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EFFECTS CF TINME CUT (N SFACED RESTCNDING IMN FIGECNS

by Thomas J. Krarer

This experiment was ccrcerned with the tempeoral prt-
tern and rate of responding of pigeons on a differential-
reinforcement=-of-low=rete-of=responding schedule (2iL),
vhere tre subjects received reinfcrcement for all responses
terminating interresponse times (Iil's) greater than or
equal to a certain time value. _r L1 relers to the tirme
which intervenes between any tvo ccnsecutive responses.

The purpose of this experiment was to see if pigeons

could be trained to adjust their rate of resvonding to the
delay requirements of a DL schedule of reinforcement by
use cf special diserimination training invelvins time out
from responains for all I3ls greater than or equal to thet
time value. In addition, the effects of this discrimina-
tion procecdure in controlling responding on a DRL schedule
were compared to the effects of the punishment vrocedure
using shock in other studies.

Three ‘‘hite Carneaux pigeons were trained to pecik a
translucent disk in a stancdard 5Skinnrer box on a DRL 20-sec
schedule for twenty caily sessions. During alternate
sessions for the next thirty sessions, ever: responce with

an IRT of less then 20 sec vas fellowed with a tire out



of either %, 10, or 20 sec during the entire session. A
time out was accomplished by completely darkening the
experirmental chamber. At the end cf this 30-sessicn
period, all birds were run cn DRL 20-sec fer 15 additignal
sessions, after which the delay requirerent necessarv for
reinforcement was increased to 30 szec (DiL 30-cec) for ten
sessions. 1ollowing this, all respcnses with IRTs of less
than 30 sec were fcllowed by a time out during alternate
sessions for the next thirty sessions, using the same
time-out values and procecure as with DRL 20-sec.

The results were znalyzed using the I.is/CF statistic
vhich estimates the preobability that the subject will
resvond within a certcin tinme interval, given that lie has
reacl.ed the initial boundry of the interval &nd thus has
an op»nortunity to respond witlhiin that interval. Inspec-
tion of the I.Ts/OP curves shoved little difference in
responding among the three time-out values, both ot DRL
20-sec and at DRL 30-sec. Wwhile temporal discriminations
did not emerse during the initial 20-session exposure on
DRL 20-sec, all birds formed a temporsl discriminaticn
while the tire-out trccedure vac in effect zt .l 20-sec,
and maintained this discrimination after the termination
of the time-out procedure, althcugh not to the same degree.
.‘hen the delay requirement was increased to 3C sec, the
rate of responding decreased and the temporal ciscriming-
ticen was preserved. Reinstatement of the time-out pre-

cedure further decreased the rate of resvonding vhile



sharrening the discrirmination.

In gereral, the effect of the time-out procedure was
sirilar to effects achieved in other studies when all
responses were punished with low intensities of sheck, but
superior tc it in that respending, did not revert back to
the initial Zevel pricr to discriminaticn training, as is

the case with punishment.
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. ‘ INTRCOUCT ICH

A schedule of reinforcement which has received
increasing attention in the past few years is the differ=-
ential reinforcement of low rates of responding (DJRL),
where the subject receives reinforcement for all responses
terminating an interresponse time (IRT) greater than or
equal to a certain time value. An IRT refers to the time
which intervenes between two consecutive responses. For
instance, if a subject is exposed to a DRL 20-sec schedule
all IRTs of 20 sec or more sre followed by reinforcement,
whereas all IRTs of less than 20 sec are not. It is
important to note that there is no external stimulus
specified by the schedule which is correlated with time.

Little success has been achieved with pigecns 1in
forming, a temporal discrimination on DRL schedules.
Reynelds (1964a,b) has noted that pigeons perform at a
very inefficient rate on a Dil <0-sec schedule while
maintained at «0% of their free-feeding weight. He re-
ported that the performance after over 100 sessions on the
schedule was basically unchanged from that after six
sessirns. The subjects emitted very few responses with
long IiTs, and the data presented gave no indication that
the subjects had formed a temporal discrimination. But
Reynolds noted in a later article (1996) that pigeons

perforimed poorly because they seemed to be unable to in-



hibit responding, but nevertheless do form sore sort of
temporal discrimination.

staddon (1965), after exposing pigeons to a variety
of schnedules with varying delay requirements for 255 |
sessions, found that pigeons performed close to the max-
imum rate of efficiency up to about DRL 20-sec and appar-
ently formed a temporal discrimination, but that the rate
of responding at D3IL 30-sec increased over that at DRL
20-sec for two of the three birds. He concluded that few
pigeons, when exposed to JRL 30-sec, could adjust their
rate of responding to the schedule requiremerts in a way
comparable to their adjustment to shorter values. Staddon
sugrested that this ﬁay be accomplished by special train-
ing procedures.

Funishment has been used to reduce the rate of re-
sponaing of pigeons on a DRL schedule (Holz and Azrin,
1963; telz, Azrin, and Ulrich, 1963). Funishment of all
responses with shock decreased the rate of responding as
a direct function of the shock intensity, and in particu-
lar reduced the number of short IRTs, even at low inten-
sities, But after punishment was discontinued, the rate
of responding as well as the temporal pattern of respond-
ing returned to normal. Thus, the punishment had no last-
inz efiect once it was remcved, and the subjects did not
form a temnorsl discrirination.

The purpcse of the present experiment was to see if

pigeons could be trained to adjust their rate of respond-



ing to the delay requirements of a DRL schedule of rein-
forcement by the use of special discrirination training
involving time out from responding for 211 IRYs less than
the minimumn reinforced value, and reinforcement for all
IRTs greater than or egual to this same value., 1In
adiition, the effects of this discrimination procedure in
controlling responding on a DilL schedule were compared to
the effects of the punishiient rrocedure in other studies

using shock.,



The subjects were three experimeintally naive male
white Carneaux’pigeons maintained at 809 of their free-
feeding weight. They were purchased from the l'almetto
Figeon Plant and were approximately five years of are at
the start of the experiment.

Apparatus

The exrperimental chamber in which the subjects were ‘
tested was 12 X 14 X 13 in. contained within a larger ice
chgsﬁ. A fan, mounted on the door of the chest, provided
ventilaticn and masked any extraneous sound. The front
panel of the experimental chamber contained three Lehigh
Valley lectronics plastic pigeon keys which were mounted
g8 1/2 in. above the floor with a horizontal separation of
3 in. Zach key, mounted behind a l-in. diameter hole,
could be illuninated fro: behind with lisght. A force of
approximately 15 gm was required to close the ley. A
rectangular opening located below the center key permitted
access to the grain magazine which was raised to the
feeding position and lirhted during a 6-sec period for
reinforcement. Two house lights were located above the
response leys on the front panel. The programing equip-

ment consisted of a system of electromechanical switches

and timers, and IiTs were printed out on a Lehirh Valley

&



nlectronics 9 channel serial-parallel entry printer,
model 1660-9. The prorraming and recording equipment
were located in a separate room.
Frocedure
Juring sessicn one the house lignts were on and the
center key was i1lluminateu with white light. The food
magazine vas repeatedly presented to each bird until he
ate promptly upon presentation. Immediately after a peck
of at least 15 gm on the center key, the focd marazine
was presentgd. ./hile the food marazine was vresented, the
center key lirht was always off. Ivery response on the
center key was reinforced. 7The sessicn was terminated
with 25 reinforcements which occurred in rapid succession.
starting with sessicn t.o the house lights were on
and the center key illuminated vith white light. The
subjects were placed on a DiL t-sec cschedule, wvhere t
represents the IRT from either (1) the last response,
(2) the last reinforcement termination, or (3) the start
of the session, whichever occurred most recently. For
session two t was 3 sec and was progressively increased
by 1 sec each day until JiL 20-sec was reached. The
criterion for termination of a daily session throushout
the entire experiment was either (1) two hours of presen-
tation of the illuminated center key, or (2) 25 reinforce-
ments, whichever occurred first. The subjects were run on
the average of six days out of seven.

All birds continued on DJil 20-sec fer twenty sessions.



Juring altcrnate ses:ions for the next thirty sessions for
all birds, every response to the center key with an IRT of
less than 20 sec was followed with a time out of either
5, 10, or 20 sec durin; the entire session. A time out
was accomplished by turning out the house and key lights
which completely darkened the experimental chamber. All
responses with IRTs of 20 sec or more did not produce a
time out and were followed with reinforcement. The order
of occurrence of the three time-out values was variable
for each bird, five sessions being given at each of the
three values. For those sessions in which time outs
occurred, IiTs were measured from either (1) the start of
the session, (2) the last reinforcement, or (3) the last
time-out termination, whichever occurred most recently.
For those sessions in which time outs did not occur, the
procedure was as before at DrL 2C -sec.

At the end of this 30-session period, all birds were
run on DRL 20-sec with no time out for an additional 15
sessions, after which the delay requirement necessary for
reinfercement was increased to 30 sec (DRL 30-sec) for
ten sessions. Followings this all responses with IRTs of
less than 30 sec were followed by a time cut during
alternate sessions for the next thirty sessions, using the

same time-out values and procedure as with JRL 20-cec.



RESULTS

Thz results of a study involving respondinz on a DRL
schedule are usually presented in one or several graphs
with the abscissa representing categories of IQTs in
seconds (0-1, 2-3, 4=5, etc.) and the ordinate represent-
ing either IXTs/CP (interresponse times/opportunities) or
IRTs/Total. IiTs/Cr is a statistic which estimates the
probability cf a résponse cceurring in a certain tire
interval on the condition that the subject reaches the
initial boundry of the interval, and hence has the oppor-
tdnity for a respcnse in the interval. The I.iTs/OF sta-
tistic is calculated by dividing the number of responses
vwith IiTs which fall into a certain category by the number
of responses with I.ils as long as or longer than the lovier
limit of the IRI category in question. Therefore, the
I Ts/Ci statistic is a conditional probahility statistic
vhile IiTs/Totel is a relative frequency measurc. Thece
twe statistics can cften show quite different pictures of
the results leading to cpposite ccnclusions. inger (1956,
1¢63) pointed out thszt there is good reason for believing
thet comparicsons i rela.live frejuency rieasures of IRTs
tetween sul jects or srmeng cifferent cenditions Ior the
core subject may ve inap;ircepricte for many jpurpcses, par-
ticularly temporal discririraetionz. The opportunity for

2

for recronses to cccur with short IiTs is much greater



thar for leng circe every respcuse is Jclleoved with the
oppcrtunity to erit a resprnise n the chertest Il cate-
gory. 'This can be easily seen ficm Fig. 1 vhich chous
thre. cuvrves dravn frem actusl data. The trianzles repie-
sent the rercent of the availsble ornortunities for a
respense to ccecur in eacii 2-sec category. This curve
shoiis tlie chorp Cecrease in the number cf eprcrtunities

~t first znd then tle steady decrease thereafter. The
relative frequency curve (squares) ~nd the Iavs/(f curve
(circles) are quite ¢ifferent. The relstive frequency
curve shows little cor no evidence of a temporal discrim-
inaticn, while the I('s/(F curve shows an increasing
rrebeltiility of responding =zs the length of the IRT in-
creases. The roints plotted con the IATs/CF curve rmight

te rend co follows: ziven that the subject waited t sec

cr longer, wvhet was the prcvability that he responded in
the t - t+2 sec interval? ‘“hus, the IRTs/CP statisctic
equates ell IAT categories by veing the opportunities for
responses to occur in.a catersory as the denominator. Tne
desirecbility of this meaczure is Iurther enhancea by the
fact that, vhern no tenmpcrzl discriminaticn sxists in
respending on a Uil scheduvle, rouzh equality can be ex-
pected in the various 1.7s/(f values for the diiferent ILT
catescries. Thus, a peak in the IRTs/Cr values at or near
the minimum reinicrced IRl is evidence for a temporzl
discrimination. This discrimination is citen cbscured by

thie relative frequency graph due to the much greater



Fig. 1. Three methiods of depicting the prctability of
interresponse times. The IiTs/CP curve shows the number
of IRTs in each class divided by the tetal number of
opportunities for T:iTs in thet class; the IRTs/N curve
shows the number of IXTs in each class divided Ly the
total numoer of IRTs during the session; the third curve
chows the percentage of the total IitTs that were greater

than the lower limit of each IRT caterory.
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nurber of opportunities for shcit LuiTs. Consequently, it
seems that Za’lure to find evidence for a temporal dis
crirination in the relative irecuency distributicn of I.Ts
is inccrcluzive; the Iivs/C! curve shcovld be studied.

Visual ‘nspection of the 1.iTs/(l curves plotted s o
functicn of the I.T categcries for each bird during the
time-out nrccedure at ol 2C=3ec and UL 30=-sec showved
Lhat there vas very little di:ference in re:soonding =zs a
functior: of the time-out duration vithin any bird., Tig, 2
cshows tre IiVs/(I values as a function of the I.T catecory
for eachh ¢f the three time-out values during uil, 20-sec
and JiL 30-sec fcer figeen # L5. The curves fer the cther
twc tirds were quite sirilar in variabilZity.

Fiss. 2=5 shcv the ISTs/CF values plotted as a func-
tion ¢f the IiAT categories for days 16-20 cembined on
JitL 20=-sec, the lact tirec fessions of time ocut at each cf
the three time-out values combined «t Dill 20-sec, and the
last trhree sessicns of time out ¢t each of the three
time-cut velres comoined at Udl 30-sec fer each vircd.
Althceourh the curves chicty come dissimilsrities =2cross hirds,
cistinctive trends stua:d cut for all birds. The curves
for DRL 2u=sec prier to ony menipulaticns for each bird
chow a high probability of responding in the shcryest
catercry, followed by a sharp drop ror the 2-4 sec cate-
gory, and then a stendy rise. (211 resch an initial peek
at abeout & sec anda Iluctuste abeout that value 2t longer

T2rs, approximating equality. This i1s in marked contrast
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Diz. o, IATs/OF values as a function of IRT categories
for eachh of the latt tnree cessions cembined at each of
the thrree time-out (TC) values during DAL 20-cec and 02L
30-sec for Tigeon i 4f. Ne INlse/Cr values vere computed
wHere the cyfortufities were lecs than Z0. 7Trne numbers on
the abscissa represent the lcver limit of each Z-czec IX7

atezery.
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ig. 2. IiTs/CP values as a function of the Il categeries
for Pizeon # L5 on DRL ZC-sec before time out (BEEFCRE TC),
DRL 20-sec during time out (uzl 2C TC), erd Dil 3C-sec
cduring time out (DL 20 T(). The numbers on ihe abscicssa

represent the lover limit of each 2-sec IiT catercry.
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Fic. L. IiTs/CP values as a functicn cf the IXT caterories
for Figecn # 23 on DAL 20-sec befcre time out (BIFCIRI TC),
JUL Z20-se durins time out (DRL 20 TO), and DXL 30-sec
during time out (DkL 30 7C)« The numbers on the abscicsa

represent the lower limit of each Z-sec TUT category.
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Fig. 5. IQ's/(P values as a functicn of the IKT categories
for Pizeon # 21 on DL 20-sec before time out (BrFCRE TC),
DRL 20-sec during tire out (DrlL 20 TC), and uJill, 30=sec¢
during tirme out (2L 30 TC). 'The nurbers on the abscissa

rerresent the lower limit of each 2-sec I.T c2tegory.
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to the curves represerting respending under the tirme-ou?
conditicen z#t DUl 20-scc. The preoability of a response
in the shiortest cateccery is neor zerc for ezch bird, in-

creasing monotonically to e peak prcbability just prior

to th

o

reinforced value fcr Digeon # 21, ~n¢ & peak fer

Tigeon # L5 and 1iceon # 23 near 24 sec. The curves fer

.

the time-ovt coenditicn et ORL 3C=sec follcew the seame

€2

ceneral pattern as thcse for the time-cut conditicn at
DAL 20-sec. Each increases monctonically from a low
initiel vélue, but at a slower rate. Zeach curve pezks
rougihly at the same place relative to the minimwr rein-
forced valve for each bir¢ as it ¢id at DAL 20-sec.

Figs. 6-8 show the IRTs/CF values for each bird
rlctted as a function cf the Iil caterories ccmbined for
days 16-20 on DRL R0-sec (replottea as in rigs. 3-%5),
days 1li-15 after the end of the time-out precedure at
JRL 20-sec, and daye 6-10 of DiL 3C-sec, just prior to the
start of the time-out procedure 2t that valuve. The curves
for all three bhirds =till show the presence cf a temperal

Jiecrinmination, zlthoush not to the same degree as vhen
b} (

o

the time-cut procedure wes in effect. In additicn, the
discriminaticn is not as sharp as foi the time-out con-
diticr, perticularly ecround the area cf the reinforced
valuez. The important fact is that responding did not
revert back tc the level which existed prior tc the insti-

tutionn of the time out. It can also be seen that zll

three birds adjusted their rate of responding toward the



Pig. 6. IRTe/CP values as a function of the IRT catesgories
for Pigeon # L5 on DRL ZU-sec hefore time out (DRL 20
BEFCLD TC), DillL 20-sec after time out (DRL 20 A7k TC),
and DAL 30-sec before tire cut (D.L 30 EEFCRE TC). The

numbers cn the abscissa represent the lower limit of each

2-sec 1KT category.
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23

Fig. 7. IQTs/CP values as a function of the IT catercries
for Tigeon # 23 on DL 2C-sec befcre time out (DRL 20
EEFCR~ TC), DKL 20-sec after time out (DL 2C AFTLZ TC),
and D.tl. 30-sec befcere time out (LRL 30 BirCity TG . The
nurbters on the abisccissa revresent the lower limit of each

2=sec Ii1 category.
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Fig. 8. 1IaTs/Cl’ valves as a functicn of the IRT catecories
for Ticeon # 21 en DRL 20-sec before tirme out (DRL 20
REFCiHE TC), ORL 2C-sec after time out (DRL 20 AFT & TO),
and 'L 30-sec before tise out (DRL 3C BEFCRI TC,. The
nurbers on the aﬁscissa represent the lower limit of each

2=sec IAT catecory.
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delay requirement =t J.L 30-cgec prior to the start of the
time-cut procedure 2% thast value.

Table |1 presents the rate of responding Jdurinz the
conditions shown in the rrevious graphs as well as the rate
of reinforcement for the same conditiens. All birds de-
creased their rate of responding during the time-out
sessions at DAL 30-sec over time-out sessicns at DRI 20-sec.
In addition, the percent decrease in the rzte was quite
comparable for all birds; 24.2¢ for Pigeoﬁ #45, 23.87
for Pigeon £ 23, and 21.4 for Figeon # 21. The rate of
responding after the time-out pericd at DaL 20-sec was
lower than the rate prior to the time-out condition for
all birds. The rate of responding on DAL 30-sec prior to
the time-out procedure was lower than the rate at Dl 20-sec
after the time out for all birds, further confirming the
observation that all birds adjusted their rate of respond-
ine to the schedule requirements.

The reinforcement ratios included in Table 1 are in
arreement with the data on respons rate. The reinforce-
ment rate at D1IL 20-sec during time-out sessions is
higher than either before or after the time-out period for
all birds, despite larve individual differences. The
reinforcement rotes during time-out sessions at DRL 30-sec
are arain uniformily higher than before that procedure.
inally, the rate of reinforcement at DRL 30-sec during

time-out sessions is eaual to or greater than the rate

at DRL 20-sec prior to exposure to time out.



Table 1. The response rate and reinfcrcement rate fcr each bird
tefore, durirg, and after the time-out (TC) procedure at DL

20=-sec, and befcore and during the tire-cut procedure at UL

30=-sec.

G I I
Responses/min Reinforcerents/min

Condition # 45 F23  #21 W5 23 fF2l

L ]

DRL 20 before TO £49 €8 9.7 0432 0.2 0.04
DRL 20 during TC 3.3 L.2 5.6 1.16 C.51  C.12
DAL 20 after TC 5., 7.8 6.8 0.27 0.38  0.06
DRI, 20 before TO L.6 5.6 6.0 C.61 0.15 0.02
DHL 20 during TC 2.5 3.2 L.l .68  0.25 0.0k




DI3SCUSSICH '

When time outs folloved responses wifh IiTs which
wére less than the minimum reinforced value, all birds
formed a temporal discrimination. It is unlikely that the
birds would have formed this discrimination within 55
sessions since deynolds (1904b) has shown that pigeons do
not perferm any better after over 100 sessions than they
did after & sessions on DXL 20=-sec.

The effect of time out in controlling responding on
a DAL schedule is roughly similar to the effect achieved
with low intensities of shock (Holz and Azrin, 1963 Holz,
Azrin, and Ulrich, 1963). But the effect of time out and
shock are not exactly the same. “'hen responding was no
lonzer punished with shock, respcending reverted back to
the pre-shock level, whereas with time out the birds con-
tinued to show a temporal discrimination, although there
was some loss in discrimination. It should be pointed out
that this difference in the rate of responding after re-
moval of punishment as opposed to the removal of time out
could be due to procedural differences, since in the
studies cited above all rekponses were followed with shoclk,
whereas in the present experiment only those respcnses
which were not reinforced were followed with a tiwre out.

The controlling effect of the time-out procedure is

further stubstantiated by the decrease in the rate of re-

29
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sponding and corresnonding increase in reinforcement rate
at )L 30-sec from that at DIL 20-sec for all birds, both
with and without the time-out procedure in effect. 3Staddon
(1965) has presented IiTs/CT curves for three birds at JRL
20-sec after avproximately 220 sessions of responding at
various DXL values which are very similar to those pre-
sented here for JiL 2Z20-sec with time out. PFut after apprx-
imately 255 sessicns, only one bird showed a temproral dis-
crimination at DRL 3U-sec while the rate of resvonding for
the other two birds increased over the rate at ORL 20-sec.
The present data show that all three birds formed a tem-
poral discrimination at DRL 30-sec, even prior te the start
of the time-out vrocedure at that value. Thus, pigecns do
seem to be able to adjust their rate of respondinz to the
delay recuirerments of a D3L 30-sec schedule, at least when
special techniques are used.

The fact that there was little difference in respond-
ing under the three time-out values has important theore-
tical implications. It has been susrested (Kelleher; I'ry,
.and Cook, 1959; .ingzer, 1903; 3lough anl I'illward, 1%65)
that the important factor involved in temporal discrim-
inations is the interoceptive stimulation produced from
the last response and not any exteroceptive stimulation,
such as a chain cf behavicr. If this were the case then
it wculd be expected that the birds in this exveriment
would show a difference in resvondine under each cf the

three time-out conditions, since the actual delar necessary
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between an unreinforced recponse and the availability of
reinforcement was either 25, 30, or LO sec at DRL 20-sec
and 25, 4J, or 50 sec at DL 30-sec. GSince prior research
indicates that it is unlikely that pigeons could adjust
their rate of responding to the delay reruirements of a
JiL 50-sec schedule, the subjects in this experiment
seemed to be estimating the interval by the length of time
that the lights were on and not by the length of time from
the last response. Therefore, the stimuli that seem to be
controlling the discrimination in this experirent do not
appear to be the resronse preduced stimuli from the last
key peck.

The high probability of responses in the shortest I2T
catezory, which occurrec during those conditions vhen the
time-out procedure was not in effect, was quite similar
durin’ all three couditions for two of the three birds.
sidman (1956) referred to these short INTs as bursts,
defined as any sequence of tvo or more resnonses in which
no consecutive resvonses are sevarated by more than 2 sec.
Sidmran showed with rats that the probability of a burst
occurring increased as the length of the previous IRT in-
creased, reaching a peak probability just prior to the
minimum reinforced value. But there is little published
data which has substantiated this same relationship with
pigeons, althourh Holz and Azrin (1963) indicated that
they obtained a partial relationship. In fact, those

studies which have directly investigated the nresence or
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abscence of this relationship in pigeons, showed that it
was absent (Blougsh, 1963, 1¢66). Inspection of the present
data for each bird did not reveal any consistent relation-
ship between bursts and the leng:th of the previous Ii’.

In addition, the brobability of a burst was practically
unchanged before and after time out at DRI, 20-sec and
betfore time out at DNL 30-sec while the shane of the
iRTs/O. curves were quite different. Thnis su~rests that
bursts of respcnding have a separate functicn, possibly
that of providing additional stimulus feedback on a DRL
schedule. Two additional facts support this idea; (1)
bursts rarely occurred during time-cut sessions, the time
out providing irmmediate feedback, and (2) bursts never
occurred 1if the response was reinforced, the response key
lisht and mazazine operation providing immediate feedback.

Collateral behavior. It was observed that I'igeon

# L5 developed a well-defined chain of resnonses which
effectively filled in the time between responses on both
the DELAZO and D.L. 3U-sec schedule. This bird wculd move
to the back cof the exneriwmental chanber after a response
and pace back and forth four tc six times. lle then
approached the left front corner of the chamier, from
vhere ke would =i ¢ & corplete turn, ernd then peck tlhe
response kcy. This behavior is very similar to that re-
ported rcr ore bird by Lolz, Azrin, and Ulrich (19£3).
The other tvo hirds did not ferm any repeated chain, but

Leth birds consistently turned away from the resronse ey
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after peckxinz and moved toward the back cf the chamber.
The lack of a consistent pattern of behavier in all birds
between responses, ccmbined with the observation that all
birds moved away from the response ley after pecking,

secm

9]

to indicate that at least sore kind of competing
behavior right be an impcrtant factor in the ability of
rigecns to form a'tewporal cdiscrimination cn a DRL schedule.
The recc:rnition of this competing behavicr, if it dces

exist in mest birds, cen only be achieved throuch direct
cbservation cver a long yperiod «f time. This could

account for the lock of siriler observations in the liter-
ature.

Concluding remarks. In gencral, the function cf the

time cuvt as a special technique for bringing spaced respond=-
ing under temporal control seerms te be that of mcoking the
pascsege cof time riore salient to the animal. The assumption
that animals do not normally attend to time cos the rele-
vant voriable on a DL schedule is supported by the find-

a2
e

of ICruner and .evusky (1961), who found tiint human

&3
[G)

subjects, expcced teo DRL ¢.l-gec Limited Fold Z.25-sec had

no idea tiat reirforcerment depended in zny way upcen the

Fal

passzie of time, as Jjudged from post-experimentzl inter-

views. otaddon (1V65) also suprFested that exposing pigecns

Rl

to varicus deley requirerments cver a long pericd of ti

5
(0]

rekes the parsape of time more salient te the animel.
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ATFENUDIX A

Pigeon 7 21

Response Irequency

I:T DREL 20 DRL 20 DRL 20 DRL 30 DRL 30
cate- befcre during sfter before during
sories TC TC TO TC TO
(2-cecj (5 davs) (7 days) (5 days) (5 days) (9 days)
0-1 1513 169 687 889 110
2-3 57 2L6 lée 73 150
L-5 756 373 340 169 26C
6=-7 1053 631 170 263 L1e
=9 950 c7L 665 LGL 518
10-11 508 65 €74 L68 51¢
12-13 209 760G 518 LL3 £07
14-15 107 L6 z€3 360 525
€£=17 63 211 £5 260 LE3
1&8-19 21 g9 33 25 380
20=-21 12 L7 17 75 295
22=23 2 1¢ 5 3y 149
LL=25 5 1l ) 12 99
26=27 2 5 L 12 75
2529 0 6 % ¢ 2
30-31 0 1 ¢ £ 16
32=33 0 C C 3 12
3L=35 0] 2 0] 1l 7
(=37 0 3 0 0 1
& + C 3 1 1 8

36



IT DAL 20
cote- before
geories TC
(i-sec) (5 davs)
C-1 1371
2=3 127
=5 433
6-7 &16
8-9 590
10-11 308
12-13 1&£7
14=15 107
16-17 gz
1£=19 59
20=21 L6
22<2 19
2L=25 14
26=27 11
28-29 8
30-31 L
32-33 2
2435 13
36-37 0
36 + 3

D
~d

Yireon < 23

esponse Frejuency

JRL 20 DRL 20 DRL 30
during after before
TG TC TC

(¢ days) (5 days) (5 davs)

41 &L49 1176

55 169 134

100 2¢9 <12

46 191 159

148 16GC 141

190 191 158

257 167 162

276 141 161

201, 122 178

173 gl 1€6

110 58 1¢0

©0 36 144

27 13 123

7 9 75

2 7 55

1 3 32

2 2 16

0 1 10

' 1 11

3 1 16

127
128
199
203



I'igecn + 45

Response Frequency

I3T DRL 20 DRL 20 DRL 20 DRL 30 JRL 30
cate- before curing after before during
gories  TO TO TC TC Te
(2-secj (5 days) (9 days) (5 days) (5 days) (9 davs)
0=1 2019 3 311 503 22
2=3 27 11 L 12 28
L-5 101 18 L 9 6
6=7 515 10 3 L 10
G=9 €25 11 3 12 11
10-21 528 21 15 ‘ L 13
12-13 307 33 32 9 17
14-15 130 62 L9 14 15
16-17 97 125 67 12 26
18-19 50 140 78 21 39
20-21 3¢ 1C4 L& 32 5L
. 22=23 37 55 27 65 67
2L=25 14 18 9 €8 €5
26-27 7 2 9 70 eg
28-29 5 b 9 77 g8
30-31 3 1 5 o5 €5
32-33 6 2 3 33 72
34=35 1 0 3 25 - 20
30=37 1 0 2 17 19
o+ 2 1 11 17 12
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