralnaent percentage which eaerged during the decrsaent 
phase was preserved until reacqulsitlon at g*1.0.

C. Maintenance
The g value at which the aalntenance portion of the 

experiaent was conducted depended upon the value at which 
initial acquisition or reacquisition occurred. This aeant 
that, of the 29 aniaals participating in aalntenance, 21 
were exposed at g*l, 3 at e*.93, 4 at g".9, and 1 at ga.8.

The nuaber of sessions required until the coapletion 
of aalntenance was not clearly related to the g at which 
aalntenance occurred. Two of the 8 aniaals (23X) at g 
values less than 1 (B16 and B23) required aore than the 
alniaua 9 sessions to satisfy the aalntenance requireaent.
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Bavan of tha 21 anlMli <33X> at q-1 (B17, B19, B24, B151, 
BlS4t B160 and B164) alao raquirad groatar than tho 
alniaua nuabar of aaaaiona In ordar for aaintananca to ba 
auccaaafully coaplatad.
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Discussion

The current ‘findings both confira and oktand thoso of 
Coll (1983). In both caiM, aniaals were initially 
exposed to an 81 duration of 1 sac with 1 sac ax tans ions 
occurring for aaating a criterion of 88X refralnaent froa 
eating during previous sessions. Group g«l.B in the 
current experieent is a replication of the conditions for 
the baseline group in the Coll study. The fact that the 
12 aniaals originally at g"l.B in both studies coapleted 
initial acquisition is evidence for the reliability of the 
procedure in producing acquisition of refralnaent. In 
addition, the failure in the currant study to find any 
systeaatic difference between Groups g«.93 and gB1.0 
indicates that a g value of J.B is a sufficient but not 
necessary condition for the acquisition of refralnaent. 
Since all aniaals in Group .99 ate during 81, this is not 
siaply an artifact of presenting a g value functionally 
equivalent to 1.8. However, these 2 values are the only 
ones at which the procedure will result in reliable 
acquisition of refralnaent since the aaxiaua likelihood of 
an aniaal developing refralnaent at any values lower than 
g«.9S is 58X (i.e., 3 of 6 aniaals in Group g«.9).

Although the procedure can be an effective aeans of 
producing refralnaent during 81, this pattern will 
inevitably deteriorate with subsequent decreases in g.
The specific values at which the discriaination was
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abolished dlffered unng anluli. However, the pattern of 
behavior that ear Iced deterioration of refraineent across 
aniaals was reearkably sieilar. Pigeons deeonstratinq 
reliable refraineent at the beginning of the abolisheent 
phase usually began well above the 80% 81 refraineent 
criterion. This pattern was typically eaintained until 
the q value at which abolisheent occured was attained. At 
that point 81 refraineent approached a near zero value 
within a few sessions.

This type of abrupt transition froe extreely high 
levels of refraineent in the presence of food to low or 
near zero levels has been docueented in the self- 
reinforceeent paradiga using fewer aniaals (Mahoney and 
Bandura, 1972| Bandura and Mahoney, 1974). For exaaple, 
Mahoney and Bandura (1972) atteepted to disrupt a pattern 
of keypecking in the presence of food for 2 pigeons. The 
essential coeponent of the solf-relnforceeent procedure 
involved training aniaals to peck in the presence of food 
by withdrawing the hopper in the event an atteept to eat 
was not preceded by at least 1 keypeck. Once this pattern 
of keypecking in the presence of food prior to eating had 
been attained, the hopper withdrawal contingency was 
reeoved and the resultant behavioral stability assessed.
In addition, disruption was further facilitated for 1 
animal via response prevention (i.e., either partially or 
completely covering the response key) and transgressive 
modeling (i.e., a magazine trained pigeon was placed into
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the m m  chMbar and at* copiously -froa tha ralsad hopper 
without first packing). For still anothar aniaal, tha 
kaypack raquiraaant was incraasad until loading prior to 
pocking occurrad. Instaad of coaplotaly aliainoting tha 
hoppor withdrawal contingoncy as in tha abova exaaples, 
Bandura and Mahoney (1974) gradually raducod tha 
probability that oating without first packing would rosult 
in hoppar withdrawal for 2 pigaons. Tha rasult in all 
thoso casas was tha saaaj tha pattarn of packing in tha 
prasonca of food prior to oating was alioinatad. Tha 
aannar in which this occurrad was roaarkably siailar in 
all casas to tha pattarn of abolishaont in tha currant 
studyi tha typical aniaal ovincod a suddan docroasa in 
rafrainaant which would, within a faw Bosnians, sottlo at 
a noar zoro lovol.

This tondoncy to approach 81 on virtually ovary trial 
was not aasily ovarcooo. In spita of oMtanslvo exposure to 
a variaty of 81 and g coabinations at which critorion 
rasponding had praviously occurrad, no aniaal roacquirad 
salf-control until g-1.0 had boon raachad. In fact for all 
but 2 aniaals it was nacassary to docroasa tha 81 duration 
to 1 sac for raacquisition to occur.

This profound influonca of historical offsets upon 
prasant bahavlor in tha currant paradiga has baan 
praviously docuaantad. Coll (1983) daaonstratad that tha 
role of tha kaypack raquiraaant following 81 rafrainaant 
was largely dependant upon prior history. Tha kaypack
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rtqulrt— nt could bo coop lot oly oliolnotod for an anloal 
dooonotratinq roliablo (l.o.t abovo criterion) 81 
refralnaent without any concooitant loos of refralnaent. 
Howovor, aboonco of the koypock requireoont for an aniaal 
which had only boon aagazino trained previously was likely 
to have long lasting dolotorlous effoctsi not o»ily was tho 
acquisition of rofrainaent unlikoly in tho absence of the 
keypeck requireoont, but, when the keypeck requireoont was 
later inserted, acquisition reoained unlikely. In the 
current study, these historical effects not only played the 
role described above during reacquisition, but were also 
clearly seen during initial acquisition with regard to 
between-group cooparisons at increased e's. Contrary to 
the findings for Broups b».8 and b b >9 i anioals in Group 
q b .S which did not finish Initial acquisition at their 
original e's failed to coaplete Initial acquisition until q 
had reached 1.0. Anioals in this group had a oore 
extensive history of sub-criterion responding than those in 
either Group q".8 or q".9. In addition, any anloal which 
necessitated oore than 10 days to achieve criterion at 
81*1, qM . 0 was also froe Group g>.S.

The role of experioental history with regard to the 
aalntenance portion of the experioent was not obvious 
however| while it is suggestive that the 2 anioals 
receiving the longest exposure to the aalntenance condition 
were froa the 2 lowest q 's  explored, 7 of the 12 anioals in 
those 2 groups coopleted Initial acquisition in the olnieue



92

nuaber of days. In addition, only 2 of 11 anioals in 
Groups b *.93 and q»1.0 rsquirsd aoro than 10 days to 
coaplata aalntanancs in spits of ths fact that thass 
aniaals had at that point coaplatad tho abolishaont and 
raacquisition phasa during which fraquant 81 aating had 
occurrad.

Mora ganarally, tha iaportanca of tha currant paradlga 
in providing a fraaauork for datoraining tha bahavioral 
affacts of such spacifiabla paraaatars as tha 81 duration 
and q should not ba ovorlooked.

Tha aajor findings of tha currant aMpariaont allow for 
tha following concluslonsi

1) Tho studies by Cola at al. (1982) and Coll (1983) 
are supported by further verification of tha affactivanass 
of a procedure which anables pigeons to refrain froa aating 
froa a raised hopper presented for a prolonged period of 
tlae.

2) A high g of 81 withdrawal glvan an approach (i.e., 
e«.93 or gal) is necessary in order for tha procedure to ba 
characterized as reliably producing rafrainaant. P values 
lass than .93 will in soaa casas result in acquisition of 
rafrainaant and tha likelihood of this is positively 
related to g. However, the aaxiaua likelihood of 
acquisition below e^.93 is 30% (3/6) for Group g«.9 and 
than sharply decreases at still lower values C16X (1/6) for 
Group ga.8 and 0X (0/6) for Group g>.S).

3) This pattern of rafrainaant will only teaporarily
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pirilit whan q is d«cr««Md substantially. Tha abolishaant 
procadura aliainatas rafrainaant aftar only a fa* (i.a.v a 
aaxlaua of 12) occasions of aating during 81 aats and 
axhlbits a characteristic pattarni a suddan dacraasa in 
rafrainaant to a near zero level.

4> After abolishaant, this rafrainaant pattarn is not 
easily reacquired. All aniaals ware necessarily exposed to 
B increeents until q«1.0 had bean reached despite the fact 
that they Mere exposed to identical values at which 
rafrainaant had previously been deaonstrated. In addition, 
for all but 2 of the aniaals for which reacquisition was 
successfully coapleted, it was necessary to decrease the 81 
duration to 1 sec in order for reacqulsltlon to begin.

S) Synthesis of the above conclusions Indicates that, 
regardless of experlaental history, the likelihood of 
producing reliable rafrainaant is aost assured for any 
aniaal whan the current procedure is applied at an 81 
duration of 1 sec and a g of hopper withdrawal of 1.
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