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TITRATICM OF INTERTRIAL TNTERVAL IN THE MATCHIMG-TND-SAMPLE PARANTGM
Cregory T. !'ochstatter
Castern T1llinois University

Investigators have used many different values for the ITI in inves-
tigating the variables in matching-to-sample. Holt and Shafer (1973),
sﬁow»d that thn TTT {tself influences matchina performance. Tn +he
present experiment the titration method was employed to detevwmine the op-
timal or “"preferred®™ ITI for pigeons. Threa Ss began each session with
an ITI of O sec. Th-ee other Ss began each session with an ITI of 60 sec.
During the session two consecutive correct responses reduced the TTY bv
2 secs while a single e~or would increass the ITI by 2 secs. The resvlts
shotred that the 60 sec ITTY gEoup worked dovn to the O sec ITI, Howevor,
perfar~anc~ a+ the 0 sec TTT ¢+hon Aeecrzagsed, The 0 s2c ITT aroup maintain-
ed th2 0 scc ITT and performance imprcved in the second half of a session,
The results vere interpretated as suggesting that the titration method
maintaines observing behavior which accounts for high, accuracv in magching-
to-sample:. Amsel's frustration hypothesis is also considered to account

for the distributio» of evrors within a session.
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TITRATTOM OF INTERTRIAL TNTERVAL TN THE MATCHTNZ-TN-SAMPLF PARANTGM
fregory T. Hochstetter
Eastern Tllinois "'niversity

In matchina-to-sample behavior. the subject is first presented with
a standard stimulus. After responding to the standard stimulus a set of
comparison stimuli afe presented, from which the subject is requirad to
select the stimulus that corresponds to the sample.

Peinstein (1941) was probably the first to use matching-to-sample
qnder systematic experimental control. Two rhesus monkeys and two child-
ren were the subjects. WYWeinstein used two problems, a sample with two
comparison stimuli and a sample with four comparison stimuli. TInitially
a simultaneous matching procedure was used with the sample and comparison
stimuli present during the trial. later, "Weinstein employed a delayed
matching procedure in which the sample was removed before the compari-
son stimuli were presented. Weinstein also tested for generalization
of matching-from=sample behavior towards stimulus objects experienced
for the first time. The performance of the monkevs and children were
comparable. !owever, the children had faster acauisition and were
able to @eneralize more broadly. "einstein suggested that the child-
ren's matching performance was under the control of the concept of same-
ness while the monkeys encaged in discrimination behavior.

Nissen, Blum, and Rlum (1948) considered three general ways in which
the similarity or difference betwsen sample and choice object may be effect-
ive in the matching problem. The first wav is.a conditionirg situation.
RNeinforcing the sample reinforces response to the visual characteristics

of the sample. Those characteristics are repeated in the matching choice-
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_obiect-and are absent in the other choice-object. A correct response indi-
cates that conditioning has occurred in that 66e trial.

The second interpretation is the "perception mechanism". This inter-
pretation assumes that an immediate-preception of likeness and/or of diff-
erence is possible and is the basis of solution. The third interpreta-
tion assumes that the subject can respond differentially to similarity
and difference regardless of the particular visual characteristics of the
stimuli. This interﬁretation is termed the "abstract generalization mech-
anism”. Tt assumes that the basic association between a given stimulus an-
approach to that stimulus is learned in a single trial, early in training.
"The basic association is then effective in all subseduent trials.

tissen. Rlum, and Blum's data gave no clear indication as to which
mechanism was operative; The authors suggested that possibly all three
mechanisms were effective, separately or in combination.

IUsing pigeons as subjects, Skinner (1950) desctibéd matching-to-
sample as reinforcing the discriminative responses of "striking-red-after-
being-stimulated-by-red and striking-green-aftcr-being~stimulated-by-green”
while extinquishing the other two possibilities. The plaeon Ycarns to res-.
pond to the sample stimulus. This receponse is reinforced b the illumina-
tion of the comparison stimuli. The rrsnonse to the comparisen stimulus
follows immediately after the visual stimulation from the ccnter key.
Skinner considers the response to the sample as a requisite condition for
the discrimination.

Ginsburg (1950) had pigeons learn three twmas of matching-to-sample
problems. The first vac matching, where the <a%n1o etimulns vias identical
*+0 the corrtect choice stimilus. The second was rn~matrhing, wﬁére the cam-

ple was identical to the incorrect choics. Tha t-i-A -ras a~atching, where



the sample stimulus and choice stimuli were different colors. Ginsburg
reported that nonmatching was learned significantly faster than both match-
ing and amatching. Matching and amatching did not differ significantly.
Yowever, Skinner (1950) had found no difference in establishing matching
and nonmatching. Cumming and Berryman (!'ostofsky, 1965) reported results
opnosite that of Ginsburg. They found verv slow acquisition of oddity and
rapid acouisition of matching. The two studies differ in the criterion of
learning used and possibly in ths number of stimuli used.

Ginsburq further stated that since amatching was learned as readily as
matching it arqued against a solution based on a purely perceptual basis.
He accounted for all three matching problems with the transverse patterning
mechanism of Spence. According to thie idea the € reacts with either an-
proach or avoidance to the combination of the trace of the sample and the
perception of the choice stimulus.

Since these investigations many variables in the matching-to-sample
paradigm have been investiqated. The variables are: reinforcement, delay-
ed matching and short-term memory, time-out(TO), drug effects, observing
responses, generalization and transfer, stimulus¢ hange, conditioned rein-
forcers, extinction, and intertrial intervall TTT),

Ferster (1960) did a comprehensive investigation of intermittent rein-
forcement in matching-to-sample. He used a 1 sec time-out(TO), a 4 sec
reinforcement cycle and no intertrial interval(ITI).. He reported that fix-
ed-ratio, fixed-interval, and vériable-interval reinforcement produced the
typical performances normally obtained with these schedules. Tn examining
ratio reinforcemant of matching behavior. Mevin. fumming, ard Rerrvman (1963)
started with a 3 sec T? and a 25 sec TTI. Durina the experiment the TN was

removed and the ITI was reduced to 1 sec. They reported a high incidence
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of errors immediately after reinforcement on fixed-ratio schedules. Accuracy
then increased as the ratio progressgd. ‘By céntrast, accuracy was high
throughout the ratio on a variable ratio schedule. Mintz, Mourer, and Wein-
berg, (1966) used an ITT of 350 msec aftgr a correct match and a delay of
6 sec after an incorrect match. After the 2.6 sec reinforcement cycle the
next trial began. A vertical array of lights was illuminated in-re-
lation to the successive steps of a FR 9 schedule of feinforcement. As a
fandomly introduced ﬁrobe, the stimulus situation appropriate to having
seven to the FR_9 steps already completed was occasionally introducéd at
the beginning of an FR cycle. Reinforcement followed the illumination of
the two remaining lights by two correct matches. The number of errors in
this probe condition were lower than the errors characteristic of the first
two steps of the basic FR 9,

Boren and Gollub (1972) reinforced correct matches under fixed-inter-
val, chained fixed-interval, and fixed-interval schedules that had extero-
ceptive stimulus changes correlated with time since the last reinforcer.
Reinforcement consisted of 6 sec access to grain or a .5 sec magazine light.
Incorrect responses were followed by a 5 sec TO and a correction procedure
was used. For all four pigeons, accuracy decreased from th~ beginnina of
the interval to some point in the middle, and then became increasingly more
accurate until the end of the interval.

The effects of the schedule of reinforcement in matching-to-sample are
consistent with the effects found on other behaviors. Birds on FR schedules
make more' errors immediately after reinforcement. Performance then improves
as the ratio continues. The steps in VR schedules have no effect on match-

ina accuracy. Performance on FT schedules is similar to FR schedules.
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Blough (19%0) investigated delayed matching-to-sample. He found that
matching behavior depended upon the length of the delay and upon the S's
behavior during the delay interval. Pigeons matched a flickering or steady
sample with a 5 sec ITI. Blough observed stereotyped superstitious behavior
during the delay inter;al. Acquisition of delayed matching was analyzed by
Berryman, CUMping, and Nevin (1963) using a 3 sec interval for TO and rein-
forcement and a 25 sec ITI. By the end of the experiment the order of per-
formance level for all three pigeons was: simultaneous matching, zero de-
lay, 1 sec, 2 sec, 4 sec, 10 sec, and 24 sec delay. Cumming, Rerryman, and
Cohen (1965) used six pigeons to study acquisition functions for zero-de-
lay matching and simultaneous matchinaq. They used a 3 sec interval for
TN and reirforcement and a 25 sec TTI. The? showed that zero-delay mat-
ching is a more difficult task for pigrons than simultaneous matching.

In studying the effect of satiation on .delayed matching ﬁerformance,
Cumming, Berrvman, and Mevin (1965) used a 3 sec interval for TO and rein-
forcement and a 25 sec 1TI. Their results suggested that long delay match;
ing was better under conditions of reduced drive. Smith (1967) compared
a delayed discrimination and delayed matching problem in pigeons. He re-
ported that performance was consistently poorer on the delayed matching
problem. He also showed that accuracy of responding during delay proce-
dures was a function of the length of delay interval. Smith used a 5 sec
TO for incorrect matches but the next trial followed immediately after a
correct match. Smith used a vertical and horizontal bar as stimuli and re-
ported the same basic results as Blough (1950) who used a flickering or
s$teady sample.

Roberts (1972) used the matching-to-sample procedure in establishing

the effects of repetition and spacing on short-term memory in the pigeon.
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He employed a 3 sec reinforcement interval, a 20 sec ITI and a nonmatching
response terminated the trial. e reported that reten&ion increased as a
direct function of the frequency with which a sample stimulus was presented.
Temporal spaéing of repeated presentations of the sample lowered retention
as compared to nonspacéd presentations. IThe amount of spacing and repeti-
tion increased as the number of repetitions increased. Roberts further
analyzed the data to determine the effect of color discriminability on
delayed matchina. Hé found that those colors that are close in their wave-
lengths yielded the highest levels of performance. Conditions which pfo-
moted a high level of retention led to the greatest differences in reten-
tion between color combinations of high and léw discriminability. Zentall
(1973) further investioated memory in th~ oiqeon using matching-to-samole.
Ye trained six pigeons on a wavelength matching task with a 5 sec de)ay be-
tween the_offset of the sample and onset of the comparison stimuli. Zentall
also used a 5 sec ITI but no TO or correction procedure. When he interpol-
ated a novel wavelength or novel shape between the sample and comparison
stimuli, he found that both disrupted matching performance. The novel wave-
lenath was more disruntive +han the novel shape. Zentall sucgested that
the inteorpolated stimulus presentation disrupted the memory trace for the
sample stimulus.

When using pigeons in the delayed matching task accuracy decrgases with
increased delays. Matching at long delays is better under conditions of re-
duced drive. Accuracv is also improved if short delays are used with re-
patition of the sample stimulus. !Matchina accuracv is also roduced if a
stimylue i presented during the delayv interval.

Ragides pigeons, mornkevs have aleo been used exteneivelv in delaved

matchinn-+o-cample +asks. Scheckel {106%) used a sslf-adjustment procedure
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in which the range of delay intervals which could be presentnd to an S was
1-105 sec. Yormnver, the~ particular Aelav: presented were a function of S's
responses. Nurina a given s~ssion th~ average 1limit of delav was 45 sec,
with a ranage of 30-70 sec, for four rhesus monkevs.

The effects of ret-oactive and nroactive interfering stimuli on perfor-
mance of monkevs in a delayed matching task was demonstrated by TJarvik,
Goldfarb, and Carley.(l@éé). The results suagested that the aoparent de-
cay in memorv that occurs over time in a delayed matching test may be due
to the intrusion of interferina stimuli. FEtkin and D'Amato {1969) varied
sample set size, the number of stimuli used, with delay interval. Although
accuracy decreased as the delay increased, the sample set size had no affect
on verformance. Mo evidence for shor+-torm memorv interferrnce effects
were found. A modified decay interprectation of the data was suagested.

Short-term memory in the stumptail macaque was investigated by Tar-
rard -and Moise (1970). The importance of incompatiable resmonses during
the delay intervals was evaluated under two conditions. The first condi-
tion was free movement. Physical restraint in a primate chair was the
second condition. Matchinag accuracy at each delay interval indicated no
sionificant Aifferences between the +wo conditions.

Moise (1970) interpolated motor activitv during delays in delayed
matching-to-sample. He found significant performance deficits due to
amount of interpolated activity but no effect as to the point of interpola-
tion during the delay. D'Amato and O'Neill (1971) demonstrated that delay-
ed matching was superior when the delay interval was spent in darkness
rather than moderate illumination. 7'n contrast +o previous studies all sub-
jects showed above charce matchina at a 120‘seé delay interval. Ftkin (1972)

also showed that capuchin monkeys performed significantly batter after a
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dark delay than'gfter a lighted one. Thé relationship held for both spa-
| tial and nonspatial probleTs.

D'Amato and Worsham {1972) trained two capuchin monkeys in a delayed
.matching task with very brief, .075 to .45 sec sample durations. The per-
formance of both Ss indicated that their capacity to match successfully at
long retention intervals is not dependent on repeated viewing of the sample
stimulus. The results could not bé accounted for by enhanced attending to
the sample stimulus but suggests that the animals have the capacity of
"learning how to remember"”.

In investigéting punishment of S2 responding in mafching-to—sample
with pigeons by time-out(TOi, Ferster and.Appel (1961) reported that the
effect of TC depended upon the baseline schedule of positive reinforcement.

" Using a 4 sec reinforcement interval and no ITI they varied TO for .5 to

600 secs. Accuracy of matching was highest with TC durations.of 10, 30,

or 60 secs, but decreased at durations of either 1 sec or 120 sec. Using
intermittent punishment, Zimmewnan and Ferster (1963), reported that with
intermediate TO durations accuracy increased as the frequency of TO increased.
However, with an extfpmely short and an extremely long TO duration, accuracy
was poor over the entire range of freguencies. Zimmerman and Raydan (1963)
extended punishment of mismatching by TO to humans. The results from both
humans and pigeons indicate that if punishment is to be used to lower the
rate of, or eiiminate particular responses, it should be appliéd continuously
after the emission of those responses. Also, an optimal intensity of punish-
ment should be chosen since punishment of too great an intensity will result
in the suppression of overall behavior.

Berryman, Jarvik, and Nevin (1962) investigated the effects of phar-
macological variables on matching-to-sample. They used pigeons on a 25

sec ITI with a 3 sec interval for reinforcement and TO. They reported
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that pentobarbital produced considerable initial decrements in accuracy,
but relatively fast recoverv to normal levels. Llysergic acid diethylanide
produced an initial period of inactivity which was followed by ~ssentially
normal performance. Chlorpromazine effects showred such consi-erable var-
iability that the authors did not commrnt on its effects. The effects of
sodium pentobarbital on three types of matching-to-sample paradiams was
investigated by Rerryman. Cumming, “evin, and Jarvik (1964). They employ-
ed pigeons on a 3 sec interval for reinforcement and TO and a 25 sec TTI,
Thay shownd decrements in accuracy with increacing dose levels on zero
delay matching-to;sample. simultaneous oddity, and variable d~lay matching-
to-sample. The oddity performance was less sensitive to th2 drug effects
t+han zero dela' matchin~. Tn variable delay mat-rhin~ there sas no clear
.evidence for any relationship between the magnitude of the druc nffect and
the.length of the delay interval. lMNevin and leibnld (1966) trained one
pigeon on matchinog and oddity with red and gre~n key colors. They used a
10 sec ITT and a 3 sec interval for TC and reinforcom-nt. Tllumination

of a vellow lith+ above the center k-v ecerved as a cue for matchina or
oddity. Injections of sodium pentobharbital and transfer to novel kev col-
ors affected matchino and oddity differently. Thie effect suageetad *hat
stimulus control of tio Aiffercnt kinds of performarcs had been established.
Accuracy tended to decrease with increasing doses of pentobarbital, bhut the
derrease in accuracy of matrhing was oreater tha~ for oddity.

Using rhesus monkeys, Melle (1971) studied alcohol effects on delayed
matching-to-sample. A titration procedure was employed in which delay dur-
ations changed as a function of performance acduracy. Accurate matching
waes observed at delays beyond 3 min. Alcohol was then adminic¢tered in as-

cending doses and alternated with control sessions. Althauoh performance
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accuracy decreased with increasing alcohol doses, short-term memory did not
appear specifically impaired. Erro¥§ did not increase as a function of in-
creasing delay intervals, rather, errors clustered between 1 and 30 sec de-
lay. Also, the monkeys wewe able to perform accurately at longer delays
despite high blood alcohol levels.

Combining drug effects with lesions, Glick and Jarvik (1970). admin-
istered D-amphetamine and scopolamine to four monkevs with dorsolateral
frontal lesions and-four unooerated monkeys performing a delaved matching
task. They found that both D-amphetamine and scopolamine impaired the
delayed and nondelayed matching of th~ unoperated control monkeys. Only
scopolamine and not amphetamine impaired the matching performance of the
frontal monkevs.

Ferster. Levitt; Z2immerman, and Rrady {1961) used matchina-to-sample
as a baseline ffom which to evaluate the effects of hvpnotic‘suqaestion.
Since frequency of emission of the behavior and the number of errors varied
differentially as a result of different suogestions. the authors considered
matching-to-sample was providing a baseline that was more sensitive to man-
ipulation than the simrle rerponse often recorded in operant research.

Fckerman. lansen, and Cumming {1968) demonstrated that matchina-to-
sample performance was improved when an explicit observing response was re-
quired to the sample stimulus. They used a 3 sec interval for reinforce-
ment and TC and a 25 sec ITI. They also observed the development of an
overt observing response by two of the three pigeons even when no observ-
ing response was required.

Cumming and Rerryman (1961) reported the results of a test of the
formation of a matchina concept in pigeons. After training to match red,

green, and blue stimuli with a-3 sec interval for reinforcement and TO and
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a 25 sec ITI, a yellow light was substituted for the blue. The results
showed no matching concept in the pigeons since matching accuracy was at
chance levels under the yellow stimulus. Also, there was no evidence of
a tendency of the Ss to respond exclusively to those stimuli to which they
had been previously reinforced, or to avoid the novel yellow stimulps. In-
stead, the pigeons adopted a position preference when the standard stimulus
was yellow. Using an adjustable comparison, Cohen (1969) investigated gen-
eralization during écquisition, extinction, and transfer of matching. Com-
pared with the acquisition of simultaneous matching in the three key situa-
tion (Cumming and Berryman, 1961), the two kev adjustable comparison proce-
dure produced a more gradual increase in overall accuracy and the final
levels of accuracy reached were considerably lower. Cohen used a 15 sec ITI
. and a 3 sec interval of reinforcement and TO. The generalization gradients
showed that all pigeons reached a high level of accuracy in the presence of
at least one standard and some pigeons did so in the presence of as many
as many as four of the six standards. Fxtinction had no systematic effect
upon overall accuracy or the individual generalization gradients.

Kamil and Sacks (1972) trained piaerons on a matching-to-sample proce-
dure with only three of the four possible stimulus configurations present.
They used a 3 sec interval for reinforcement, a 10 sec TO and no ITI. "hen
the birds were exposed to all four configurations as a transfer test a
high degree of negative transfer was seen. During the transfer test, res-
ponding after oﬁe sample was apparently based on position, while respond-
ino after the other sample was based on color. These results were dis-
cussed according to the coding hypothesis. The hypothesis states the
choice response on individual trials is urder the control of specific

mediating stimuli associated with each sample, That during matching ac-
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quisition with pigeons, each mediating response becomes established as a
discriminative stimulus, exerting control over choice responses made in its
presence. These responses are independent of all other mediating stimuli
associated with other sample stimuli.

Evidence has been presented that shows that monkeys differ from pig-
eons when tested for transfer of matching. Wright, “rench. and Riley (1968)
trained monkeys to respond on the basis of stimulus identit. They then -
showed immediate efficient generalization from identity to similarity
responding. Jackson and Pegram (1970) required monkeys to transfer from
color matching to form matchiné. Although only 2 of the 10 subjects per-
formed above chance during the first day of transfer, most of the remain-
ing animals performed above chance during the second day. The monkeys did
not revert to a position preference during transfer. flpon retesting color
matching after 14 days of form matching, the monkeys showed very hioh sav-
ings. .

The effects of stimulus change on matching-to-sample performance Qas
investigated by Stubbs and Thomas (1966). Pigeons were given 4 sec grain
access on a FR 25 schedule with a .5 sec magazine light presentation after
each correct match. A 30 sec fb interval followed a mismatch and the TTI
was not reported. .Stimulus change was effected by illuminating the red
house lights which were unilluminated during the training sessions. FEach S
received several stimulus change probes'during three different sessions.
For both Ss on all three probe sessions matching performance was disrupt-
ed by the conditions of stimulus change. long pauses and low response rates
occurred and accuracy was impaired. ™ith the reinstatement of training cor-

ditions, th~ nrestimulus change performance immediatelv returned.
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Clark and Sherman (1970) trained two pigeons on a two kev seauential
match-to-sample task. ﬂrain.reinforpement was available on a FI 8 min
schedule and orange illumination of the response keys preceded grain deliverv
by .5 sec. €ince presentation of th~ sample was under the control of the
S the TTY was varied by the £'s behavior. The .5 eec oranae keyliocht flash
was sometimes presented continaent upon mismatch responses on a I 1 min
schedule., Compared to baseline the rate of mismatch responses increased
and the accuracy of matchina verformance decreased. The effectiveness
of the orange flash to reinforce mismatch responses was markedly reduced
when it no lonoer preceded grain deliverv. The results were consistent with
those of conditioned reinforcers employing'a simble responcze and extended
the findings to the more comolex behavior of matchina-to-samole.

Two pigeons were trained to high levels of matching accuracy by
Cumming, Berryhan, Coher, and Tansen (1967). They then pu* fhe birds on
extinction to determine whether the response alore loses strenoth or if
both the response ard *he stimulus control ovor ths response are weakened.
They reported that although extinction produced large decrements in the
strongth of the kev peck rcenonse it had little ar no 2ffzct unon +he accuracy
of matching. Ono of tho hirds was on a 24 sec ITT during extinction and
the other bird underwent extinc*ion on a 4 sec ITT and a later evtinction
_session at 25 sec ITT. However, the authors did not comment on the rela-
tion of ITT length to accuracy.

The function of the intertrial interval in matchino-to-sample was in-
vestigatod bv Molt and Shafer (1073). Thev used a 3 sa2¢ interval for oeige
favrcemant and 3 2 cer TO, Twolve pjaeons wearr trained with either a 0, 5.
15, 2%, o~ 60 sec TTT. Fight of #+»u 12 nineons we=s aiven an 77T charne of
either: 0 to 60, O to 5. 5 to O, 60 +o 0. 15 *0 25, 5 tn 1%, 60 +0 5, % to

l, 1 to 5, 1 to 2%, and 25 to 1 s#z. The zero sec ITTI subjects failed to
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.match beyond chance lovels, while othar TTT valuns vesul4cd in matrching
acquisition. hanonss from O sers to other ITT values increasrd accuracy
and changes 40 0 sec decveasnad matchinn performanre. Chances to TTT val-
u~s bther than O soc wosul+s” inm 1i++1~ charqge in matching accuracy oncao
stablé performance had heen attained. Thev also rcported that only the
25 and 60 se~ TTTs resultcd in consistently high +erminal performance and
rapid acquisition. However, once stable correct matching had heen acquir-
ed, an ITT as low as 1 sec was sufficient to maintain accurats performance.

Cotton and Lewis (1057) studiad the effect of the intert:rial interval
on the acquisition and extinction of a running r~sponse. Thev reported
no indication that running time during acquisition depended on the ITI.
There were interaction offects between acquisition and extinstion interval
during extinction. There was no sionif%cant effects of ITT during a
spontaneous recovery trail. Jernstedt (1971) investigated the joint effects
of péttern of reinforcement, TTT, arnd amount of reinforcement in the run-
ning speed of rats. He reported that groups }unning at a 20 min ITT vrere
faster than groups runnina at a 20 sec YTI earlv in acquisition. Yowever,
there was no differerce in sneeds after the first few davs. Th~ massed
trials producnd greater resistance +~ avtinction +han spaced +rials, but
only lat-r in ~xtinction. A test nf the relationship between ITJ and the
development of differential response t& alternating partial-reinforcement
schedules was performed by ¥atz, "™oods, and Carrithgrs (1966). Three groups
of rats ran a runway for 30 days with 1TTs of %3 2 or 20 min. Starting-,
running-. and goal-time measures indicated the marked superiority of the-&
min group in developing the differsntial reosponse. Katz (1959) hvpothesized
that the stimulus after~ffects of r~inforcement and nonreinforcemert serv-

ed as a differential cur function in single-al*ernation intermittent rein-
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forcement schedules. Fe tested the hypothesis by comparing massed practice
(35 sec ITI) with spaced practice (39 min TTI). Katz predicted that only
the massed subjects would form the discrimination. However, the results
indicated that althouch massing of training facilitates the formation of
the discrimination, spacing does not eliminate the possibilify of discrim-
ination formation.

Jerome, Moody, Conner, and Gremler (1958) investigated the effect of
the ITI on the numbér of responsas made in work periods of various lengths.
In general the results indicated that the optimal ITI was directly related
to the duration of work. Consistent with the assumption that reactive in-
hibition dissipates during the ITI, response latencies were found to de~
crease as the TTT increased.

Four ITI intervals were used by Spence and Norris (1950) in deter-
mining the function of the ITI in evel;d conditionina. They found that
the amount of conditioning increased with increase in the magnitude of the
ITI. Prokasy, Grant, and Myers (1958) investiéated‘fhe effects of UCS in-
tensity and ITY upon acquisition and extinction of conditioned eyelid res-
ponses. Generally, as UCS intensity increased and as ITI lengthened, the
frequency of CRs also increased. The longest ITI was associated with sup-
erior conditioning and greater resistance to extinction.

The effects of the ITI and first trial reward was studied by Deets,
Harlow, and Bloomquist (1970) for acquisition of an object-discrimination
learning set in monkeys. They reported that ITI duration had noleffect up-
on performance during the initial stages of object-discrimination learning
set training. Performance differences associated with ITT differences be-
came apparent during the later stages of training when trial two performance

decreased with increased ITT dﬁration.
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D'Amico and Viney (1972) studied the effects of response force and ITI
on extinction in children. They used two force requirements and two TTTs,
5 and 20 sec. They reported no sionificant effects associated with ITT in
acquisition or extinction an” none of the possible interactions were sign-
ificant.

The role of the TTT in matching-to-sample seems most related to the
function of TTT in classical conditioning as seen in the eyclid condition-
ing nxperiments (Spénce & Morris, 19503 Prokasv, Trant & Myers, 1958),

The effect of ITI in matching-to-sample and obiest-discrimination learn-
ira srt do not seem related. The function of the TTT in rumvavs seems oppo-
site that o% matching.

To establish stablc stimulus paramet~rs or preferrad stimulus alu.s
a self-adijustment procedure based on the DékeSy auriomzter has boen emplov-
ed (01dfield, 1949: Elouch, 10553 Lirdsley, 1957: Blough, 1958). In the
BEk&sy method the subject's responses govern the stimulus intersitv. [low-
ever, the stimulus intensity also contrnls the subicct's responses. Tn the
original B&k&sy proczdure (B&k&sy, 1947) the intensity of a tonc increases
continuouslv as lone as a signal button is pressed and decreases avtomatically
whzn the button i¢ rolcased. The subiect controliina the buiton thus i<
ahle to let the intensitr of thc tone fluctuate jus* ahove and bzlow
threshold.

The R€k&sy procedure is similar to the “"Up and down" mcthod which
was developed and usod in testing the sensitivity of explosives to shock
(Mivo- ? Massey. 1957), Tn this tcchnique some initial height is chosen
with a succession of helghts above it and a succession below. Tf +he first
specimer explodes at the initial level the second specimen wil1l be tested

one step below the initial level, otherwise; the second specimen will be



17
tested one step above the initia) level. In general, any specimen will ‘be
tested at the level immediatelv below or immediatalvy above the level of the
previous test. The primary advantace of this method is that it automati-
cally concentrates testino near the mean and increases the accuracy with
which the mean can be estimaterd.

Tn psvchonhysics this method is called the staircase method (Corn-
sweet, 1962). USﬁally only two response categories are used, such as,
"™es" or "™o". The technique begins as in the usual method of limits
but chanages directién each time the observer changes his resnonse. For
example, durino an ascending series in a PReiz Timen experiment. when the
observer changes from saying "™Jo" to "Yes", the experimenter will de-
crease the stimulus value for the next stimulus. The experimenter con-
tinues in a descending series until the observe~ savs "Mo". whereupon he
will start ascending again.

Although the staircase ﬁethod resembles Béké%y's method. the methods
differ in that the stimulus is varied continuously in the B€k€sy procedure
while the stimulus steps in the staircasé method are discrete. Since the
stimulus is varied continuously in the ?ﬁkééy method it is often referred
to as "tracking”. The trackina method has been adanted to animal psvycho-
physics. ®lough (1955, 19%8) first trained pigeons to peck one key when a
target was visible and another when it was too dim, and thereafter they -
tracked their own dark-adaptaion curves. The tracking method has been em~
ployed by other investigators to determine visual and auditory thresholds

in other species, such as: the starling (Adler & Nalland, 1959), the rat
{rourevitch. ack. & "awkins, 1960). the cat /Flliott, Frazie=., 2 Piach, 1962},

and the monkey ! Symmes. 1962).
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Lindsley {1957) used a method similar to tracking to study the depth -
of sleep. Subjects wore a helmet which delivered an aversive tone. Slow
operation of a switch on the S's hand kept the tone at a moderate intensity.
Papid operation of the switch reduced the tone to zero intensity and the S
could avoid the tone by continued responding. Lindsley considered the
method sensitive and widely applicable to the stﬁdy of sleep behavior.

A technique éimilar to Lindsley's was used by Weiss and Laties (1958)
to study fractional escape and avoidance. They used a constant current
shock stimulator whose output was increased or decreased in discrete steps.
Fvery 20 secs a timer increased the shock level one increment. However,
each time a rat pressed a lever in the chamber, the stimulator output was
rélu ced one step. Weiss and Taties labeled this proaram a "titration sche-
dule”. From the titration method they had a continuous record of the rat's
tolerance to electric shock. Rachlin (1972) let rats and pigeons adjust
the intensity of electric shock by the rate of response. Trial titration
schedules were used to determine aversive thresholds in cats by Fields and
Glusman (1967).

Evans (1963) used a titration schedule to measure performance decre-
ment as a function of continuing heavy muscular exertion. A treadmill was
con;tantly accelerated unless the subject depressed a switch which would
decelerate the freadmill at a constant rate. Evans reported that the method
was sensitive to ongoing performance changes and yielded fairly consistent
results from session to session.

The titration method was used in a spatial dimension in a discrimin-
ation problem in monkeys bv Schrier, Stellnitz, and Green (1963). Separa-

tion of discriminanda from manipulanda was increased from zeio inches as

rapidly as each S's progress permitted. After two correct responses at a
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given separation, the separation was increased by a small amount. After
each error the separation was decreqsed. The authors reported that train-
ing time was considerably less than times previously reported.

Wunderlich (1971) used titration and double résponding as techniques
to promote learning of a color discrimination problem in retardates. The
results indicated that the techniques of-double responding and titration
facilitated learning by retardates under conditions of a spatial separation
between stimulus and response. Titration of delayed matching-to-sample in
children was studied by Ferrare and Francis (1971). Two consecutive cor-
rect matches increased the delay by 2 secs an incorrect matéh decreased
the delay by 2 sec. The average delay achieved was directly related to
age with only the older Ss performino correctly at delays greater than
40 sec.

Qumning and Berryman (Mostofsky, 1965) reported titrating delayed
matching-to-sample in pigeons. Two successive correct matches resulted in
an increment to the delay interval on the next trial of approximately 4
sec. Each error shortened the delay periéd on the succeeding trial also
by approximately % sec. "hile the bird was doing well the delay progres-
sively lengthened until he reached an interval that would permit him to
be correct on two-thirds of the trials. The delay interval tends to re-
main at such a level since he is at that point decréasing the delay as
frequently as he is increasing it. They showed a S that began ap exper-
imental session at a delay of 4 sec and progressively lengthened the in-
terval until the delay remained at around 10 sec by the end of the session.
That delay interval was consistent with the animal's performance under a
variable=delav proredure. The results suggested that delaved match;nq per=

formance did not require the presence of simultaneous matching trials, and
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that it was unaffected by the absence of delays other than those at which

the bird Can‘successfully work.

The review of the matching-to-sample literature has sho'm a number of
variables that have bzen investigated. The most pertinent N.S-thﬁ inte~-
trial interval. Investigators have used many different TTTs. The mos+
common ITY is the 2% sec YTI, with other authors using a % sec, 10 sec,

15 sec, Oor no ITf. The ITI has also bcen confounded by varied T7s,
inrtermittont reinforcemen+, and use of correctiv: pracedures such that the
actual intert-ial interval variecs amonn pres-hfa+ionq.

It has baon reportcA (Yolt and Shafaer, 1973) that due *o nracedural
differeneces involving different ITls, many studiss a=s not Air-ctly com-
~arable, Tn ovder o maks inter=n¥nsrimontal ecemparisons it s~c~s necessary
"+0 determinas +ha function of the ITT in ma*chin~-*o-sample b~havior. The
fifratiop mcthod is a very sensitive measure and aleo gereratles a continu-
ous record of performance. Sy usinag the titration ~ethod in d-layed match-
inc-to-sample, Scheckel (1965) and !‘elle (1971) showed that the ranae of
successfu)l delaved matcﬁing exceeded the delays reported in the litérature
for monkevs. Schrier. S*nllnitz, and G-een (1963) reported +hat titration
vaducad taining time for monk~ys. Mundarlich (1071) showed how titration
facilated lcarning in retardates. Ommina and Rarrvman (Mostofsky, 1965)
reported that with the titration method, delayed matching performance for
the pigeon is unaffected by the absence of delays that the bird is not cx-
posed to.

Therefore, it is hvpothesized that tho titration method is able +o gen-
efafo an optimal intertrial interval at which pigeons accuratelv pérform

the matching=-t0-samnle task.
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Method

Subiscts

Six white Carnraux pioenns, anoroximatelv & vears old, werr main-
tained within 15 grams of eiaghtv percent ad 1lib weight. Th» gg.wore
divided into tvo groups of thres pioeons each.
Aoparatus

The piaeon tést chamber was <alf constructed and contained in isola-
tion. The response chamher jitself was 45.72 cm lona. 30.42 em wide, anA
23,18 cm hioh. On the far wall of +h~ chamber packina keys wwra mountod
~ behind 3.17% cm diameter circles that were 5.08 cm apart from odan to edoe.
The distance from the chamber floor to the kevs was 27.305 cm. The res-~
oonse kovg wara transillimina+tzd by +hree visual TTT 1ioht proicctinag dis-
©lav cells. The feeding anerture to which the arain magazine delivernd re-
inforcement was 13.33% em above ths chamber floor. Two six Qatt. 120 volt
houselights were mounted above the response keys at the top of the chamber,
All programod stimuli ard response consequences ware controlled bv relav
circuitry.
Procedure

Preliminar~y Traininao. All Ss were magazinsd t-ained to anproach th~

feeding aperture at the sound of the arain magazine. The pecking response
was differentiated to an FR 5 on the center key which was randomly illumin-
ated with ore of three hues: red, arren, or amber. Response to the illumin-
ated key was reinforced hy a 3 sec grain magazine presentation. After the
pecking response was established to the center key, pecks were successively
approximated to randomlv presentad comparison keys. Preliminary trainina
was tarminatcd when the Ss perked +he illum;"a4eﬂ kevs with c<hort latencies

regardless of hue.
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Matching procedure. At the start of a trial a hue was presented on

the center key. A single peck to the center key produced a comparison hue
on each of the two side keys. A peck to the key of the hue that correspond-
ed to the sample or center key resulted ir reinforcanent. A correct match
also terminated the sample and comparison stimuli. An incorrect match, a
peck to the response key illuminated by a hue other than the hue of the
sample key, resulted in a 3 sec time-out. During TO the sample and compar-
ison stimuli were términated and the houselight was turned off. After the
TO, the incorrect match was followed by a correction procedure. Muring the
correction procedure the same sample and comparison stimuli were presented
until a correct match was emitted. Following the TO or reinforcement in-
terval there was a 5 sec intertrial interval. During the TT7, all stimuli
lights were dark, the houselight remained 1it, and the response keys were
ineffective. The Ss followed this procedure until they were matching at
chance accuracy. Chance accuracy was considered as fifty percent correct
matches on the first presentation of a trial.

Titration Procedure. After the Ss were matching at fifty percent

accuracy, the value of the ITI was under subject control. Whenever an S
made two consecutiwve correct responses the TTI was reduced one interval,

which was 2 secs. However, a single incorrect response increased the ITI

by one interval. One group of birds began with an ITI of zero secs. The
other group of birds began with an ITI of 60 secs. The possible rance of
ITTs was 0 to 98 secs.

The sequence of presentation of the 12 stimulus conditions was arranged
accordino to a rarndomized block desian which wés repeated 12 times in each

session. Thus a session consisted of 144 correct responses.
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All Ss underwent the experimental procedure until all of the birds

had reached a criterion of 90% accuracy for three consecutive davs.
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Results

All Ss acquired a high level of matching accuracy with low variabil-
ity. Fiqgure 1 shows the matching accuracy of the Ss that began each session
with a O sec ITI. Figure 2 shows the matching accuracy of the 60 sec ITI Ss.
The 0 sec ITI group.reached the criterion of three consecutive days of at
least 90% accurécy before the 60 sec ITT qroup. In the O sec ITT group,

S 83 reached criterion in 6 sessions, S 14 in 7 session, and S 55 in 21
sessions. For the 60 sec ITI group, S 31 and S 90 reached criterion in
12 sessions with S 53 reaching it after 22 sessions.

Figure 3 shows the modal ITI for each session for the O sec ITT group.
Bird 14 maintained a modal ITT of O secs after the second session. S 83
maintained a modal TTI of O secs after the third session. However, S 55
did not achieve a constant modal TTT of O secs until after session eleven.
Figure 4 shows the modal ITI for each session for the 60 sec ITI group.

Bird 53 achieved a modal ITI ¢f O secs on session 5lbut did not hold the
modal O sec ITI until after session 14, S 31 reached a modal ITI of O secs
in four sessions and maintained it after session 9. S 90 reached a modal
ITI of O secs and maintained it after the sixth session.

Figures 5 through 10 show continuous records of ths TTI changes through
a single session for each subject.

The°re1atiohship between the number of errors made in the first and
second halves of each of the last eight sessions is shown in figqure 11. There
is a tendency for the Ss starting each session at the O sec ITI to make more
errors in the first half than in the second half. The Ss starting each
session at +he 60 sec TTT made fower errors in. the firet half *han in +he
second half of a session. A médian +est of the numher of e-rors, first

and second half, for each group was significant. (x2 = 17.96, p .001)
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A "l coxon '"atched-Pairs Signed-Nanks test was performed between the
first and second half er»ors within each aroun. There was a significant dif -
ference for the 60 sec ITI group (T =1, p<.0%5) and for the O sec ITT aroup
(T =0, p<:.01). To test the difference in first half errors between the
two oroups the Mann-"*hitney U test for small samples was used. There was
a significant difference between the g-oups for first half errors (U = 1,
p::.poo). The 0 sec TTT group had more errors than the 60 sec group for the
first half. Thé 60 sec TTT group had more errors +han fﬁn 0 sec ITI group
in the second half. Wowever, the differerce was not sianificant (U = 1,

= .164).

Fiqure 12 shovs a ratio of the errors made in the first half of a
session divided by +he errn»s made in the second half. A ratin areater than
ono for the S¢ in the upper figure means that ther~ were more er»ors in the
first half of a session than in the second half. This upper finu-e is of
the Ss that began each session with a 0 sec ITI. The mi&dle figure is of
the Ss that becan each session with a 60 sec TT7. A ratio less than one
shows fewer errors in the first half of the session than in thec second
half of th» session. Th~ lower figure shows the ratio of errors averaged
ove» the 3 Ss.~f each grouwp. The ratio for the oroun t+hat becan each ses-
sion with the O ¢ec TTI is greater than one on sessions 15 through 22. The
ratio of errors for the 60 sec ITI group is less than one on seven of the
eight sessions.

A Mann-"hitney U test was calculated between the total number of errors
for each group for all twenty-two sessions. The test showed no sianificant
difference betwéen the arouns (2 = 1.04). A ™ald-"olfowitz Puns test was

performed to test for a difference in anv wav: -ce~tral te~dencv, variabilitv,
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skewness, kurtosis, or whatever. The runs test was also not significant
(z=0). However, a Mann-Yhitney U test calculated on the last eleven ses-
sions did show a significant difference between the two groups in number of
errors (U = 29.5%, p<.05). The O sec ITI group showed more errors than

the 60 sec ITI group.



Discussion

The titration method was employed in this experiment so that an optim-
al ITI for pigeons matching-to-sample could be found. The results show that
all the birds "preferred" the O sec ITI. The Ss that began each session with
a 60 sec ITI worked towards the O sec ITT, The Ss that begah with the O
sec ITI maintained it.

These results seem contrary to that of Holt and Shafer (1973). They
reported that Ss on a 0 sec ITI failed to match beyond chance levels. How-
ever, in the present experiment using a titration method Ss on a O sec
JTT acquired and maintaired high matching accuracy. The results do tend
to agree with those of Holt and Shafer in that the O sec ITI group made
more errors than the 60 sec ITI group. However, this difference was only
significant over the last half of the sessions, and not during the early
trials of arquisition which are usuallv the most sensitive to experimental
manipulations.

Holt and Shafer related the function of the 'TI to the role of observ-
ing respon<es. Fckerman. Tanson, and "umming (1968) showed that observing
responses increased matchine accuracy. Also, Ferster (1960), found that con-
tinuous reinforcement resulted in lower accuracv than fixed-ratio schedules.
Under conditions of high reinforcement frequency the pigeon is oriented to-
. ward the gfain magazine instead of the stimuli. Polt and Shafer considered
that a 0 sec ITI or continuous reinforcement which increased reinforcement
density, decreased observing responses and hence, matching accuracy.

In the present experiment the 0 sec ITI aqd continuous reinforcement
maintained a high level of accuracy. This suagests that perhaps the titra-

tion method maintains observing behavior.



40

Matching accuracy may have been maintained because of the aversive
qrality of the titration method. A mismatch not only produced a TO interval
and no reinforcement but also a postponement of the next trial. The delay
of the opportunity to work for positive reinforcement may be aversive in
itself. The increased ITI due to the titration may be similar to increasing
the TN duration. 7immerman and Ferster (1963) found that by increasing the
TO duration matching errors decreased. To investigate the aversive aspects
of titration it is suggested that the titration method be used in matching-
to-sa~ple without a correction procedur> or TO intervals.

A noteworthy finding of this experiment is the difference in errors
made during the first and second halves of the session between the O sec
and 60 sec YTI aroups. The 60 sec TTT aroup showed fewer errors in thr~ first
half than in the second half of the sassion. The findinags of "olt and Shafer
{1073) can be applied to this findinn, 7Tn the first half of the session the
Ss are on TTTs greater than zero. As Folt and Shafer show these hicher TTIs
maintain high accuracy. WYowever, during the second half of th» session the

Ss are generally on a 0 sec ITI and performance decreases, as shown by Holt

and Shafer.

The O sec TTT oroup showed more errors in the first half of the ses-
sion than in thc second half of the session. This result cannot be explain-
ed by the I'olt and Shafer experiment. The explanation of the distribution
of errors may be that the errors dronved out throuah a session. or perhaps
the birds habituated to th~» short TTI.

From a motivational viewpoint, Amsel's frustration hypothesis ma9
account for the distribution of errors. "irds 6n a 60 sec TTT develoo a

hinh level of fracticnal anticipatorv frustration. As- they work down to-
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ward a O sec ITI the amount of this frustration is reduced since a mis-
match does not delay the possibilit:y of reinforcement as long as it did
on the lorger ITIs. This loss of an;icipatory frustration reduces the oen-
eral drive 1evel and reduers matching accuracy.

However, the birds on the 0 sec ITI de?elop fractional anticipatory
frustration over fhé trials within a session. Any departurelfrom the O
sec ITT is frustrating and builds up the fractional anticipatory frus-
tration. The arovth of anticimatory frustration increases the ooneral

drive level and maintains matching accuracy.



42
References
Adler, H. E., & Dalland, Y. I. Spectral thresholds in the starlina.

Journal of Comoarative and Phvsioloaical Psycholoav, 1959.52,

438-445,

Bekesy, Ceora v. A new aurdiometer. Acta Cto-larvnsoloaica, 1947.35,

411-422-

Berryman, R., Cumming, W. W., & Nevin, J. A. Acquisition of delayed

matching in the pigeon. Journal of the Fxperimental Analvsis of

Rehavior, 1963,6(1),101-107.
Berryman, R., Cumming, W. W., Nevin, J. A., & Jarvick, M. E. Effects
of sodium pentobarbital on complex operant discrimination.

Psychopharmacoloaia, 1964,6,388-398.

Rerryman. R.., Jarvick, M. E. & Nevih, J. A. Effects of pentobarbital,
lysergic acid deithvlamide, and chlorpromazine on matching behavior

in the pigeon. Psychooharmacoloaia. 1962,3,60-65.

Blough, D. S. Method for tracing dark adaptation the the pigeon.
Science, 1955,121,703-704.
Rlouah, D. <. A method for obtainin~n psychoohysical thresholds from

the piaeon. Tournal of the Experimental Analvsis of Behavior,

e —— —  — -

1958,171),31-43.

Blough, D. S. Delayed matching in the pigeon. Journal of the Experi-

mental Analvsis of Behavior. 1959,2,151-160.
Blough, D. S. The study of animal sensory processes by operant methods.

In W. K. Honig (Ed.) Operant Behavior: Areas of Reasearch and Appli-

cation. New York: Appleton-Centurv-Crofts. 1966.
Roren, ™. C. P., & Gollub. T.. R. Accuracy of performance on a matching-

to-sample procedure under interval schedules, Journal of the Experi-

mental Analysis of Behavior. 1972,18(1).65-77.



43

Clark, H. B., & Sherman, J. A. Effects of a conditionad reinforcer
upon accuracy of match-to-sample behavior in pigeons. Journal of

the Experimental Analysis of Behavior, 1970,13(3),375-384.

Cohen, L. R. Generalization during acquisition, extinction, and

transfer of matching with an adjustable comparison. Journal of

the Experimental Analvsis of Behavior, 1969,12(3),463-474.

Cornsweet, T. N. The staircase-method in psychophysics. American
Journal of Psychology, 1962,75,485-491.

Cotton, J. W., & Lewis, D. J. Effects of intertrial interval on acquis-
ition and extinction of a running response. Journal of Experimentail
Psychology, 1957,54(1),15-20.

Cumming, W. W., & Rerryman, R. Some data on matching behavior in the

pigeon. Journal of the Fxperimental Analvsis of Pehavior. 1961,

ﬂ.’281-284-
Cumming, W. W,.,, & Berryman, R. The complex discriminated opefant:
studies of matching-to-sample and related problems. In D. I.

Mostofsky (Ed.) Stimulus Generalization. Stanford, California:

Stanford University Press, 1965.
Cumming, W. W., Rerryman, R., & Cohen, L. R. Acquisition and transfer

of zero-delay matching. Psychological Reports. 1965,17,435-445.

Cumming, W. W., Berryman, R., Cohen, L. R., & Lanson, R. N.. Some
observations on extinction of a complex discriminated operant.

Psychological Reports. 1967,20,1328-1330.

Cumming, W. W., Berryman, R., & Nevin, J. A. Search for an effect of

satiation on delayed matchino-to-samonle performance. Psvchological

Reports. 1965,16,645-652.



N*Amico, A., & Viney, W. Fffects of response force and intertrial

interval on extinction in children. Journal of Comparative

and Physioloaical Psvcholoay, 1972,80(2),349-353.

D'Amato, M. R. & O'leill, W. Matching behavior: Some methodological

problems. Rehavior Research Methods and Instrumentation, 1970,

2(4) ’162-164-
D'Amato, M. R., & O'Neill, %. Effect of delay-interval illumination

on matching behavior in the capuchin monkey. Journal of the Exper=-

imental Analysis of Pehavior, 1971,15(3),327-333,

D'Amato, M. R. & Worsham, R. W. Delayed matching in the capuchin mon-

key with brief sample duration. Learning and Motivation, 1972,

3.304-312,
Deets, A. C., !'arlow, H. F., & Blomquist, A. J. "ffects of intortrial
interval and trial 1 rrward during acquisitior of an objnct-

discrimination learning set in monkevs. Jourrnal of Comparativ~ and

Phvsiolooiral Psycholonv, 1970,73(3).501-50%.

Dixon, W. 7., & Massey, ¥, 7., Jr. Introduction *o “tatistical Ana-

lysis. Mew York: McCraw-Fill Eook To.. 1957.
Fckerman. ™. A,. lanson. %, .. ? ~u~minn, W. V. Acouisitior an< main-
tenanc: of matching without a rnogiir~d obscrving response. Tonrnal

of the xnerimental &nalvsis of “ehavior, 1968,11,435-441].

Elliot¢, D. N., Frazier, .., & Piach, ™. A'tracking procedure for

determining the cat's frequency dis~rimination. Journal of the

Txnerimantal Anal-'sis ~€ Tehavi~r, 1962, 5,222-229,

Etkin, N. W. Liqht nroduced interferenc~ in a delayed matching task

with capuchin monkeys. learning and Motivation, 1972,3,313-324,



45
Etkin, M., & D'Amato, M. R. Delayed matching-to-samnle and short-

term memory in th2 canuchin monkev. Journal of Comnarative arnd Phv-

siological Psycholony, 1969,69(3),544-549.

Evans, W. O, A titration schedule on a treadmill. Journal of the

the Experimental Analysis of Rehavior, 1943,6(2),219-221.

Ferrare. D. P., Francis, F. W., & Perdins, J. J. Ti¢trating delayed

matching-to-sample-in children. Developmental Psvcholoay, 1971,

5(3),488-403,
Ferster,C. R. Tntermittent reinforcement of matching-to-~sample in

the pioceon. Jourral of the Experimental Analvsis of Behavior,

Ferster, C. B., & Appel, J. R. Punishment of S respondina in matching-

to-sample by time out from positive reinforcement. Journal of the

Experimental Analysis of Behavior, 1961,4,45-56.

Ferster, C. B.,, Levitt, E. E., Zimmerman, J., & Brady,.J. P: The
measurement of hypnotic effects by operant reinforcement techni-

ques. Psychological Records, 1961,11,427-430.

Fields, L. H., & CGCluman, M. Avoidance behavior in trial titration

schedules in cats. Psvchonomic Rulletin, 1967,1(2),32.

Ginsburg, N. Matching in pigeons. Journal of Comparative and Phy-

siological Psychologv, 1957,50,261-263.

Glick, S. D., & Jarvik, M. E. Differential effects of amphetamine and
scopolamine on matching performance of monkeys with lateral frontal

lesions. Journal of Comvarative and Physiological Psycholoay,

1970,73(2),307-313.
Gourevitch, G.. Hack, M. H., & Hawkins, 7. E., Jr. Auditory thres-
holds in the rat measured bv an operant technique. Science,

1960,131,1046-1047.



46
Holt, G. I.., & Shafer, J. N. Function of intertrial interval in matching-

to-sample. Journa) »f the Experimental Analysis of Behavior, 1973,

19,181-186.

Jackson, W. J., & Pegram, G. V. Acquisition, transfer, and retention

of matching by rhesus monkeys. Psychological Reports, 1970,27,839-846.
Jarrard, L. E., & Moise, S. L., Jr. Short-temrm membry in the stumptail
macaquet effect of physical restraint of behavior on performance.

Learning and Motivation, 1970,1,267-275.

Jarvik, M. E., Goldfarb, T. L., & Carley, J. L. Influence of inter-
ference on delayed matching in monkeys. Journal of Experimental
Psychology, 1969,81(1),1-6.

Jernstedt, G. C. Joint effects of pattern of reinforcement, intertrial
interval, and amount of reinforcement in the rat. Journal of Compara-

tive and Physiological Psychology, 1971,75(3),421-429.

Jerome, E. A., Moody, J. A., Conner, J. T., & Gremler, W. Rate of
responding as a function of intertrial interval. Journal of

Comparative and Physiological Psychology, 1958,51,248-250.

¥amil, A. C.. & Sacks, R. A. Three-confiquration matching-to-sample

in the pigeon. Journal of the Fxparimental Analvsis of Behavior.

1972,17(3),483-488.

Killeen, P. The matching law. Journal of the Experimental Analysis of

Behavior, 1972,17(3),480-495.

Lindsley, O. R. "perant behavior during sleep: a measure of depth of
sleep. Science, 1957.126,1290-1291.

Melle, N. K. Alcohél effects on delaved matching-to-sample performance

by rhesus monkey. Phvsioloay and Behaior, 1971,7,77-101.




a7

Mintz, D. E., Mourer, D. J., & Weinberg, L. S. Stimulus control in

fixed ratio matching-to-sample. Journal of the Experimental Analvsis

of Behavior, 1066,2(6),627-630.
Moise, S. L. Short-term retention in macaca species following inter-

polated activi+y cduring delaved matching-from-sample. Journal of

Cornarative and Physioloaical Psycholooy, 1970,73(3).506-514.
Nevin, J. A., Curming, . W., & Berryman, R. Ratio.reinforc¢ment of

matching bzhavior. Tournal of the Txmerjmantal Analvsis of Rehavior,

1063,6(2),149-154.
Mevin, J. A., & Liebold, Y. Stimulus control of matching and oddity in

a pigeon. Psychonomic Science, 196%,5(9),3%1-352,

Miceen, Y. A, Wi, T. Z., R Rlum. 2. A, Analvsis of matching behavior

in chimpanzes. Journal of Comoarative and Phisinlonieal Pevrcholony,

1042,4) ,62-74,

Oldfield, R. C. Continuous recording of sensory thresholds and other
psycho-physical variables. Nature, 1949,164,531.

Prokasy, W., Crant, & Myers. Eyelid conditioning as a function of
unconditiored stimulue intensity and intertrial interval. Journal

of Fxperimental Psvcholoay, 1952,.5%,242-246.

Rachlin, H. Response control with titration of punishment. Journal of

the Experimental Analvsie of Behavior, 1972,17,147-157.
Roberts, W. A. Short-term memory in the pigeon: Effects of repetition

and spacing. Journal of Zimerimental Peveholoqv, 1972,04,74-93.

Scheckel, C. L. Self-adjustment of the interval in delayed matchinag.

Journal of Comparative an-d Phwejoloaical Peveholoagy. 1068,50( 3)

41%-41°,



a8
Schrier, A. M., Stellnitz, F., & Green, K. F. Titration of spatial S-R

separation in discrimiration by morkevs. Tournal of Tommarative and

Phveiolonical Psvcholoav, 1943,24(5),848-851,

Skinner, . F, "Cuperstition” in the pigean. Tournal of Fvperimental

Skinner, B. F. Are theories of l~arnina necessary? The Psvcholoaical

Paview, 10%0,57/4),103-216.
Snith, Lars. Delayed discrimination and delayed matching in pioeons.

Journal of t+he Eyperimon+tal Analvsis of Pehavior, 1947,10/6),529-%33.

Sbénce, K. W., & Norris, 5. B. Eyelid conditioning as a function of

the intertrial interval. Journal of Evperimental Psycholoay, 1930,

: ﬂ,7l6-720.
Stubbs, A., & Thomas, J. R. Stimulus change effects on matching-to-sample

performance. Psvchomonic Science, 1966,5(3),115-116,

Swnnés, D. Self-determination of critical flicker frequencies in monkeys.
Science, 1962,136,714-715.
Weinstein, B. Matching-from-sample by rhesus monkeys and by children.

Journal of Comparative Psychologv, 1941,31.195-213,

Weiss, B., & Laties, V. G. Fractional escape and avoidance on a titration
schedule. Science, 1958,12%,157%-1%76.

Wright, D. C., French, G. M., & Riley, D. A. Similarity responding
by monkeys in a matching-to-sample task. Journal of Comparative

and Physiological Psvcholoav, 1968.65(2),191-196.

Wunderlich, R. A. Titration and double respbndinq as technigues pro-
moting proficient learning in retardates. Yournal of Experimental

Child Psycholoov, 1971,12,279-298,




49

Zentall, T. R. Memory in the pigeon: Retroactive inhibition in a

delayed matching task. The Bulletin of the Psvchonamic Society,
1973,1(2),126-128.
Zimmerman, J., & Baydan, N. T. Punishment of S responding of humans

in conditional matchina-to-sample by time-out. Journal of the

Experimental Analysis of Pehavior, 1963,6!4),589-597,

Zimmerman, J., & Ferster, C. B. Intermittent punishment of S respond-
ing in matching-to-sample. Journal of the Experimental Analysis
of Behavior, 1963,6(3),349-356.



	Eastern Illinois University
	The Keep
	1973

	Titration of Intertrial Interval in the Matching-to-Sample Paradigm
	Gregory T. Hochstetter
	Recommended Citation


	Hochstetter scanned.pdf

