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Abstract

The central question of this thesis is how the temporal distribution |

-of stimulus-reinforcer pairings affects an animal's tendgncy to
rcg'ard the stimulus as a lilgnal.' The effoct of trial (stimulus-
reinforcer) spacing was studied ina litlua-tion where a brief koy
light i; paired with food presentation in the absence of any reaponu;'.
coﬁtingcncy (autoghaping). ﬁ;l tl;c intertrial interval {ITI) decrcascs
in duration from 290 to 20 seconds, the number of trials rcquirgd
_to initiate ﬁcckiﬁg in naive, hungry pigeons reliably increasecs.
Several theoretical -accounts argue that acquisition is s'llowcr
" with short ITI's because each trial is suﬁjcct to intcrfc rence from

the events immcdiatciy preceding or following that trial. Thc possi-

bility of such local interference was examined by placing stimuli or

r_cin.fo:"ccrs diréctly before or after each of a series of widely spaced:

.trials. Although f!.cquisiti.on was reduced, it was not reduced to the
level obtained when all trials “;erc closély spaced, Further, the
proximity of thc‘addcd's-timuli or reinfor;:cru to the trial was found
to have no cffect on acquisition, These results indicate that the
apacing cffect cannot be entireiy explained Ey interfcrence from
stimuli or reinforcers in close temporal proximity to trials,

Since the immediate context of trial presentation is inadequate

to explain the entire spacing effect, subsequent analysis focused on

the overall patter.h of trial spacing. The separation of trials by long,.
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"event-free 1nﬁoryall or waiting j:crlodl; scems to be essential to

*,

Tas

rapid pcék acquilition On logical and thcorctical groundl. thrce

charactcrilticn of waiting periods are cxpcctod to be important to I"

cifective wa.iting periods: (1) the number o!. waits and thoir positl.on
: Y

\
in relation to trials, (Z) the boundary events which define waits, ‘1‘

¥

and (3) the stimulus context in which waits og:cu_r. Experimental -

‘manipulations- of the number and position of waits showed that peck

a.cq_uisiﬂon was equally_ rapid whéthcr trials wcx"e‘ clustered in closely
qucéd t;idcks or unifc;rmly distributed across a .lqng experimental
scs8eion; howeveor, a sinﬁle long ;va.it was not sufficient to produce
rapid peck acquiaition‘in a subscquent serics 'of closely spaced trials.
The boundary events which define cffective waits were cxplored in

an experiment where only on;a trial occurred in cach autoshapi'rig
scssion. Peck acquisition was rapid when th‘c singlc‘trial occurred

-

in the middle of a long sericas of widely spaced reinforcer prescnta-
tions, but aiow when the trial occurred in the middle of clt:;sél;r
spaced reinforcer presentations. Fina‘lly,_- the imﬁortance of a'timulus
context was experimentally tested by arranging for the presence or
absence of long walts in the stimulus situation which constituted the
background for trial f:rescnta,tion. :Pecking to the key light deveiopcd
rapidly only in animals which experienced long waits in the stimulus
situation pres;ﬁt during autoshaping tria‘ls. el

The prectding results indicate that the development of a
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signalling stimulus is af{ccted to a considerable extent by the conditions

of waliting pcriddi, Rapid peck acquisition requires an alternation

-.-

between trial.- or reinforcer prcteq}aﬁ'ons and waiting'pcri_.odl, in the ,'
ltimul_.ul situation. Although other a\;b_guntl are not excludéd: th'g
prciént -rusultl are consiltcﬁt with theo;;tical in(arpretaﬁons thch o _l
.argﬁc that the spacing cifc'ct results {rom d‘i.ffcrcnr:ial:, oppc;rtuﬁ-i.ty

{for thc.cxtinction of competing au-aoc_iatioris. Long .in.tczjtri._al o.r-‘ )
inter-reinforcer intecrvals a.l_low.‘.consi_.dc'rablt‘s time {or the extinction

3

of stimulqd- or 'rcaponse-rcinhr{er associations which }vould interfcrc

-
N

" with the dcvclopmé nt of pecking to-trﬁa_kcy-l-,igixt stifnulus. ) "In.ccintrast.-
short intertrial or ipte r-reiﬁforccr intt;rvala- minimize th.c time
available for cé:tinction of competing asaocia:ti‘ons, and conscquently,
regponsc acquisition is slow, Alterr:.ésti.ve‘lly. the present rc'sults

rﬁay be .explaini:d by a thq'orc.tical account which holds that ttc
development of a aigna.lling stimult;s is directly relatcd‘ to tl;_e duration

of reinforcer-reinforcer intervalb.
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INTRODUCTION

A fundamental problem in the study of animal learning is how an
, s | _
animal comes to regard a neutral stimulus as a signal for a reinforcer,
or unconditionaily effective stimulus, Many factors are known to
influence the development of the signalling relationship. The present
thesis is directed to a systematic study of one of these factors, namely
the temporal distribution of stimulus -reinforcer pairings.

In the traditional Pavlovian conditioning arrangement, the

temporal distribution of stimulus-reinforcer pairings is known to

affect the development of conditioned responding, -When stimulus -

reinforcer pairings are closely spaced in time, acquisition is generall‘iy

retarded and response probability is often lower than when pairings

aré more widely spaced in time (Gormezano and Moore. 1969; Mitchéll.
1974). In many respects, autoshai)ing resembles theé; traditional
conditioning situation.s. In naive pigeons, regular pairings of a brief
key light ;nd food lead to the deve‘lopment of pecking in‘th\e absence

of any explicit response requirement (Brown and Jenkins, 1968). .

Stimulus -reinforcer contingency is critical to the emergence of pecking

{(Gamzu and Williams, 1971; Bilbrey and Winokur, 1973); and the

_ topography of the conditioned response is often similar to the consum-

matory behavior appropriate to the reinforcer (Jenkins and Moore,

1



197341). Given the general corzjespondence between autoshaping and

traditional Pavldvian conditioning, it is not surprising to find that close

tempofal spacing of key-light -food pairings retards th‘e acquisition of

autoshaped keypec};ing (Terrace. Gibbon, Farrell, and Baldock, 1975;

Perkins, Beavers, Hancock.. Ht.arnmegdinger. I-iemmendinger, and
Ricci, 1975; Griffin, '1975; Martin and Golinko, under review).

+ Since the original demonstration of autoshaping, considerable
research has toncerncd the role of stimulus-reinforcer correlations
;n producing directed, skeletal behavior. Several recent papers
have discussed theoretical accounts of such l;ehavior {(Moore, 1973;
Hearst and Jenkins, 1974; Williams, personal communication).
A‘lthough the proposéd explanations of autoshaping differ in important
respects, all seem to agree that an analysig of the phenomenon involves
tw§ -separa.te problems.. The first problem concerns ‘the stimulus -
reinforcer relations which are s;.r.fficient to establish a stimulus as a
signal for behavioral change; the second problem concerns_the factors
which determine the topography of behavi_or in the presence of a sig-
nalling stimulus. The experiments to be reported in this thesis focus
on the first of‘ these two problems.

The present ex.periment's explore the pro-cesses underlying the
spacing effect in autoshaping. The specific question of interest is how

the temporal distribution of stimulus-reinforcer pairings affects an

animal's tendency to regard the stimulus as a signal, No satisfa.cfory



answer to this question has emerged for the traditional Pavlovian
_conditioning situation, although considerable experimental work has

been devoted to the problem {Prokasy and Whaley, 1961; Kraus and |

Prokasy, 1963; Prokasy, 1965; Mitchell, 1974). Thus the present
experimental analysis may contribute to 2 general understanding ¢f

how a stimulus becomes a signal in Pavlovian conditioning arrange-

ments.
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THE’ IMMEDIATE CONTEXT OF TRIAL PRESENTATION -

P

4l

Theoretical Accounts: Pre-trial Interfe'rcnce

~= Anattractively simple type of explanation of the spacing effect

e

would be one in terms of ‘interference from local events. Logically,

. this Eyp;e of account derives from the observation that the immediate
context of a singie stimulus-rginforcer pairing (trial) is quite different
in différent trial spac‘ing.‘conditions. When trials are closely spaced,
each trial is preceded and followed by other trials;' in contrast, when
trials are widely spaced, each trial éccurs in relative isolation from

/other trials. It is possible that the effectiveness of a trial is reduced
if other events occur in close temporal proximity to that trial. The
important other event could be a stimulus, a rein.fbrcer. or a stimulus-.
reinforcer pairing. If this notion is correct, response acquisitioh is
slow with short intertrial intervals because ecach trial is subject to
interference from events associated with adjacent frials. Separating

trials by longcr'tifm; intervals leads to more rapid response

acquisition because the opbortunity for such local interference is



\\\/': .

mihimiied. For convenience, theoretical explanations of this type will
be referred to as local int_erf.e rence accoimts;

There are several reasons to suppose that local interference
might be sufficient tc; explain the enti;'e spacing effect. Let us first
consider how conditioning might be disrupted by events occurring just
prior to a key-light - food éairing;‘ Logical consideration of the experi-
mental arrangement suggests that either stimulus -.presentations or
food presentations might be responsible for local interference. These
logical possibilities may be conceptualized thgoreticaliy in several
ways. Food presentations immediately prior to a trial might retard
acquisition because food-related cues compete with an external stimulus
for association with subsequent food presentation. This interpretation
argucs that food presentation produces internal cues which persist for
some period of time and may serve as discriminative stimuli. If a
éhort time interval separates one food presentation f{rom another, the
animal may associate cues arising from the first reinforcer with th‘é
occurrence of the se-zcond reinforcer. Thus, if a trial is immediately
preceded by a food presentation, the animal may form a stronger-
association between food-produced cues and the next trial reinforcer
than between the trial stimulus and trial reinforcer; in other words,

food-produced cues might overshadow the external trial stimulus as a

signal for future food. In such a situation, one would observe that



behavi.or was only weakly controlled by the external stimulus. ‘According
to this explaﬁation, a short inter‘trial interval (ITI) retards response
acquisi'tion ‘because food-produced cues arising from trial n-1 compete
with the stimulus on trial -n for association with the; reinforcer on trial
n. In cAontrast, .a long ITI leads to more rapid acquisition because
the food-prgduced cues from trial n-1 do not persist foz; a sufficiently
long time to overshadow the “stirnulus. on trial a.

Thé strongest empirical support for this interpretation comes .. i
from a study reported by Egger and Miilér {1963). In the first phase
of their experiment, rats were trained to press a lever for food pellets.
In the second phase, the lever was :;-etracted and an external stimulus
was paired with the delivery of food pellets. For one group of ratg,
only the external stimulus signalled the delivery & foad (si}nple condi-
tioning), while for a second group, the stimulus-food pairing was always
precédcd by the delivery of a food pellet (stirnulus redundant). The
effect of these pairing procedures was then te.sted during extinction of
the lev;r-press response. The lever was reinserted, the food delivery
mechanism was disconnected, and responses broduced only a brief
presentation of the external stimulus. Rats m the simple conditioning
group made more responses in this extinction arrangement than did
rats in the stimulus redundant group, presumably because the stimullus
was a weaker secondary reinforcer in the latter group. -Egger and

Miller dif‘a“c'uss these data in terms of the informativeness of cues, but

- ~



their interpretation does not differ subs-tantially from tl"[e ov'ershado,wing

.analysis outlined above. These results.suggest that food-produced cues

- can indeed compete with e:\;.ternal_ stimuli for association with subsequent
reinforcer occurrence.

Thus, food presentations preceding each trial might disrupt con-
ditioning in'a short 1TI situation by overshadowing the trial stimulus.
However, prior food4§resentations cbul& retard responé—e acquisition
for another r;zason. Catania (1973) has discussed some evidence which
suggests that reinforcer presentr;tionsu inhibit oper/ei.'ét responding in
concurrent schedule arrangements. Reinféi:cer p‘resentations might
aiSO inhibit pecking in the autoshaping situétion. If this inhibition is
con;:eptualized as a tr:;.lnsient effect, strongest just after food presen.ta-‘
tion and diminishing subsequently, réin.forcer-proc.iucred inhib-ition cguld
Be ;',esp'onsible for the spacing effect. According to thisw interpretation,

- A
close trial spacing retards acquisition because inhibition generated
on trial n-1 interferes with responding on trial n. A long tirn‘e interval
‘between trials permits the inhibition generated on trial n-1 to decline
before the occurrence of trial n; hence, response acquisition is rapid.

The preceding discuslsion hgs dealt with theoretical reasons to
expect d}s rjuption of coqditionirig dqe to re@iiforce rs occurring just
before each trial. Let us now briefly consider how stimuli occurring

before each trial might produce a similar effect. Sokolov {(1963)

describes several psychological effects ‘of stimulus presentation which

P



are of interest to the present issue. Stimulus presentation frequently
elicits an orientation reflex which serves to enhance the animal's

contact with that stimulgs. Repeated stimulus presentations lead to

-

habituati,o/n.\ or in the term:.no'l‘c?gfy of Sokolov's report, extinction of
/ e .
g T . ‘
the oriénta‘t‘i’on reflex. Moreover, habituation of the orientation reflex

'to a particular stimulus hinders the development of a conditioned

response when the habituated stimulus is s'x.}bgequently paired with a
B - N
reinforcer. If orieﬁﬁation to the lighted key is necessary to the devel-
s e

]

opment of approach and peckir?éf:in the autoshaping situation, then
habituation of this response in a short ITI condition could account for

the spaciﬁg effect. Since the rate of habituation is generally known to

decrease as the time between stimuli increases (Thompson®and Spencer,

-

1966; Davis, 1970), a 1o_n“g ifterval between trials presumably miniLn_izes

-
t' *
e
-"

habituatio_n‘_bf the orienting response and thus allows rapid peck acquisi-

tion.

Theoretical Accounts: Post-trial Interference

Within the domain of local interference accounts, another logical
possibility is that interference arises from events immediately following
each trial. Post-trial intérference accounts assume that a trial
initiates some activity essential totlearning which perseverates into

the intertrial interval, but is susceptible to disruption. The activity
iy A

i -

initiated by a trial may b€ tharacterized as either physiological or

S
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cogﬁitivc'. .Consolidation t;heory deécribea the perseverative activity in
térms of biochemical or pe‘urblogical processes (Glick-m::n, 1961). Th'ia
ai)p'roéch has received considerable experimenté.]. aueﬁtion‘as an account .
for retrograde amnésia produced by eleq_tg_pi:onvu_]tsi.ve shock, hyp'other'mia

or various drug treatments., Papsdorf and his associates have shown

that less severe stimulus events can retard classical conditioning of -

nictitating mqfnbrane responses in the rabbit and have interpreted

such results in terms of consolidation disruption (Kettlewell and

Papsdorf, 1967; Papsdorf and Kettlewell, 1968; Synder and Papsdori,

‘1968). However, as Ost (1969) points out, the design of these experi-
ments is not ad;aquate to exclude other accounts.‘of the data such as
generalizafion decrement or reactive inhibition,

Cognitive characterizations of perseveration describe the activity
following a trial as sérr;e sort of rehearsal of immediately preceding
events. Wagner, Rudy, and Whitlow (1973) emphasize this type of con-
ceptualization in a report of their ‘experiments on p'os.t-trial interference.
These experiments used rabbits in an eyelid qonditi;ning Ssituation, In
the ke)-r experiment (Experiment iI), the rabbits first received discrimi-
nation training where the positive éfimulus ‘(.A-+) was always rein.forcedl
bY shock and the negative stimulus (B-) was never reinforced by BhO(;k.

Y
After the discrimination was learned to a criterion, the subjects were-

divided into four groups for conditioning to stimulus C, always followed

by shock. Throughout acquisition in all four groups, the pairing of



stimulus C and shock was followed immediately by a post-trial episode. ;

In two of the groups, the poat-trial episode.consisted of a stimulus,

~

erither'A-P or B-, reinforced as it was in the initial discrimination ph
in other words, for one grc\mp.. the post-trial‘\.episode co
reinforced, while for the other group, lst-«‘t'rial' episo&e.consiste'd
hus, in these groups, the stimulus relation-

ships in the post-trial episode were congruent with the stimulus rela-

tionships learned during discrimination training. In the other two
the post-trial episode consisted of a stimulus,

y reinforcer

one group received A+, non-reinforced in the post-trial episode, while

+ or B-, ‘with

on reversed from the initial discrimination; i.e.,

the other group received B-, reinforced. - Thus, for these groups, the

stimulus relationship"s in the post-triai'episode were incongruent with

the stimulus relationships learned during discrimination traininL//

The results of this experiment showed that acquisition of a
conditioned reéponse to stimulus C was much slower when post-trial
episodes were incongruent than when they were congruent with discrimi-

nation training. Although, as the authors mention, these results could

be described in terms of consolidation theory, Wagner et al. choose to
= ‘

discuss the"c‘iata in terms of a cognitive perseverative act1v1ty Theu'

I

interpretation- procedmuwmﬁmmmbmrm’a//
&

the event sequence must be in sane sense surprising to the animal, and

some period of time must be available immediately after the event for

-
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information processing or rehearsal. The animal's rehearsal capacity

v 0

is. engaged to the extent that events are surprising. Presumably, the

r_ej"p.forced occurrence of stimulus C was surprising to all animals in

the experiment just deacribed, *s% the question of interest was the

extent to which post-trial épisodes would compete with trial events for
rehearsal capacity, Wagner et al. argue that post-trial episodes

congruent with discrimination learnihg had little effect on the acquisition

of‘stimuius C because, being expected, they engaged little of the animal's

rehearsal capacity. In contrast, incongruent poiat-triz_!.l episodes

o

perseverative activity, the results from the study by Wagner et al,
indicate that some dis ruption-free interval after a trial is important
to learning. It should be noted that, except for extreme trecatments _

{e. g., electroconvulsive shock), the class of events which will dis rupt

N CE

" _ post-trial processingmay be limited to unexpected sequences. A

S pos'éibility of considérable interest is that the trial spaéing effect might .
/ ¢ understood by an extension of this theoretical conceptualization. To
’ pursue such a possibility, one must assume that identical event sequences

¥
may interfere with their own processing. Post-trial episodes in¢onsis-

tent with the animal's conditioning history are demonstrably effective

!
as unexpected event sequences which disrupt perseverative activity.



5t exposed to a series of trial prescen-

[

tations, each trial is ap-Gnexpected event sequence. Thus, trial n +1

.might constitute of .disrupting perseverative

\

activity initiated on trial n. If this assumption is correct, then a L

ost-trial episode capable

4

1

short’intertrial interval retards conditioning because the procedsing

/initiated on trial n is disrupted by the immediate occurrenqé of ‘trial

4

n+ 1. A long intertrial interval favors rapid conditioning becausec the

-

processing initiated on trial n may perseverate over a longer time

period before trial g+ 1 occurs.

An Experimental Approach to Local Interference Accounts !

The Rfécedihg discussion suggests several theoretical reasons -

to expect that Stimuli or reinforcers occurring in the immediate vicinity

9

. - of a ttial interfere with conditioning and are responsible for the lower

v

léve_ll";cknf'-aéquisition that is found with closely spaced trials. Accordingly,

4

‘the fir-st sleries of exberim'ents is planned to test the possibility of
local interference.

The clla.ta to be reported presently came from lfive separate experi-
ments, These‘five e';cperiments are quite similar both in prc’:cedﬁre and
in the peneral logic of C;Mch experiment includes two refere_:nce
groﬁps where trials which consist of key-light -food pairings are sepa-
rated by either long or short intertrial intervals. .- These groups are

, :
referred to as the long and short ITI reference groups. They provide
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the basic comparison for demonstrating the spacing effect. Therefore,
they permit a replication of earlier results as well as providing re-
ference data against which other experimental manipulations may be

assessed. -In other groups {experimex:xtal gi:ou'ps), key-light -food pairings

are separated by long intertrial‘interva‘ls; and events which might inter-

P
P

fere witb cbﬁdit‘ioning are placed immediately before or after each
trial. The additional events are placed so that they occur at the same
rate as in the s.hort_'ITI reference condition. If the spacing effect is
completely explained by interference from pre- or post-trial events,
the acquisition in some or all of th.e experimental grows should be as
slow as 'inlthé short ITIL referencé group, and‘ much slower than in the
long ITI reference group.

Within each autoshaping condition, there was considerabl‘e_ varia-
bility‘i-n both a'cquisition and ;nairitenalnce of pecking to the key-light
sti_.rﬁ‘r'x_l;s. When this variability was su.[ﬁciently extreme to produce
some question about the interpretation of results, thé doubtful conditions
were replicatea. As a conseqﬁehce ‘af proceding in this manner, not
only the reference conditions, Eut also various ;:xperimental conditions
were repeated in separate experiments. Comparisons of data com-
bined from ;pp.ropriate groups across all fivé experiments leads to
ver)} clear conélﬁsions about the role of local inlterfelrence in the trial -

-

spacing effect. However, such an analysis-raises the question of ‘,J

whether the combined data reflect accurately the results of each

e m e —— -
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separate experiment. Since the results of the first five experiments |

-~ .

will be presented in combined form, thiﬁs'question merits some special

attention. , o S 4

M
- - t - ‘\ . - - - - N
With the exception of the experimental-manipulations, the’ same

training conditions and equipment . were used in all five experiments.

Since the reference conditions were’ repea;gd in each experiment, the
, | .

crucial comparisons never involve groups from separate experiments.

Further, examination of the data within each experiment leads to the -

same conclusions as examination of the combined data, Increasing the

number of animals in a sample increased confidence in any particular

outcome. Replications never led to results which were extremely‘

1

discrepant from the results of ea'rlier experiments, -alti'lxough di‘ffe_renc.;s
in levels of pecking did occur across experime;xts.

The development and rhaintteﬁance of pecking were analyzed in~
te‘rm.s of a variet.y of measures, including various acquisition criteria,
response rate, and response prob%bility. The primafy concern was to
select measures \yhich reliably differentiated tht?'Iong and short 1TI
reference groups. The measures which satisfied this"purpose were p
then used to assess the effect of the various experimental manipulations.
Once pec‘k-ing was initiat.ed. no measure consistently'digferentiated

groups across all experiments. I;Iowever. in contrast to maintenance,

differences in acquisition were highly consistent across experiments.



The. presentation of the first five éxperiments is organized in

terms of the empirical and theoretical issues which are of primary

interest. We consider first thé possibility that events immediately -
prec@&ing each trial interfere with conditioning on that trial. Next, we
consider the passibility that events i\h':mediately following each trial

interfere with conditioning, and finally, we consider the combined effects

of events before and after a t

1

e



EXPERIMENTS I-V.

Pre- and Post-trial Interference

General Method

Subjeﬁts-: Subjects were 138 experimentally naive White King
pigeons, approximately one year of age. The sex of the birds was not
determined. All birds were maintained at 75% of their free—feed’ing
wéightﬁs and Rad Purina Pigeon Checkers both in the home cage and |
during experimental sessions. Six birds were discarded from the ex-
perimeﬁs\dmn they failed to eat from the food hopper after manual
training.

' APEaratLis: Six "sta::.mdard Lehigh Valley operar.xt: conditiopiﬂgmers
for pigeons were used. On the response panel.in each chamber were two
square keys, each 3.2 x 3.2 cmn. The two keys were located 0.6 cm.
apart and centered on the response panel 25.8 cm. above the floor of the
chamber. During the present experiments, the right key was completely
covered by an opaque ca[rd. In the center of the left key was a dot, 0.6
¢m. in diameter. .wh'ich could be iighted red. About 14 grams of pres-
sure on the center of the ’key was sufficient to close the electrical
circuit and record a response. Tl'.xe opening to the grain hopper was
iocated 10.3 cm. above the floor of the chamber and centered on the”
response panel. During sessions, the chamber was continuously lighted

by an 1820 lamp operated at 32 volts DC. The lamp was housed such

16
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that light was. dire-cted‘to the ceiling; the houselight was centered on the
response panel 34.§ ¢m. above the floor of the chamber. White noise

at 80. DB was supplied continuously during.sessions by a spe;ker 1.7 cm. ‘
in-diameter located .on the response panel 12.9 cm. above the floor of

the chamber and 6.4 cm. to the left of the grain hopper.

Hopper training procedure: In Session 1, each bird was placed

-

in the experi{%ental chamber for 50 minutes during which only the house-
*
light and white noise were operated. In Sessions 2-16, all birds received
automated hopper training. The food hopper wax raised for 4 s;zconds
at interval's which varied fron;n 12 to 132 seconds (-)-C- =175 s\econds).
Seven different temporal orders of hopper presentation were used; no
order was repeated on two successive days, and a given order wis used
no more than 3 times. A session lasted for 50 minutes, and the mean
number of bopper presentations was 40. The birds were run daily and
fed whatever necessary to maintain their weight at 'the'en.d of e;ch
sess—ion.

The birds were observed on Session 3 or 4 of the training proce-
dure. Birds which were not eating from the hopper were given manual
training as follows: A small amount of food was placed on the floor of
the chamber, and the hopper “;as raised and heaped full of food. When
the bird began to take food from the hopper, it was allowed to eat for

at least 20 seconds; the hopper was then lowered and raised again almost

immediately, and the bird allowed to eat for 6-10 seconds. Over the
. Ty



18

next 10-15 minutés, the duration of hopper presentations was gradually
reduced and the duration of the in;er-;einf;)i-cement intervals was
gradually ipcreased until eating was maintained by the hopper presenta-
tion schedule outlined above. If at any point in this manual training a ,
bird did not eat for 10 minutesv, the session was discontinued, and the
bird was not fed in the home cage. This procedure wés continued until
o ’ -
the bird started eating from the hopper.
After manual hopper training was completed, and all birds were
eating readily from the food hopper (about Session 14), the duration of
) ‘._t‘h.e hopper presentation was reduced from 4 to 2.5 seconds. All birds
were observed 'again in the last one or two sessions of the training conai-
tion to 'c;onfirm that all were eating readily from the food hopper.
Autoshaping procedure: For all groups, a trial consisted of

\\
illumination of the red dot on the response key for 8 seconds, followed

immediatel_y by a 2.5-second hopper presentation. I& the short ITI
reference condition {Group S), trial onsets were separated by 30-second
intervals; the iﬁtertrial interval wa's 19.5 seconds, and at the begir;ning
of each session, the onset aof the first trial occurred 30 seconds after

the onset of the houselight and white ngise. In the long ITI reference
condition (Gré;up L), trial onsets were separated by_300-$econd intervals
so that the intertrial interval was 289.5 seconds, and in each session

the onset of the first trial occurred 300 seconds after the onset of the

houselight and white noise. The two reference groups never received
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event presentations between trials. In the experimental groups, trial

onsets were separated by 300-second intervals, and: unsignalle'd rein-

forcers or non-reinforced stimulus presentations were schedulc;d

- during the intervals between trials. | In each session, the first trial

occurred 300 seconc}s after the onset of the houselight and white noise.
Key pecks were recorded, but never had programmed consequences.

For all gro-ups. a session consisted of 20 trials; all 'groups were run

ciaily for 1/2 sessions. The pigeons- were fed whate';rer necessary to

maintain their weight immediately after the daily session.

Experimental Tests: Pre-trial Interference

Thé experimental arrangements reported below test the possibility
that events placed immediately prior to trials intexl'fe re with conditioning.
‘Figure 1l shows the arrangement of intertrial intervals and intertrial
events for each of the six groups. Two reference groups received trials
sep.:arated by either long or short intertrial intervals. Two experimental
groups received trials Ls_;_eparated by a'long ITI, but either reinforcers
or non—x;einfor.ce:‘d s;imt;lus presentations occur immediately before each
trial. If the spacing effect is due entirely to dis 1.'uption produced by
pre-trial events, then peck acquisition in one or both of these experlmental
groups should be comparable to acquisition in the short ITI reference
group, and much slower than acquisition in the long [Tl reference group.

[

Two control groups receive extra events randomly placed in long

.y ey et A i o i TN s v Bl P o bt it n -
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intertrial intervals. Comparisons among the reference, experimental,
and control groups will indicate both the effect of adding extra e‘v.c-:nts
- to the long ITI situation and the importance of placing these events in

close temporal proximity to trials.

Autoshaping Conditions

'In addition to the reference Groups L and § (Figure 1, a. and b. ),
there were two exiﬁerimental groups and two control groups. These
latter four groups received trials, that is, key-light - food pairings,
at a fixed interval, once every 300 seconds. The before-trial reinforcers
group (Group RB, Figure lc.) received 2.5-second reinforcer presenta-'-
tions placed 120, 90, 60, and 30 seconds before the onset of each trial
reinforcer. The .b‘efore-trial stimuli group {(Group SB, Figure le.)
re-i-'j"eived 8-second illuminations of the red key light 90, 60, and 30
seconds L'leforé the onset of each trial stimulus. In the two control groups,
four 2.5-second hopper- preéentations {Group RR, Figure 1d.), or three
8;second kéy-light illuminations (Group SR, Figure [f.) were placed
randomly in the intertrial interval. The locations of these randomly
placed events varied after every trial with the constraints that (1) events
could not occur 19.5 seconds Before or after a trial and {2) an event
could occur in a given 30-second segment of the intertrial interval no
7 rﬁore than f‘éur_ times within oﬁe session. The secohd constraint had

the effect of producing a distribution of events across the intertrial

s
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Figure 1

Diagram of autoshaping conditions for
reference, experimental, and control
groups involved in pre-~trial interference
tests described in Experiments [-V.



21

) ~ NOILVLNIS3Yd Q004 995-G'2 = ]

(9=u) < - \ | 1
¥4S dNoy9 || _l_ || I_ |
I 7 TR ¢ 2 _ TViNL
(9=u) < ! o L
gS dNo¥o - U L -
IYEL € 2 _ WYL
L, (2= u) . -« | | i 1 P 1
.HH dNOY9 NERE
(81 = ) < i 1 -\\ 1 1 |
84 dNOoY9 |
. f - 9 ‘d .
(0g=0) < 1 1 | i 1 1 1 1 1
S dnowo -y U U u U L
~| l4—
998 Og mMmml
: « SPU023s O0¢ >
- (0€=Y)  |HoP 42 1 ‘ _
7.dN0YD . a3y O _l | _ |

SNOILIONOD 9NIdYHSOLNY



L

.22,

interval which was roughly uniform within one session. The number of

birds in each autoshaping condition is shown on the right side of Figure I.

Result's ‘
‘The reference groups in individual experiments differed more
reliably in a;:quisition than in post-acquisition gerformance. The follbwf-
ing account therefore emphagizes the characteristics of acquisition. The
effect of trial spacing on the development of pecking is illustrated most
clearly in a trial-by-trial analysis of responding. Figure 2 shows such
an analys‘is-fc_or the reference Groups L and S ’ovér the first 40 trials
(two sess;'.ons.} of autoshaping. Although this figure shows th.ree measures
of pecking for each group, for the moment, we shall consider ‘orﬂy the

. Ve
proportion of birds making at least one peck on trial n, or the peck

.. probability on trial n.

As indicated in Figure 2, the long and short ITI groups were
about equal in the pr’obability of a key peck during the first stimulus
presentation. After Trial 1, however, the prﬁbability of pecking diverged

quite rapidly. Within the first session, most of the birdsi\‘in Group L

‘ bégan pecking regularly to the trial stimulus, while birds in Group S

showed little or no pecking. At Trial 40, peck probability was 0. 70
for Group L and 0. 17 for Group S. Clearly, a long intertrial interval
led to the initiation of persistent pecking in fewer trials than a short

intertrial interval.



FiEure 2

h ]

Trial-by-trial analysis of the development

of pecking in the first 40 trials (two ses sions)
of autoshaping. This graph shows data for
the two reference conditions used in
Experiments I-V.
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Figure 3 shows similar data on acquisition for tl}% experimental

and control groups. In the two experirr.uentalqgroups. ‘RB and SB, pecking

-

to the trial stimulus began within the first two sessions for about half .

of the birds. At Trial 40, peck probability was 0. 38 for Group RB and

0. 50 for Groul:; SB. Similar acquisition performance was evident in the

two control groups, RR and SR;D;_.vhere peck probabilities at Trial 40

-.: - ﬂ... ST W ) . ‘- .

were 0.42 and 0. 50, respectively. Peck acquisition-in the experimentali
‘and control groups was somewhat slow compared to reference Group L,

1

but 'substanftially better than ;lcquisi:t'ion in reference Group S. As long

as trials were separated by long intertrial intervals, reinforcers or
ted by long

» 5
- s

key-light stimuli bccur"r‘ing in the ITI did not gtdatly interfere with the
developr"pent.of pecki‘ng. Moreover, placing these extra eve_nt‘s just |
before edch trial was no more detrimenté.l to peck acquisition than
placing the events randomly in the intertrial interval.

' Tflle ;;rob'ability of pecking on trial n is a2 measure which gives
a fairly direct indication.of the develﬁpme‘nt and maintenance of pecking
within any particular group. . It'.i's therefore of some iritefest to see the

.relationship between this measure and other, more convenient measures

s 2

which might be taken as indices of peck acquisition. Accordingly, two

te

other measures were used to eyaluarte the emergence of pecking. For
both measures, an individual bird was judged to have acquired pecking

on the trial when that bird reached a response criterion. In one case,
. . o

>

the response criterion was at least one peck; in the second case, the

¢



Figufe 3

Trial-by-trial andlysis of the development

of pecking in the first 40 trials (two sessions)
of autoshaping . This graph shows data for

the experimental and control conditions in-
volved in pre-trial interference tests described
in Experiments [-V.
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criterion-was at least one peck on each of five consecutive trials. When

using the second measure, the first of the five trials with a peck wa
v )

~

taken as the trial where acquisition was complete. "_Figures-Z and 3 show
cuézlative'distribution of botl; .;.hese acquisition measures for-éachl
group. : I ' .-«}"

. . N m ) . ) . .

!f Within each autoshaping cqnditionf the five-trial acquisition

‘criterion cc;fresponds fa.‘i\rly‘ closely to peck prob_abiﬁty at any. gi‘ve'n
trial. In contrast,” thc;. one-trial: acql.:“i_s‘itioh.criteric;n,is sometimes
quite discrepant with peck probébiiity; the'cumulatiye pfoéo:tion of
birds which made at least one peck rr':a.y be fnuch Highér_ than the pro-
portion of birds actually pecking.at any{\given trial, | ‘These observations
sulggest that the five—'trial_acquis_ition c.r;tg rion may b'e taken as a valid

and sensitive indicator of peck.ing.v'vithin any particular autoshaping

group.
Table 1 summmarizes acquisition performance for each grbup in’
terms aof the proportion of subjects’ reaching the five-trial criterion and

the median and range of the distribution of criterion scores. Within _

all groups, acquisition performance was quite variable. Across groups,
five-trial criterion scores tended to have a bimodal distribution; birds.
either met the acquisition criterion within the first 60 trials (three

sessions} of autoshaping or did not reach criterion within the limits of

the experiment (240 trials). Eighty percent of the birds fell into one
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Table 1

I

Summary of Acquisition Performance for Reference,
Experimental and Control Groups in Pre-trial
Interfarence Experiments.

Tea— i
o

.Proportion of Trials to Criterion of Five

Birds Whicl~ Consecutive Trials With One
Meet Criterion or More Pecks (Birds Not
Within 240 Trials Meeting Criterion are Excluded)
Median Range
Group L 0.93 9.5 1-108
{n = 30) '
Group S 0.70 : ' 55. 0 21-221
[n =30)
Group RB 0. 94 28.0 1- 67
(n =18)
Group SB 1. 00 38.0 12- 60
(n =6) . . )
Group RR 0. 92 56. 0 10-222
© (n =12)

Group SR 0.83 29.0 13- 66

(n =6)



T 28

of these two categories; 66% met Sfi.tefion within the 'first.60 trials,
while 14% never reache‘d crif-:t-erion.

Distributions of trials to meet the five-trial acquisition criterion’
were used to make statistical comparisons of the reference, experi-
mental and control groups. The Mann-Whitney U, two-tailed test was
used for all comparisons. Thé method of adjusted significance levels
suggested by Ryan (1960) was use-d in order to permit multiple compari-
sons among groups. Cenerally. the results of these tests confirmed
the conclusions drawn from inspection. of peck probabilitie§. Birds in
Group L mect the acquisition criterion in fewer trials than birds in
Group S (U = 138, p(0.0dI). 1 Group L showed more rapid peck acquisi-—
tion than control Gro.up RR-(U= 74, p< 0.001), but did not differ signifi-
cantly from control Group SR or either of the experimental groups.
Acquisition in Group 5 was slower than acquisit;on in the experimental
Groups RB (U =110, p< 0.001) and SB {U ='.38. p < 0.05) and control
Group RR (U = 141, p<0.05), but did not differ significantly from ac-
quisition-in control Group SR. Finally, since several investigators |
(Terrace., et al., 1975; Gri.ffir}. 1975; Martin and Golinko, under review)
have used the trial of first peck to indicate peck acquisition, it should
be noted that the long and saort ITI reference. groups in the present study
differed significantly on this measure (U = 184, p < 0.00!; Mann-

Whitney U, two-tailed test, not adjusted for multiple comparisons).

In the ITI-stimuli Groups SB and SR, the acquisition criterion was
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used independently for the first, second, third, and trial stimulus
presentations (see Figure 1, e. and f.- for further clarification of these
deﬁhitions);. Thus far, acquisition in these groups has been considered
-oniy in terms of the development of pecking to the trial stimulus. How-
ever, the birds did not seem to distinguis-h reinforced from non-reiﬁforced
stimulus presentations. When a subject began pecking to one stimulus,

it usually started pecking to all four stimuli within a few trials.  Con-
sidering combined data from groups SB and SR, reliable pecking {as
indicated by the cr.iterion measure) began withi-n five trials of pecking '
.to the .tri..al stimulus in 75% of the birds, and within 20 trials of pecking
to the trial stimulus in 100% of the birds. Neither group showed any
tendency to initiate pecking to any stimulus.. including the trial stimulus,
earlier than to any of the other stimuli.

The maintenance of pecking dufing stimulus presentations wa-s‘;
measured in terms of rate and in term-s of proportion of trials on which
at least one peck occurred (peck probability}. Figure 4 shows the mean
peck rates over sessions for all birds in Groups S and L. "Peck rates
tended to be slightly lower in Group S than in Group L. Although the
variability within groups was large, a comparison of mean peck rates
over the last 80 trials (three sessions) was statistically significant
(U= 352, p<0.001, Mann-Whitney U, two-tailed test}. The same
pattern of results was evident when peck érobability was used to measure

the maintenance of responding. However, neither of these measures



Figure 4

Mean.trial peck rates as a function of -
sessions for Group L (n= 30) and Group S
{n= 30) in Experiments I-V., The points
and bars shown to the right of the graph
give the mean and standard error of peck
rates during the last three sessions (80
trials) for each group.
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reli.:';l'.bly distinguished the refereﬁce groups when one considers compari-
sons within individual experiments. '

A few observations concerning the maintenance of pecking are,
however, of interest. As indicated in Figure 5, the five-trial acquisi-
tion score was nbt closely related to the level of pecking in later sessions
of the .experim;nt. After a bird met criterion, pecking was usually
sustained throughou‘t the remainder of the experimént. However, .while
birdé that met griterion late-usually showed only moderate peck rates
or prol;a.bilities, ‘birds .th"at met c:iterion early varied from moderate

to high in the level of pecking maintained over later sessions. Moreover,

the presence or absence of a peck on Trial 1 did not predict the trial on

.
L4

which the acqui‘éition criterion was met. In Groups L and S, the number

of trials required to reach the five-trial acquisition criterion was no

A

diffé'i'ent for the birds which pecked on Trial 1 than for birds which did
not peck on Trial 1; this comparison did not reach statistical significance
for Group L. Grc-:)ui; S, or Groups L and S combined (U= 48, U= 69, |

> . .
U= 209, ;reépgctively,..'i'n all cases p > 0.10, Mann-Whitney U. twoA-

-

- tailed test). The lack of re;lab_'ionship among these various observations

suggests that within individual birds, there was no unitary characteristic,
such as a general pecking tendency, which exerted a strong influence on
- all response measures.

In the ITI - stimuli Groups SB and SR, pecking at the lighted key

was analyzed in terms of the location of the stimulus presentation in the



Figure 5

The relation between trials to meet five-
trial acquisition criterion and mean peck
rate over last three sessions for individual
birds in Groups L and S, Experiments 1-V.
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intertrial interval. The intertrial period was divided into nine 30-s.econd
segments beginm‘.né.l‘?.s seconds after the énd'of a trial. In Group__SB.
non-reinforced stimulus presentations always occurred id positions 7,
‘.8. and 9, i.e., 90, 60, and 30 seconds before the reinforced trial stimu-
lus. Inr Group SR, non-reinforced stimulus pre'sent%.tions could occur
-at, any ITI position. In order to determine whether pecking was dependent
on ITI locati‘on, ‘peck probabilities over Sessions 8-12 were averaged
across stgimulus.presentat-iong oc;::urring at each ITI location. Figure 6
shows mean peck proba‘bilit:i.es as a function of ITI location for Groups
SB and SR. For purposes of comparison, Figure 6 also gives the mean
peck probability for reference Group L from the same expefiment
{Expe rimegt I). In Group SB, the probability of l;)ecking was lowest on
the first stimulus presentation, and-higher during the second, third, and
trial stimulus presentations. After 'the first stimulus presentation; the
birds did not seem to distinguish lbetween non-reinforced stimuli and
the trial stimulus. In Group SR, the probability of pecking was about
the same at a1171TI locations and the trial stimulus. Neither Group §B
nor Group SR differed appreciably from the reference Group L in the
probability of pecking to the trial stirnulus. Individual birds in each
group showed patterns of peck probability s'imilar to the mean data of
Figure 6.

Pecking during the interfria.‘]. interval waé generallﬁr:infrequent.
and followed no particular pattern éithe within or across groups.

o~



¥ Figure 6

Meanstimulus peck probabilities over the
ldst 80 trials as a function of ITI location.

" The data shown in thi§ graph are from long
ITI reference groups and experimental and
control groups which received additional
non-reinforced stimulus presentations; all
data are from Experiments I and IL

il
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Table 2 shows the cb.strxbunon of peck rates durmg the mtertnal interval
for all birds in Experiments 1 V. For 102 o.fl the 132 blrds. ITI peck:mg
'occurre.d rarely, if at all, during the first two autoshaping sessions.
"I‘he remaining 30 .biras came from eight of the nine autdshaéing cond;tio_ns.
' éna,- witho‘ut exception, showed low mean rates of pécking. In th‘e. last

two autoshaping sessions, 114 bird.'s shp:_ued little or no p_ecking.' The
other 18 birds came from seve; autosl‘laping‘con_ditions. air'1d no birdi

had a mean peck rate above 0.30 pecks/second. In no case was the rate-

of pecking during the trial lower than the rate of pecking during the |
intertrial interval. | | /_\__./
Discussion

The results of this study .prpyide striking evidence of the importance
of trial spacing for the emergence of pecking to thg signz’xlling stimulus.
When trials were separated by long intertrial inte;:j\zé_tls. pecki.ng at the
signalling stimulus began very rapidly;-most birds'.'.‘_ét;.\rted pecking within
the first three auf‘oshaping trials, .When trials wert; separated by short
intertrial int-ervéls\‘. éeckiﬁg at the signalling stirmulus was quite in-.
frequent in the -fir'st 20 trials and developed slowiy, if at all, duoring .
later trials. These aéquisition data replicate and extend the res;llts on
trial spacing reported by other invesfigators (Terrace, ﬂ.. 197‘5;-

Perkins; et al., 1975; Griffin, 1975; Martin and-Golinko, under review),

The present analyses suggest that acquisition is indicated with less

I
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Table 2

" Distribution of Peck Rates During Intertriél
Interval (ITI) For All Birds {n= 132) in
Experiments I-V.

. Proportion of Birds Whose.Mean Rate
Falls Within Each Category*

0 0.01-0.10 0.11-0.20 0.21
pecks/second pecks/second pecks/second pecks/second

Sessions _ 0.77 : 0.21 0. 02 0

1-2 (102) (27) (3) (0)
Sessions 0. 86 40. 12 | 0 | 0.0Z
11-12 (114) (15) () * (3)

*Numbers in pafentheses represent the number of birds in each
category.
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- \;ariability and no l_n;ss-o.f.se-ns-itivity by a five-trial criterion measure
than by.the trial of. the first key peck,

The experimental conditions in the present study tested the possi-
bility that events immediately preceding trials might interfe re with condi-
tic?ning. - When trials were separated.by long inte}trial intervals, rein- .
forcefs or key-light stimuli placed before each.%ff\ﬁl slowed the development
of pecking to a slight extent, b;t failed to produce the large deficits ‘evi- |
dent in the sh.ort ITI group. Peck acquisition in these experimental £roups
was similar to acquisition in control g‘roups. where extra events were
randomly élac_ed in the ITI. Thus, it appears that adding reinforcers or
key-l-ighf stimuli to a long LTI condition leads to somewhat slower peck
a'cqu.isition. but that blacing these events immediately before each trial
is no ciifferent from placing the same events at random in the ITL ©

_These results pi'o'vide little support for theoretical explanations.
of the spacing effect which emphasize local overshadowing, inhibition,
or stimulus habituation, since such accounts predict poor conditioning
~in one or both of the experimental groups.

Results from the before-trial stimuli group also.fail to support
an account of the spacing effect in terms of the stimulus fluctuation
model?_ of learning developed by Estes (1950, 1955)‘.__ Estes' model may

be describedé\s\ follows: A given stimulus consists of a set of elements,

but only a portion of the elements in the set is available to an 6;-ganism

on a particular trial. Elements move in and out of the subset
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available to the animal randomly and at a constant rate over time, On
a‘ny. given trial,” only the elements in the available subset are conditioned
by the outcome of that trial. Response probability is proportipna.l to
the number of conditioned elements in the subset availabl_g to éhe animal
on any given trial.

According to this medel, non-reinfofced stimulus presentations
lead to either non-conditioning or extinction of the stimulus elements
in the available subset, and short intervals between stimulus presenta-
tions allow little time for new__eigments to come into the éubsét. Hence,
the model predicts that early acquisition perfori"nanc'e should be better
in the short t-han in the l.ong ITI condition. The present expe rimelntal
findings are obviously incompatible with this prediction. In addition.\
the model predicts that .pla.cing non-reinforced siimulus presentations
before each trial will produce both slow response acquisition ana .
overall low probabilities of pecking as compared.to a condition where
all stim;xlus' presentations were reinforced. Neither of theserpredic-
‘tions are confirmed by the data from the before-trial stimuli group.,

Thus, Estes' stimulus fluctnation model does not seem to provide a

satisfactory account of the trial spacing effect in autoshaping.

Experimental Tests: Post-trial Interference
The results réported in the preceding section indicate that

slower peck acquisition in the short ITI autoshaping condition cannot
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be attributed entirely to the interfering effects of events occurring

immediately prior to each trial. However, local interference may yet

¥

¥

account for the spacing effect if one argues that such interference
arises not from events preceding trials, but f{rom events following
trials. The following general design was used to test the validity of
post-trial interference a§ an explanation for the spacing effect in auto-
L4

shaping., For the purpose of this test.. reinforcers or stimuli are
assumed to be events which disrupt the perseverative activity initiated
by a trial. Figure 7 shc.)ws the arrangement of intertrial intervals and’
intertrial events for each of the four autoshaping conditions of interest
in this section. Two reference groups receive trials separated by

- either long or short intertrial intervals. Two experimental groups
receive trials separated by a long ITIL, but either reinforcers or non-
reinforced stimulus presentations occur immediately after each trial.
_lf the spacing effect is due entirely to disruption produced by post-
trial events, then peck acquisition in one or both of these experimental

groups should be comparable to acquisition in the short ITI reference

gx;oup. and much slower than acquisition in the long ITI reference group.

“Autoshaping Conditions
In addi/tion to the reference Groups L and S {Figure 7, a. and b. ),
there were two experimental groups where trial onsets were separated

by 300-second intervals. The after-trial reinforcers group (Group RA,



Diagram of autoshaping conditions for
reference and experimental groups involved
in post-trial interference tests described in
Experiments 1-V. The reference conditions:
are the same as those shown in Figure 1.

P N R

s I -




40

NOILVIN3IS3Hd Q004 9°s-G2

(9=u) . :
| i . 1
VS dnoyo . _
IVIYL | ¢ 2 | vyl
(2l=u) <! o I R I |
vy dnoyo | .
{0g = u) ‘,__.Ar. P 1 i '
S dnoy9o ..
— e
298 O¢ 72959
< SpuU023s OO¢ -»{
(Og=u) LHOIT ﬁv I | | i
1.dN0¥9 AN .

SNOILIANOD OSNIdYHSOLNY



Figure 7b. ) received 2,5-second hopper presentations 30, 60, 90, and

'120 seconds after the onset of each trial reinforcer. The after-trial

stimuli group (Group SA) Figu‘re 7d. ) received 8-second illuminations 1
of the red key light 30, 60, and 90 seconds after the onset of each trial

/ '
stimulus, The number of birds run in each autoshaping condition is

shown on the right side of Figure 7.

Results
Figure 8 shows trial-by-trial resui s for peck acquisi.tion'for the
three experimental groups which received events just ai;;‘.er each tria.l;
In Group/s RA and SA, pecking to the trial stimulus began within two |
sessions for about half of the birds. At Trial 40, peck probability
was 0.42 for Group RA and 0.67 for Group SA, Compared to reference
Group L (Figure 2), both of these experimental groups were slightly

retarded in peck acquisition, but neither group showed the very poor

= S

acquisition observed in reference Group S. Acquisition in these ex-
perimental groups resembled acquisition in the random control Groups

RR and SR (Figure 3),

The five-trial acquisition criterion again provided an accurate

indication of the development of pecking in each group. Table 3
summarizes the acquisition performance of each group in terms of the
proportion of birds meeting criterion and the median and range of the

distribution of criterion scores. Distributions of trials to criterion
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Figure 8

Trial-by-trial analysis of the development
of pecking in the first 40 trials (two
sessions} of autoshaping. This graph
shows data for the experimental conditions
involved in post-trial interference tests
described in Experiments 1-V.

-
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Table 3
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Summary of Acquisition Performance for Reference
and Experimental Groups in Post~trial Interference
Experiments.

Grml:p L
{n =3Q)

Group S
{n = 30)

‘Group RA

(n=12) -

Group SA
{n=6)

Proportion of
Birds Which
Meet Criterion
Within 240 Trials

0.93

0.170

Trials to Criterion of Five
Consecutive Trials With One

or More Pecks (Birds Not
Meeting Criterion are Excluded)

Median Range
9.5 1-108
55.0 21-221
16.0 ©2-209
29.0 2-141

W
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were used for statistical comparisons of the experimental and reference |
~ groups. All of these éompar}sons used th; Mann—Whitney U, two-
tailed test with adjusted significance levels (Ryan, 1960). Groué L
showed faster ai:quisitionl than Group RA (U = 129, p< 0.05), but did
not differ from either of the other two experimental groups. Acquisition
in G'r-oﬁp S was slower than acqu.isition- in Group RA (U= 123, p< 0;‘(;5)
;md did not differ signiﬁéa'ntly fr'om‘acquisiti‘or‘x in Group SA. '

Iﬁ Group SA, the birds did not seem to distiqguish between rein-
forced and non-reinforced key-light presentations in acquisition, but
did show somé discrimination in terms of the levels of maintained peck-
ing. As described in the pre.ceding section, the acquisition criterion
was used independently for the trial and for the first, second, ‘and third
non-reinforced stimulus presentations (see Figure 7d.). -Again, the
acqui;idon of pecking to the three non-reinforced stimu.lﬁ.s presentations
occurred almost simultaneously with the on-set of feliable pecking to
‘the trial stimulus. Levels of maintained pecking were apalyzed by
averaging peck probabilities over Sessioné 8-12 for the trial stimulus
and non-reinforced stimuli at each ITI location. Figure 6 shows the
results of this analysis as well as the mean trial peck probability for
the reference Group L run in the same experiment (Experiment II);
Peck probabiiity dropped rather noticeably between the trial stimulus
and subsequent non-reinforced stimulus presentations. Also, Group

SA showed a lower probability of pecking to the trial stimulus than the
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reference Group L.

Disc.ussion -

The expefiﬁdental 4conditions reported in the}:resent sgction were
designed to test the possibility that ev.rentﬂ‘s' immediately following trials
might retard conditioning by disrupting some so;'t of consolidation or’
rehearsal process. Trials were separated by long intertrial intervals
and pc;t:'entially dis rqptive events were placed just after"each trial.

Compared to the reference Groqﬁ L, peck acquisition was somewhat"

’ ’ i \
slow when reinforcers- or key-light prese ntations followed each trial.

__.}'__However, the experimental groups did not show the very poor acquisition

evident in ‘Feference (-f‘;r;oup S. Moreover, neither gr\ogp differed notice-
ably from "%I(re -control groups, described in the previous section, where
r_eihforce,rs or key—ligh\_t pres;antations were randomly place‘d m the
intertrial interval. While adding“gxtra-events -te a lor}g ITI iondi}:ion
slows the rate of peck acéu’iéiiién to some extent, the' locatiox.a of these
events is not an effective variable.

In cox"lclusion. theoretical explanations which attribute the
spacing effect to local post-tri.:a.l interference receive little support

from the present results, Trials may initiate some perseverating

activity essential to learning, but neither reinforcer presentations nor

.. .stimulus presentations seem to be events which are capable of a major

{
disruption of such activity.
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Experimental Tests: Combined Effect of
‘ Pre-Trial and Post-trial Interference
_r ‘ ) | . " |
” ) Th.e re'sults described in the two preceding sections indica,rre that

\'a

stimuli or reinforders before or after each trlal do not greatly mcrease
the number of trials reqmred to 1n1tiate peck.mg as compared to the
long ITIL reference groups Tﬁe,_se results have been interpreted as

. T ' .\' .—. .-
) prov:.dmg little support for theoretical accounts which attribute the

N ' s_pecing eff_ecthto loca:l-';overshadowing. inhibition, or habituation, or to
. disruption of some- consolidation or rehearsal p‘rocees.' However, there
- : .remein some modifications of local interference ndtiens wnich are con-
sistent with the present results, a.nd yet still capable of predxc“tmg the -
effect of tnal spacing. One of these modif_ications_‘ass un-:es__tl:xat the «
shght deerements in ac'quisition observed when events- either precede
or follow each trial sum to produee the large decrement observed in the
| ehort ITI condition, where events both precede and follow most trials,
\
some evidence concerning this possibility, Two refe rence groups
receive trials separated by either lon'g or short;{éntertrial intervals,
A'ln e;gperi:mental group receives trials separated by a long ITI, but with
reinforcers occurring'bef‘ore and ai‘ter each trial, If reinfgreere are
interfering events..",.'—;ind a sum;netion o;-pre- a.nd pbst-tr"fiall interference
is sufficient to explein thie entire spacing effect, then peck acquisition

in the experimental group should resemble acquisitiop in the short ITI

reference group, '



Autoshaping Co%iti;ns 7_ -

n addit.ion to the refei-ence Gr;mpa L and S, there was one
experimental group where trial onsets were separated by 300-second
intervals. In the eﬁperimental Group RC, 2.5-second hopper presen-

‘ : N
tations octéurred 60. and 30 seconds before and 30 and 60 seconds after
‘the onset of each trial reinforcer.’ ."Thi_s autoshapiné group consisted
of 12 pigeons. |
Results and Discussion =~ !

-

Figure 9 sho-ws peck acqm‘.sitl-on over the first 40 t-rinls; for the _
_'two reference groués and exp‘erimental Grémp RC. In Group RC.l peck
acqmsxnon began w:thm two sesaions for about haif of the birds; at
Tnal 40. puck probability was 0.50." Statistical comparisons using
the five-trialdacquisition criterion showed that Group RC differed from
Group S (U = 98, p< 0.01; Mann—Whitnéy U, two-tz;ilad test with adjusted
signi.t'icanca-'.\lc.wela). but did not‘ differ from Group L. In Group RC. the
‘_proportion of birds which met criterion within 240 trinls was 0 83 for
those birds meeting critarion. the median number of triala to}riterlon 'f
‘waa 24. 0 and the range was from 1 to 122 trials, - |
Although peck acquisition in Group RC was somewhat alowpr than
acquiaition in Group L, Groqp RC did.not show the very slow acquisition
obsorvad in Group S. Acqu.iaition in Group RC closely ruaomblod acquisi-

tion i.nrt}';o exporimqntal and control groups c{aacribod in the earlier



Figure 9

-

Trial-by-~trial analysis of the development
of pecking in the first 40 trials (two
sessions) of autoshaping. This graph
shows data for the reference and experi-
mental conditions involved in testing com-
bined pre- and post-trial interference in
Experiments I-V. The data for the two
reference ‘conditions is the same as that
shown in Figure 2,

1 -
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sections of this paper. The placement of reinforcers before and after
each trial does not seem to affect acquisition beyond what has been
observed when extra reinforcc;'a are added to the long ITI situation.
Thua; the spac;ing e{fect cannot be exp;lainud.«entirely in terms of pre-.-

and post-trial, reinforcei";-pi"oduced interference,



- EXPERIMENT VI

. Local Interference {rom
S - Stimulus-~-Reinforcer Pairings

The results from Experime.nta,l-v indicate that s‘o long as trials
are separated by long te&poral intervals, neither unsignalled food
presentations nor non-reinforced stimulus prosent‘ations substantially
reduce the rate of peck acquiaition. However, the posaibility remains
that what is detrimental to peck acquisition is r-xot stimuli -or reinforcers
adjacent to trials, but rather atli.i-nulua -reinforcer pairings occurring
before or .a.fter each trial, Thia account receives some empirical
support {rom the study roported by Wagner, Rudy, and Whitlow (1973),.
As described carliér. the results of this study indicated that post-trial
evonts interfarpd with conditioning only when such events werejaurpriaing
to the animal. Familiar sequences of eventa produced little or no
intoerference with conditioning to t;he tost stimulua. The conclti.siona of
this utud} could be oxtpndud to the present autoshaping ‘reaulta' Iby arguing
that in acquisition, each ;rfﬁl is unoxpecteq. and hance surprising to
the animal, If this view is correct, then each trial, except the last,
'in- a ahort ITI condition is subject to interference from pucceodTng trlaia.
and one would expect poor peck acquisition. The relatively raplg ace
quisition observed when avents occurred after oach trial could be ex-

plained by assuming that stimull alone or reinforcers alone.are not as

50
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surprising to the pigedn as stimulus -reinforcer pairings.

Logically, this modification of the local interference account

L3

could also apply,fof events occurring before each trial, That is, one

. could assume that stimuli or reinforcers before trials have little effect

on acquigsition, but that s.timulua-:_'einforcer pairings before each trial
produce considerable interference., At present, however, there is no
clear the oretical rationale to accompany s-uch a possibility,

The preceding veraion of a local interference account attributes
poor peck acquisition in the short ITI condition to trials (atimulus- X

‘.

reinforcer pairinga) occurring before or after any given trial I this

'--account 15 correct, then one would expoct that blocks aof closely spaced

trials would léad to poor peck acquisition, even if the period of time
betwoen blocks is relatively long. The following experiment is designed
to teat this prediction. A diagrarﬁ' of the v#rious conditions ia shown

in Figure 10, The two reference conditions used in Expori.monts .V
are repeated. A third group apenda.thé same amoﬁnt of time in an
exporimontal sesasion as the long ITI reference group. However, for
thia oxperimental group, triala are prosonted in six blocks, rather -
than being rogularly spacod throughout the sossion, Within trial blacks,
a.ti_muluu-roinforcer pairings occur at the same rate as in tho short

ITI reference condition. Thua, for this experimont;:.l group, all trials
are oither procoded .or {ollowed by additional trials, and most trials

aro both proceded and followed by othor triala. If the trial apacing




- Figure 10
——5—-——-—(.

Diagram of autoshaping conditions for thé
reference and experimental groups in
Experiment VI,

————

Y
(-




53

effect is due to interference produced by stimulus-reinforcer pairings,
then acquisition in this experimental group should be slqiv and hence

similar to acquisition in the short ITI reference group.

Method
S.ubject : Subjectg were 19 experimentally naive White King
pigeons, approximately one year of age. The sex of the birds.was not
determined. All birds were mainta‘inéd at 75% of their free-feeding
,_we;ights and fed Purina Pigeon Checkers both in t};g home cage and during
experimantal sesslons. One bird was discarded from the oxperi}nant
when it failed to eat from the food hopper after manual training,
Apparatus: The apparatus was the a;mc as that described in
the Goneral Mothod for Experiments 1-V, with one modification. Two
additional houselights, identical to the original houselight, wero installed
on the ros;gom;a pancl in each oxperimental chamber. These house-
lights were located Z.S-cm. to the left and right of the original houso-

light, and at tho samo height above the floor of the chamber.

Hoppor training procodure: For the purposes of anothor experi-

. e
mont, the hoppor training procedure was arrangod to train the birds on

a discrimination between two colors of houselight illumination., Since
this discrimination procedure is not relevant to the present experiment,
the procedure is not deacribed in detail; however, a datailed account of

the procedurec may be found in the Appondix.

TP U R PR
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Autoshaping pArocedure:. Six birds were run in each of three auto-
shaping conditions.» For all groups, the cha'fnber was illuminated
throughout fhe autosha.ping.. Se'ssion by a houseligl{t color different from
the two colors used in the preceding discrimi_n#tion training. The f{irst
trial presentation occurred 30 minutes after the onset of thé experime'htal
session. Trials consisted of an 8-second iliuminatlon of the red key
light, followed by a 4- aeconc:l hopper presentation. In the long ITI
reference group (Group L, Figure 10a,), trial o‘nﬁeta weré separated
by 300-sqcond intervals; in the short ITI reference group (Group S,
Fjiggre 10b. }, trial onsets w‘ere. separated by 30-second intervals. For
.the experimental group (Group X, Figure 10c.), sessions were equal in
duration to sessions in the loné ITI reference conii’l‘ti‘on. However, |
trials were presented in aix five-trial blocks. Within oach block, trial
onsets wére separated by 30-second intorvals. Each block was fpllolweci
by a 21.5-m1nut§ interval.

Koy pecks were recorded but -ncvur had progr:;mme'd conscquonces,
A'sossion conaisted of 30 trials, and all groups were run daily for
eight sossiona. The pigeons wore fea wl;mtevor necessary to maintain

their weight immediately aftor the daily session.

- Reaults
Figure 11 shows the devaelopmeont of pecking during Sosaion !
within cach autoshaping condition. Comparison of the reference Groups

L and S shows the usual effect of trial apacing, Most of the birds in
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Figure 11

Trial-by-trial analysis of the development
of pecking in the first 30 trials (one
sugsion) of autoshaping for reference and
experimental groups in Experiment VI
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Group L requ.ireci very few trials to begin 'peclcing. and peck probability .
‘at Trial 30 was 0.83, In contrast, n'uosf birds in Group S did not begin
to peck reliabfy within the first session, as indicated by a peck proba-
bility of 0. 33 at Trial 30. Peck acquisition in the éxperirr':enta.l Group ’
X w?.s' very z:apid. and closely r_eserhbladﬁacquiaitiori in the reference
Group i..; pock probability at Trial 30 was 1,0, |

As in.previous exp‘érimanta.' thg change in ‘pe.ck prébability \;—iﬂth-
in each autoshaping group was closely rel:lted to the cumulative distrlbu-.
.tion of trials required to redch the ﬁ.vc; -trial acquisition criterion.
Table 4 summariz;s the acquiaitidn perfofma.néb..pf each group in terms
of the proportion of birds 'm%oting criterion and{he%nadian and range
of the distribution of critarioﬁ scores.. The Mann-Whitney U teat wlth.
adjusted significance levclﬁ \.vau used fc;r atatistical comparison of the
dia;rib'utions of criterion acorea., As expected, Group L showed f{aster
acqui sition than Group S (U = 4, p< 0.05; ‘one ~tailed test); Group X
. showod faster ncquiaition than Group S (U -2, p €0.02; two-tailod tost),
gnd did not diffor significantly from Group L.

Koy pecking during the’iﬁt;;‘trial intorval wae 1n£r.oqgont.f Most
birds ﬁovof pocked ého key, and only three of the 18 birc:f; had pack
rates which exceedoed 0,10 pegka/aecond in any one sasalon, Intortrial-

po'cking tonded to occur more froquently during early autoshaping

sossions than during later scasions,
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Table 4

 Summary of Acquisition Performance for _
- ‘Reference and Experimental Groups in
Experiment VI

Proportion of Trials to Criterion of Five
" Birds Which Consecutive Trials With One
Meet Gritoerion or More Pecks (Birds Not
Within 240 Triale : Meeting Criterion are Excluded)
Median "Range
Group L. .00 o . 2.0 1431
Group 5§ | : - 1, 00.,_/ o X g, 3.;( .b.?"_.;,'- No-13-91
Group X “Lo0 7.5 P 422
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Diacuu.ion. -
Theasé results provide no aupport for tho idea that the trial, ie.,

the stimulua -reinfor “‘; pairing, s an ovent whiéh interferas with -
conditioning. Pock acquisition it equauy rapid whethor trials are

clultared in blockl or unu‘ormly diltrtbuted across a long exporlmont&l

~
sonion. The oquivalonce of acquisition rates in theae two groupl is,

\however. lubject to ancther intorprotation. Suppose, for examplu. that
trlah occurring immediatoly after trial n do intertere with some per-
fove rating a.ctivity {nitiated on trial o I the poueventing activity
peraiatl for long.or th,an 300 seconds, theh the effectiveneas o£ almost
all trlals in the lom. I'I‘I rcteronco condition is reduced by dh'rupuon
from subsequent triala. In the condition where trials occur in blocka.

_the offaectivencas of four out of five triale is grntly reduced. by hﬁmadinoly

»

lubicquunt trinh. However. one out of ovory five trials is followed by

& &0-minute event-{ree intorvnl. conaoquently. one would expect one

<

' trial to be hlghly o!‘tectlvo. Moroovor. the oﬂoctlvoneu of tho last

trtal in each block might account {or the Qburvauon that pock acquhition

% quite rapid in the aroup whou trhh are clultnrod. In order to -

:ﬁuvaluate thh pouibmty,. it'woudld be necuury to compazre acquhmon '
' -l

£ in tho preqadlng two conditions with acquisition ina control bondiuon -

where one trinl_ oceurrod every 20 mlnutu. ' the present account is

v corroct. than ovory trial in the control condition wogld be highly eftoctivo. .
. 8
" and peck acquhmon should be much more rap!.d than in the q}ulterﬂd .
% - . ) \

j .
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or-distributed trhl aituationa.

Soparating single trials by 20-minute intorvall might 1ndeed
produce extremoly rapid peck acquisition. Althoucgh\ such a ﬁndlng would"
be cémpattblu with the notion thaf a trial is a'n'inturﬁoring event, tho
obwrvatién \‘uould allo:bo susceptible to a variety of otho.‘x;oxplan'ation';.
Some nlternatlQo explanations assume that long waiting periods are -
~ beneficial to .conditlonlng. not beca‘unn zuch waits reduce tho possibility
of local into rqr_uronce. bl;t bochuse ;wm- provide ample opportunity for
tho opueration of other timo-dependent moct?anhm: which enhance the
nﬂoétiv.enou of a triall. lSln'co tho'lnttt;r typé of exp an_gtion is obviously

¢ . .
.conaistont with the obsarvation of a trial sapacing offact, it is {mposuible /—«-

TN

h§
- T~

to decide _Butwu.un the two types of explanation w'lthoutc omb: further
information abm;t iho ampirical characturhtic; of an’:qﬂuctiv'o W9ttidg-
puriog. - '

Lot us roview brloﬂy the conclusions {rom thoe fh‘lé au;_iul ‘of
J;porimunu.@ The rosults Irom long and lhort ITl referenced conditions
. indicate cluarly tha lmportancu of trial spacing for the dovolopmo nt of
a signalling ltimu‘.ul__in autoshaping, ~When koy=light «food pairings
wure separated by tong temporal intervala, pucking to the signalling
stimulus bugan withtn the first 20 trial prauntutions {or most birdl.

In contrast, close temporal spacing mlhbly ineruud the numhor of L\:
trials ruquirod to initiate pecklnn. 1n this condltion. pucking wat vary
lnfruqunnt within the first 20 trlal pruuntntlonl. The present finding

/“\
L
/ :
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is conliltenthwit_h ruuli__l reported previ&iniy_ by othe r'involugatou
(Toerrace, otal. 1975; Perkins, otal,, 1975; Gelffin, 1975; Martin and
" Golinko, under roview)i in naive pigecns, tho rate of peck acquisition

ia positively rolated to the duration of tha temporal interval batween

autoshaping triﬁ'ﬁﬁﬁ;iddition. the present data show that the number
of tl"iﬂll to a five=trial acquilltlfon criiorion isa convo:ﬂont moasure
which s cloul\;r related to trial-by-trial changes in peck probability
wlthln-a_ny autoahaping group. ‘

A simple type of thooretical oxXplanation for the spacing effact is

]

one @hich argues that response acquisition is slow when trials are closely

"upacc;l because esvents occurring before or after trials intorfere with

conditioning. . To test the posaibility of such local interference, somo_

TNA '

groups raceived exporimontal traatments in which trials wore scparated

L Fa
immadiately before or after each trial. The results from thesc experi-

by long temporal intervals and potentially disruptive eventa wore placed

montal gioupl indicate that neither unsignalled food presentations nor

t\'éd-rolntorcud lﬂmlﬂ\il prose ntnti'o'.na produce any substantial r_edﬁctlon

in the rate of acquilit;on a8 cdmparod to the long ITI ro{;_:ron‘co group,

In no case ;vnl acquiuth;n uducq)d tothe lovel observed in the short ITI

refarence group. '}v(oroovcr. co+pu1|onl with appropriate codtrol

groups suggest that the small ducrm‘lu in acquisition rate h‘due to the
" introduction of extra events to the long ITI lauatlo%. rather than to the

\"‘femporal location of these ive.ntl. Finally, pack auqullitian was cbserved
C e -

ke ’ ‘ ,é | . : \
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to ba dqu'nny rapid whethor trials were clustored in blocks or uniformly.

distributed across a long experimaental sassion. - This result can be

oxplained within the context of local intarﬁrencc accounts only if one
mlkqa lpe.chl. auumpuong;{;ut the optimal temporal 1;:terifal {for
“trial spacing. In lumma.ry: the results {rom Experlinontl I « VIshow
that when trials are soparated by long intertrial intervals, ovonts placed

before or after each trial do not greatly affect the development of

pecking.

g
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'ZTHE OVERALL PATTERN OF EVENT Pnz:sy.{ﬁmnow

A Loglcal Analysis of Intortrial Waits

~

The exporimenta reported up to this point have {focused on tha
'immodiato contoxt of a single trial presentation. In a short ITI condi-
tion, oach trial is closely pro‘?odcd and followed by other &rlal prosanta=-
tions, whareas in a long IT1 copdltion. cach trial occurs in temporal

, ho_lution. The rosults of the praceding experiments indicate _th\t'tho |
~vaama offect is obﬁuinod f_;:om placing theso o\yonu before the trilb‘\!t’:r

the trial, surrounding the trial, or at random times botwoan trials. . The

local contoxt of the trial is not the source of the 1ntor£urin_g offoct of the
close spacing of trials, Thus, it doos not seem that the trial spacing
effect can be un;!orltood in terms of the immadiate co,ntnr:-:t of trial pro-
wantation. This conclusion suggosts that ann'lylh offthc spacing offoct
must bo broadened to consider the patterns of avent presontation across
an entire experimental session.

One waf of considoring diffarences in the overall pattern of‘ovo nt
presoentation hato obsarve that tho two spacing conditions differ in
raspect to the presence or absence of a long, event={roe interval betweaen
trial prosentations. Long, ovent-free inte ;Vlll.' or waltln; periods,

| have the ottc;ct of producing rapid acquisition of the response, Accordlngy.

furthor exploration of the spacing &I_{ggt.wm attompt to identify the J

62 ‘ KJ _
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chl\racgc;rhuc'l of waiting pericds which are ossantial to rapid response

. .lcquiliti‘on‘.' The first question of interest concerns the numAbor of wait=
ing periods and thoir position in relation to trial prplontl.tionl. Ix; thoxr
lc;ng ITI condition, all trial prosfmiations are ‘lepantpd by waiting poricds.
However, the results of Experiment VI show that this particular con-
figuration of trials and wait{ng poriods is not érlttcll to tﬁo rate of pack
“acquisition;'pock acquisition waa oburvcc} to ;e nq:nny rapid whethe x--
triail ware :plcod at regular intervals or clulto:_od into aix blocks within
a long exporimantal uuiﬁn. Sinca six long.“wn'mng portodl appear to

be as _oantWo as 30 lhox'}tu walting poriodl. oqo'\;f;:mdo'i'l whethor a

more oxtreme variation m:t'h'o number ‘and position of walting poriods '
would also be oqut_valont-to uniformly wide ipncl-ng. Is a single wait
aufficiont to produce rnp;d pock acquisition in a subacquont sorics of
closely spaced triala? Experiment VII ig diracted to this quustion.

The socond quostien of“interut {nvolves the boundary events which
define oﬂccttl\)o waiting poriddl. Wniung porlod; batwaen trial prosanta=- |
- tions lead to rapid peck acqulsition. Howové.r. trials consist of two
discrote uvonts, stimulus and retn!orqcr. Loglcally, theroefore, the
' oﬁ‘octlvunou of waiting periods could derive, not Irom_thn temporal
scparation ot/gtimulpl-roin{orco v pairings, but from the temporal

/ - .
soparation of stimuli or _ru!.n!om‘ﬁ'l; Docs rapid peck acquisition depond

on walting pariods botween trials or on walting periods betwen'fnltlmuu

or roinforcers? Eipcrtmnnt VIL {a designoed to answer this q':ucltlon

.
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'v;i.th raspact to reinforcer prélnnta.tiom. The 1mportﬂncc of waiting
po‘rlodl b.otwoon reinforcers is assossad by vuytqg. tho temporal distri-
but;on: of the rﬁinforcnr prosentations when the interval between l;"llll - .
is hold conatant, o
. The third quastion lSout waiting poriods concerns thﬁ importance
of atimulus context in determining the offectivencss of the wait. In the
long ITI condition, intertrial Wﬂitl occur;njho oxperimental chamber
and thus in the stimulus situation present during autoshaping trhil. Is
rapid peck acquisition dopendent on wnmng. in the lttmull'ul conditions
which constitute the background for autoshaping? Experiment i1X
addrossos this queat.!.'on by manipulating the situational stimuli during
the waiting puriod.. ’
In torms of the ovurnli j:nt_torﬁ of avont oc.curronc‘:o. short and long
ITI spacing conditions differ by virtue oIIthu prescnce or‘nblonco_of long,
| avent=froeo 1n£a rvals Sotwocn trial prosentations. Tha Prdcodtng discusaion
.suggosts that, logically, the effoctivencas of such intervals or walting
et peﬂodl may dobcnd on their number and position, boundary u#entl. .n.nd'
stimulus contuxt. Curront theories of condttloni‘ng provide further
support {or the notion that an undux:ltnndtnghc‘:t tho‘ charactoristics of
offoctive w:_m‘u may be of considerable importance to a general undor-
standing of the spacing effect. Thase thooroticﬂ accounts will now be -

considared in more detail.

9
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Theoratical Accounts: qutinc?h:n of
- ~ Competing Stimulus Associations

Saveral invoatigators in'thn arca of stimulus control l:;;wo notod

_that the offoctivonass of a stimulus-reinforcer pairing is dependent on -

the -goneral context in which that pairing occurs (o.g., Kamin, 1969;
Wagner, 1971), Rescorla and Wagner {1972; Wagner and Reacorla; 1972) ~ B
have formalized this notion in a model of dllcrlml.nation learning that |

roats on the following gonaral assumptions, All stimuli prosent within

a brief time interval are assumed to change in assoclative ﬂrongih at

the and of the intorval. The direction of change {s positive if the interval

., ands with a roinforcer and nogative if the intorval onds without n rein-

forcor. In a almple case where two stimull are prosont i"r;'_tho ‘i:rtef time

interval, the changas wh'téh occur at tha end of tho intarval are deacribed

‘ By tho following equationa: - -

AV =% A=V )

.AV?. =, F(‘AV'-VH.a)'

Avl and AV, rui:ruont the change in asaociative strongth for atimuli 1
and 2, rupocuvqui.,..dl lAnd %> ropresant\the saliencos of these iwo
stimull, 4 r‘opreuntl the rate of conditioning producid bf.'thn terminal
aeveont (pruunnco or abaence of a r_ein!oica:). and A roprosants tho maxi=
mum lovel of associative strongth which is possible for that terminal -

evant. It lhouid be noted that # and A will not ba the same for al?furmtml '

ovents. Finally, V, , , represonts the sum of nldcintivc strongths for )
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- atimull 1 and 2 Prior to the end of the particular.intorvnl

Al 1nd1catod by these oquationl. the magnitude of changu at tho
ond of an intsrval {s directly related to the du‘fercnco betwaon Viea
the total ltrength of the available stimuli, and ?\. the maximum asgo-
clative strength gupported by ‘the to/x-minal event, Fora particular

stimulus, for example-stimulus l{'tho magnitude and direction of ch’nnﬁn.

'AVI. dupondl on ita ulienco. ®1, and the current ltrongthl. V; and

V21 of all ltimuli prosont at the ond of the {ntorval. -

In discussiocns of this modal, Rolcoﬂn and Wagner have luggdlli:od .
that 'auociationl between roinforcer prulontationl and buckgro_uﬁd- or
lituntional ltimuli play an 1mportnnt role in a variety of classical
conditionlng arrangoments, For oxample, the observation thit the ,

strongth of ‘condltionlng'dupondl on the degree of l'dn‘iulu'l‘-romtorcor : .

correlation s oxplained in termas of a division of nuociativo atrength

ijbot{vuon the discrete conditioned stimulus (CS) and tho backuround ltlmuu

-

in the oxporlnﬁo\ntnl situation. The observation that a nogativo stimulus -
relnforcor correlation makea thu CS a conditioned {nhibitor 1a axplained .
in tdl‘ml of non-roinforcumont ot the CS in thu context of excitatory

background stimull,

In addition to the rangu of data which can be oxplunnd uling thia

auumption. uuvoral oxpaerimental reports provido foma more diroct
support for the idea .that the nnlmnl auochtu retnforcu prelontutionl

with uituntional stimull, It {s well known that the nddmon of unsignalled k
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roinforcor prosontations greatly interfores with tho devolopment of a
conditicned ulponu toa CS. Reacorla and Wagnor arguc that th;I
observation is due to tha atrong auocintionu formod betweon reinforcer
afzd situational atimuli, St;ch associations Prosumably reduce tlho' strangth
of an assoclation batwoen ;ho Cs, f:ruuntgd in the c_'onfuxt of situational
~atimull, and the reinforcer. In to;‘ml o!‘ the oqua'tionl_ discussed onrilor.
a strong association batwoon situational iti_.mﬁli (‘ltimu'lul' 1) and the
reinforcer implies that V1 ia large relative to the m'a'x!.mum lt;vbl. lia.
the valuo of A. When the conditionod ltimulul (ltlmulul Z) is prolontod
in con,juncuon wlth ltimulul 1 tho diﬂoronco botwoon 7\ nnd Vi+ 2 will
" bo small; therofore, AVZ will be proportlonnlly amnll. Henco, one '
obaorvou littlo condltloning to the conditlonod ltimulul. stimulus 2,
Howaver, Relcorla and ‘Wagno_r assuma that the assoclation butwean
uituntlonal-l'fifnuli nﬁd rotnforcor- uxtlhguilhol {{.0., ti;c value of V; -
docroascs) whaen the animal is oxpongd to the exporimental environmont
in thg absonce of reinforcers.

Dwack and Wagner (1970) tested this aruurr-mnt‘,uling rats in an
' arrnnguﬁmnt intended to producu a conditionnd omotional responsc (CER).-
During CER training, lhockl oucurrnd only in the prolonco of thu cCs
for two corrolntod groups; lhockl occurred in the presonca and in the
abaonco of the C8 for two uncorralatod gi*oupl. One correlated and one

.uncorrulltod group recoived addltlonnl luutonl in the oxpurimuntnl

chambor when neither the CS nor lhock wers prolontud Tho romnlning
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corrolated and uncorrulated groups recelved no louionl apart {rom the
_ basic GER training, All four groups weore toutod by moasuring the
,lqpproulon of operant rosponding during non-roin.forcod CS prolcnta.tionl.
Th results of this oxporimont support the thooroticul account outlincd

(.

above, Corrqlutod and uncorrelatod groups which received additional

- ~ e

" sassions in the cxporimunttl» chamber showead greater nupprolqion to
" * the CS than correlated and i;ncorrolntn;:l grbupl‘withou\.ndditlonal luuioni.
Dweck and Wagnor concluded that tho l}:}ongth of the Cé-lhock uloclntion
dupondl on the stroength of the uloctntion betwoan lituntlonnl stimuli and
lhock Expoau.ro to the uxporlmontnl. situation in the absance of shock
prasumably lcndl to the oxtlngthn of :uocintionl betwean lttunti'onal
stimuli and shock; as assoclations with situational nt.lmuli are thul wonkon;
¢d, the CS-shock association becomos stronger,

The thuorotical model proposed by Rescorla and Wagnor londs it-
soll quite wuy to an account of the trial l_pacﬂlmng effect. Relnforcors
prnaontc}éi to the animal in the cxpu;-tmuntal chambar lead to'auoc_inti.onl
betweon the background, chamber stimull and tﬁo_ocuurrenco of food,

In the 101_\3 “.‘T condlltion. the _qugochtivo ptrepgth of situational stimuli
do’cruuol.u‘ a r.dlul.t of axtinction occurring:during the intertrial intorvalj
tha koﬁr-nght stimulus is not lubjgiet to extinction, nnri th.l.u~ txorts strong
“control ovﬁr Schavior dﬁring triale, If'\ tﬁ'a lhort ITI condition, ho'\\;evor.

the strongth of situational stimuli dtmlnfnhu vory littlo butweon trials; -

thus, situational nimuu aompuo ltronuly with the koy light lor control



of behavior during trlall. In lhort. the devalépment of pecking } 1l-thEon
LY,
to roncct the acquhition of a dilcrimtnation betwean lltua.ti.onnl ltlmuli .
L

n;/l{ono and the compound of situational ltimull plus key llght.

T .

Someo empirical lupport !or this :rgument comes from autothnptng

exporiments roportud by Blnnchard and Honl.g (1976) In thclo expor!-

meonts, nalve plguon?’woro first trainod to ont from the {ood hoppor.

and then oxposod to saveral uuionl whore the chambar wn {lluminated

by onec color (S +) whon food prosentations occurred at varying time inter-

vals and by a difforont color {S-) when no food ﬁrq’untnttom would occur, .

During nutonhhping ihd pig;o [ 'cxporioncud one of three conditions, In
one condition, the S + color !.gqminatod tho chambor during key=light «
food pairings; 1n a Locond condmon. the §= color mumtnn(tod the -chumbnn
n.nd in a third condition, a nm;ul colo:- {lluminated the chambor. Tho
ruuultl of these oxporlmonu lhowod that pccklng at the key light wan

strongor ln the groupl whare the chamber was {lluminated by the S-

‘__'
pi. dheyr
b

——

color than in tho groupl whare the chnmt;or ‘was !.ll.um'i.na.tod‘by the'S +

——

coloxr, Unfortumtoly, the lcvol a! pooldng ln groups whaere a novel color
{lluminated tho chn.mbo:- wase 1nconli|tont across the two ozt;pex-h'mrll:l:‘gzT
Howover, those data demonstrate th,.t_condmontng_ to diffued, l_ttuntlonnl
stimull can intor!oré .wnh-autmo\ifjfklng to &’ ltghtcd rolpgn-. °' key,
Tho raesults -up_port the posalbility that conditioning to‘lit‘untionat stimuli
might intorfere wm.; the duvelopmeng of pocking in & short ITI.{ l.uto.lhaptng |

condition, 3 _ ' ! | f

Y




x>

30

T
=

The-RoacorIa and Wagner model qf_d!.le\_riﬂﬂnatiqn learning suggosts

<

' ~ that extinction of com'p.otl'ng' stimulus auocht?dn:’ is 'thq process undore

lying the eﬁ'ectivonau otvintortrial waiting poriods, 'Charmtntilttcu
of waits such as number nnd>pol1tion. boundary ovents, and ltimulul

o
contoxt are- oxpuctod to be tmportnnt to the course of condltionlng.

bocaulq luch chuactorhticl wil] detn:S;‘o the .acqui_li.tion of competing
associations and tho ti.mo availablo for nction, Unfortunately, _
dolpito the quui-qunntitati.vn form of the model, it is 1mpm sible to

darive more upocuic prodictionl nbo tho oﬂ'octl of wnlttng poriodﬁ _

The vaguenoss of tho model Mhil elpect {s due to tho fact thnt vory
littlo is known nbout thq’ nlunl wh!.ch thould be aulgnod to puticulu

'pnrnmuturl. such as lttmulul ulienco or oﬂ‘oct of roin.torccmont nnh

e

pt

non-rolnforcomont. Howovor, the dilcrlmlnation lunrning modal doos -
lond thoorcticat lupport to the notion thnt varying thu condittonl of waits
intorma of numbor and politton. b_oundn'-y ovont,_. and stimulus context -
should affect the doveloprﬁont of a llﬁmilthg stimulus,
Theoretical Accounts: Extinotion
of Compaeting Reaponae Auoolntionl
Martin and Gounko (under review) hlwe lunguted. among othcr »

pouibmtlel. that tho npaclng uf!oct in autoshaping ,‘might be oxplninod

in torma g"a dlﬂcrunttnl ltrohuthening of hehaviorl whluh competo with

key pocklnu. This acuount {s based on Sk.tnnar'l (1948) oblervn.tton that

behaviors other than podking are adventitiously conditicnad when reinforcer
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pruunutlonl occur in tha nblonco o£ any oxp,ltci.t I‘GI/PO!‘IIO contlngcncy.

Since 1n the nutolhmplng procudure reinf orcer prountatl‘eﬁu are not t
. -4 !
contingent on hul};vlor. it seoms poui_.blu that, partlcularly in carly’

" trials, bu!_{av_lou othe r”tha.n-puck{ng'zﬁa.y'inc roase in utrgngth'.‘ Furthor-

more, i lur._‘.'h'bohl'wtorl romain strong, they m!.uhfint'nrturo with the

subsoquont dovalopmaent of pecking, Martin and Gollinko auggost soveral

reasons _to expect tha closely spacod i-clnforcou-lt‘rnhgthun non~pucking

bohavior tcla'a-gronter"oxt'cnt than wlddly spaced roinforcers. Basically, "

short lhtei_-MMorcgr intorvals incroase the probability that a particular

buhaviornll pattern \\}'111 Bo !ollowéd by a reln!orcar. w}:.o.rou long inter-

'rulnforcer lnte rvnli raduce the probnbmty that such adventitious pairings .

will occur. Frpm thh notl.on. one might nrguo that pucktng devulops :

slowly 1n a short ITL. nutonhnplng oondltlon. bucu.uau behaviors incom-=

"pnttblu with key pucklng are maintntnod at a high levcl of atrongth.

This thoorutlcal argument may be reutated in terms of the tima

W

“avallable betwoon nutouhlptng trinlu for uxtinction ot.buhavtpu incom-

‘patible with key pocking, When thd' intertrial 1ntur'vn1 iy short, tncom-=
S

{
pnti.blu bohavlorl are o.tten Iollowcd by a rqln.toroar lnd therofore do-
not uxttnuulshl in contrut. whnn the intertrial lnturvul s long. incom-

patible behaviors are rarely tbnowad by Y x'einlomer. and therefore

mextlnguhh umuvuly quiokly. When ltnted {n this way, it la clear that

thu prusont noeount is vuy uimuu to an acoount et t‘\c @paulng offoct

in torms o! dl!!erenetnl opportunity {for extingtion of uompetlng uumului '

Vi
.

N



.'a.isoéiatipnk. -Accord'irig‘ly,. ,\{a_._ryi:ng thcjnumbcr and position of waits,
or bounda.rf‘cy\dnts. is expected to alter the course of conditioning

because thbm factors influence the acquisition of incompatible behaviors

and the time avallable for extinction, M.orcovﬁr, it is not unreasonable

" to assume that incompatible behaviors reinforced in a particular Q‘ituai-

tion are associated with the stimulus cues arising from that situation;

when 'ﬂitaational stimuli are altered, "fhcue behaviors are not cmi.t_tcd

and thus not, subject to extinction, - With the addition of this assumption,

L™

the responsc competition ac;_count agrecs ,witﬁ thé discriminati_onulcarning
.mod;;\l in the expectation ?hat eff?!;:_dve wa.itin.g periods muﬂtjo.gcgr i.h
thcs.timul‘us situation which consti#utés the bac_:k.ground.’for trialhprcsenta—.
tions, In summary," thcn,l_ the responsc cox;npetition. account, like tlhe 7
discr;iminatlon lﬁarning'modal, predicts ;hat the effectivences of waliting

periods depends to'a large extent on their number and position, boundary

events, and stimulus context,
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- Number and Position of Wamng Poriods

o The results of Expcrimcnt V1 show that peck acqui tion is equally
rapid whcthcr trials are apacc;l at rcgular intervals or clustcrcd into
‘8ix blocks wi/thin a lon_g scasion. Expcrimcnt_ \{II is dcsigncd to provide o
information "about the cf;fecti;vcnc'ns of an c.xtrc.;'nc érrangc-mcnt-af the

. waiting pcriods within a long experimental a;:ssion Is a sirigle long

Jva.it su.fficicnt to producc rapid peck acq,uisition in a subscqucnt series

of closcly Bpaccd triala 7

Method . / “ ‘ . _ 3 i

Subjects: Subjects were 24 experimentally naive White King
pigeons; approximately onec year of age, The .s-c:‘c of .the bi.r)ds;“ was not
determined, All birds‘wcrc maihtai;icd'at 75% of their frcc ~feeding
Aweights and.fed Purina Pigeon Ch;:ckcrs b.ot'h in the homc cage and during
experimental-sessions, | N |

Apparatus: The aptus wasg the same as that described in the

General Mecthod, Experiments I - V

Hopper training procedure: The hopper training procedure was

the same as that described in the General Méth'od, with two changes."

Following the first adaptation session, there were seven sessions of

73
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Automata&_ hopper training. ' Each hepper prelcnta-tion was 4 scconds in |
duz.-ation throughout hopper training. ¢

o Autoshaging Erocodure. A diagram of the various conditiona is
shown in Figure 12. Six birda were run in each of the Iour autoahapir;g' :
conditiona. As in previous cxpuriments_. a trial c‘onaiszbd of an 8-second

illumination of the red dot on.the responsc key, followed immediately by

& 4-second hopper presentation. The present éxpcriment_ had a two-by-

-~

two factorial dcslgn, where one factor was the waiting period bc£91:c
. the first autoshaping trial and the other factor was time between trials.
The two riefcronco groups waited for 30 scconds from the onset of the
‘housclight and white noise to the onsct of the first tria.l,.(Groupa L and
S, Figure 12, a. and b; )i the two experimental groups waited for 100
minutes from the onst;t of the houselight and whitc noise to thc onset of
the Iirat trial (Groups WL and WS, Figure 12. c. and d. ). For one
refexrence group and one cxpcr-imcntal group, trial onsets were scparated
by 30-second intervals (Groups S.and ws, re‘spectively)'; for the other
reference and experimental groupt;; trial onsets were separated by
300-second intervals (Groups L. and WL, respectively).

Key per.;ks were 'recordc.ad but never h;d prégra_mmcd consequences.
Each session.consisted of 30 trials, and all groups were run daily for

8 sessions. The pi\geons were fed whatever necessary to maintain their

welight immediately after the daily session.

\

e e —————
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Figure 12

Diagram of autoshaping conditions for the
reference and experimental groups in
Experiment VI, :
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' Ro'oultl,-
‘ As shown in Figo'rc 13, the ’usﬁai patterns,of pooqk z‘i‘oquioitio‘ were
obo'orvod in lho reference Groupl L and S, -\fory fow triall were r'o- -

_quircd to initiate pecking in Group L, and by Trial 30, peck probability .

‘ was 0,83, Group S, on the other hand. showed much lower levelh of

w
pecking, and by};rial 30, ‘peck probability was 0, 33 S;atiotlcal-compari-‘ :
son using tho five ~trial acquioition critorion conﬂrrr;od this diﬂoronco )
 between Groups Land S (U" 6, p<o, 01, M'z'::;‘n-Whitnoy U, onc-tailod
&

tcst with a.djuntcd signii’icanco lovolo) Tho same pa. t pock ac-
9 .

quisition wasy ovidcnt in thc oxporimonul Groups WL and WS
' .- *

WL, all birdo bogan pccking by_Trial;Z. and pock probability was IO~

' .

at Trial 30; i.n Group ws, pook probability was low, roaching 0.33b

~ h

Trial 30. This difforence was otatiotically significant (U= 0, p ( 0 01,

n Group

‘Ic‘-

Mann- Whitnoy u, two-tailed tost wlth adjusted signi.i'icanoo lovola)
Group WS also showod significantly olowor peck acquisition than Group
L(U=0, p<0.0l; Mann-Whitney U. two-tailed test with a.djuatod
s¥gnificance levels), ' / k |

-Since one mlghl expect that a lorlg walting, po‘riod (:vould increase
the salicnoo' of a stimulus pronontation. it ils of interest :o observe that
the pock probabilitica on Trial 1 are qdito silnilar within oa‘oh waiting

condition. For Groups L and S combined, mean pock probabllity on,

Trial 1l is 0.33; for Groups WL and WS, mean pook probability lo 0 17




A

Figurc 13

Tkéial-by-ﬁfia,l—&nalysis of the development

_of peckingin the first 30 trials (one
scgsion) of autoshaping for reference and
experimental groups in Experiment Vi

-
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Thus, thc long waiting pcriod prcccding auto-haping did not seem to
| cr;hancc tho 1nitial tendency to pcck at the thtod key in the two expeo ri-~
mental groups.

| A long éaiting poric;d prececﬁng au-tzbihabing did, hoivcver. ‘load -
to somcwhat more rapid pock\acquisition in the experimental groupl,
as 1ndicatcd in Figurc 13 and in Table 5 which summarizes _acquisition
pcrformanco. In Group WL, all birds rcachod the acquiaition critcrion
by ’I'rial 8. Although this differcnce was slight. distributions of the
critcrion moasure did not ovni‘lap for G!’OUPI WL and L, consequently
the difference’ was_statistica.lly_signiﬂcant (U= 0. p<0.01; Mann-
Whitney U, two-tailed test with adjusted sig.'ni_ficancc lovels), In Group
WS, two birds reached criterion by Trial 20, while in Group S, no

" bird h-ad reached criterion by Trial 20. The advantage shown by Group
. WS was also reflected 5:n a comparison of the median number of trials
rcguircd to rcach critcrior':, 32, 0 for Gfodp WS and 63,0 for Group S,
However, distributions of the criterion measure overlapped considcrabl;r"
for t\heae two groups, so this small difference was not statistically

r

- gignificant.

Discussion
The present results show that peck acquisition is slow when all
. Erl , /
trials are closely spaced, even though a long waiting period precedes

the scries of trials, Groups experiencing a single long wait in the



Group L~

Group S

Group WL

~Group WS

Table 5
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Summary of Acquisition Performance for" P~

Experiment VII,

Proportion of -
Birds Which

Muet Criterion -
Within 240 Trials

1, 00
1,00

1,00

0.83

. Roforence and Experimental Groups in

Trials to Criterion of Five
Consecutive Trials With One

or More Pocks (Birds not ,
Mooting Criterion are Excluded)

Median " Range
6.0 5« 8
\ . /
. \ .
63,0 3I-151.
2.0 1- 2
32.‘ 0
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cxp‘érinlnc; atal chamber c'l‘k-.l show siig!}tly faster peck a.cqulﬂtién than
g;oupa‘_iamich did not experience such a wait prior to tho -bcgir.ming of
autdiifapir;é. "It will be _roca.llod that Ex#orir.nont vi jﬁowcd that it is
rfot'noccﬁsa:;y 'for cvc:.ry trial to.bc temporally is olated {rom other

trials in ordor for pecking to develop rapidly, . It now appecars that

o .

rapid peck acquisition depe nds on somec aspect of an alternation between

tridls and event-frec waiting periods,

a
&
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EXPERIMENT VIII

-~ Boundary Events f

Exporimont VIO .i.u \dnligncd to brogldo.ﬂin.lormati&on about tho
boundary cvonts uufﬂclcnt to produce an c;floctiyq waiting period,
Clcarly, wiiting poeriods thc}{ scparato tri.alli", {,6., stimulus-
roeinforcer pairlngu,ﬂ l;md to 'rabid peck acquisition, Are waiting
periods which scparate rci.nfc;rco: prclontationl 'sulticion.t to produce
rapid peck acquisition? |

Figure 14 shows a diagram of the experimental arrnngomoﬂt
uscd to address this quc?tionr. Tho interval botwoen trialg is hcld |
constant by presenting only one trial within cach daily autoshaping
session, The single trial occurs in the .middlo of a long sorics of
- roinforcer prct;cntationa. For or.m group, ‘rclnforccr proscntations
arc scparated by long intorval.s; for a second group, reinforcer pro-

scntations arc soparated by short intervals, In othor words, those

groups arc oxposod to the samo spacing of food deliveries as in the

long and short ITI spacing conditions, except that only one food preson-~

tation is sighalled by a prior key-lght illumination. A third group
received only the single trial in each dally autoshaping gcssion, - This

design scparates the rate of reinforcer presentation from the rate of

AN
81
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Diagram of autoshaping conditions use
in Fxporimont VIL, '
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trial presentation, If trials are the events which define effective waiting

. periods, then peck ac;q.uisition should be gimilar for all 'gr_oups. On the
other hand, if the reinforcer presedtations are sufficient to define

effective waitiﬁg periods, then the group with widely spaced reinforcer
presentations.should show rapid.peck acquisition, while the group with

‘clos.ely spaced ‘rcinf?rcer presentations should show slow peck acquisi-

tion.

Method

‘Subjects: Subjects were 16 experimentally naive White King

ramy
]

pigeons, apprbxim’é‘tely one yeaf-of age. The sex of the birds was not -

-

determined. All birds were maintained at 80% of their free-feeding

;

weights and fed mixed grain b'}:h in the home cage and during experi-

mental sessions.

Apparatus: The apparatus was the same as that described in

Experiment VI,

Hopper —training procedure: The hopper training procedure was

. . ) ey -
the same as that described in Experiment VIL 8

Autoshaping procédure: For all of the three autoshaping groups, -

a trial consisted of an 8-second illumination of the red dot on the response
key, followed immediately by a 4-second hopper presentation; one trial
occurred in each autoshaping session. For one gr:oup (Group T, Figure *

14a.), the autoshaping session was 15.5 minutes in duration and included .

—
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©a : o .

" no events other t.hafx the single'trial presentation; the onset of the trial
: Awutes after the onset of the Qession. F;u- the second

. group (Group TL, Figure 14b, ), the autoshaping session was 150.5
minutes in duration and iﬁcluded 30 4-second h::pper presentations.
Beginning}B seconds after the onset of the session, hopper presentation -
onsets occurred ;at 300-a.econd intervals. In each session, the sixteenth ~
hopper presentation was preceded by the brief key-light illumination,
so that this.single trial occurred‘ 75.5 minutes after the onset of the
session. For the third group.(Group TS, Figure l4c.), the autoshaping
lsession was 15,5 minutes in duration and include;:l 30 4-second hopper
presentations. Beginning 38 seconds after the onset of the session,
hopper presentation onsetrs occurred at 30-second intervals. In each
sess-ion. the sixteenth hopper presentation w‘a‘s preceded by the brigf
key-light illumination, so that this single trial occurred 7.5 minuteﬁ
after the onset of the session,

Key-pecks were recorded but never had prograrﬁmed consequénc-es.

Six biz"ds ‘were as Bigr.zed to Grou? T, five bi-rds to'Group TS, and five

birds to Group TL. The birds in all groups were run for 30 sessions,

and fed whatever necessary to maintain their weight immediately after

each session. -

Results

Figure 15 shows a trial-by-tria.‘l analysis of the development of

——



Figure 15

Trial-by-trial analysis of the development
of pecking ip the first 30 trials {30 sessions)
of autoshaping for all groups in Experiment
VIIIL :
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pet;king for cacb of fhe three autoshaping groups. i—"eck acquisition was

very rapid for Group T, an‘d "pecl.c probébility at Trial 30Awa§ I.O.l

Although somewhat siower'than Group T, _Group TL also showed rapid

peck acquisition; in this 'group, peck probabi]:gy at Trial 30 was 0.80,

In contrast'to the other two gx:oups. Group' ’ITS ‘sfxowed very slow peck

acquisi-tion; peck probability a‘f Trial 30 wa.ls 0; 20. Statistical compa;'i-

' !

sons using the five-trial acquisition criterion confirmed these observa-

tic;nS. Group TS was significantly different from Group T (U= 0,

~ ' ‘ A .

p € 0.05; Mann-Whitney U, two-tailed test with adjusted significance
levels) and frgr:'; Group TL (U =1, p < 0.05; Mann-Whitney U, two-

‘ tailed test with adjusted significance levels). Table 6 s_t_.tmma.rizes
acquisition pérforrnance for each group in terms".af the proportion of
birds reaching criterion and the median and range of the di‘st;:ibut'ion
of criterion scores.

Key pecking in'the interval between event presentations was

infrequent. Most birds never pecked the key, and the rate of pecking

within any one segsion never exceeded 0.10 pecks/second.

Discussion

Peck acquisftion wasg quite rapid when pigeons were exposed to
one trial in each daily autoshaping session. When the.single trial
occurr'ed in the middle of a series of widély spaéed reinforcer pre-

sentations, peck acquisition was still rapid,; although somewhat slower
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\j Table 6 ‘ ;
Summary of Acquisition Performance for
Autoshaping Groups in Experiment VIIL
Proportion of \ Trials to Criterion of Five
~ Birds Which - Consecutive Trials With One
.. Meet Criterion T or More Pecks (Birds Not
-Within 30 Trials - Meeting Criterion are Excluded)
Median Range
Group T 1,00 _ 2.5 1- 7
Group TL 1. 00 | 6.0 3-19
Group TS . 0.20 , ' 8. 0% - %

#In Group TS, only one bird reached the five-trial acquisition
criterion within 30 autoshaping frials.
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than when the trial occurred in the absencé of additional reinforcer
presentations. It is of some interest to note that peck acquisition was

quite similar in these two conditions despite a drastic reduction in the

2

" stimnulus ~reinforcer contingency in Group TL. In contrast, when the

" alone arc sufficient to define effective waiting peri

\ effect. Earlier experimental data demonstrate that reinforcers placed

N,
\
N,

‘before, after, or before and after each trial do not substantiglly reduce

single trial occurred in the middle of a series of closely'spaced rein-
forcer presentations, peck acquisition was vex;y poor. TNvarying
the temporal sepa;a}iion—af'reinforcer presentations produces Iarée

differences in the rate of peck acquisition, éven when trial sepa_rati‘on

remains constant. These results indicate that reinforcer presentations

Y
The prescnt results also permit a {ind consigeration of the

possibility that local interference might account for the trial spacing

-

-

the rate of peck acquisition so long as trials are separated by long

®

temporal intervals. Stimulus presentations placed before or after each

trial are likewise ineffective in reducing the rate of'peck acquisition.

Within the domain of local interference, the only remaining logical

‘pos sibilities are that interference arises either f;'dm sfimulua-reinforcer
N

pairings or from a summation of the slight disruptive efuf.ects observed

when stimulus presentations occur before and after each trial. However,

the present results show that a single trial suffers a considerable loss

of effectiveness when the trial is embedded withina loné series of

~



closely spaced reinfofc.er presentations, Since trial prcsentaﬁiona are
separated by 24-hour intervals, the poor peck-acquisition observed in

this arrangement cannot be due to interference from temporally

proximal stimulus or trial presentations. This finding, together with

the earlier results, suggests that local interference notions cannot
. j? .

provide a completely adequate account of the trial spacing effect in
autoshaping. _Sinée.'ghe immediate context of trial presentation-does
not seern to be critical to the spacing effect, the effect must be due

to some feature of the pétterh_of‘ events within an entire experimental

session.

e e
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EXPERIMENT IX
Stimulus Context

In exploring the characteristics of waiting periods which are
s ‘

AR A

important to rapid peck acquisition, the preceding experiments have
provided inforn-;ation concerning the number and position of waits and

boundary events. Experiment IX is designed to evaluate a third potentially

important feature of waiting periods, namely the stimulus context in

i

which ihe wait occurs. Is rapid peck acquisition dependent on waiting

in the stimulus conditions which constitute the background for trial

presentations ?

The bresent experiment attemp.ts to assess the importange of
such stimulus conditions by varying the situational stimuli during waits
across a long series of trial presentations. A diagram of the experi- o *
mental conditions is shown in Figure 16. One trial occurs within
each autoshaping session. In one condition, the houselight and white

e

noise are present continuously, }w{h during the trial and during long

waits before and after the

ial, If the effectiveness of a waiting pericd
depends on the preét? e of situational stimuli similar to those occurring
dluring trials, then{peck acqu:isition should be more rabid in the second
than in the first of these two autoshaping conditioné. Two other gondi-

tions are included in order to explore the possibility that not only

90




“Figure 16 -~

Diagram of autoshaping conditions used in
Experiment IX,
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sﬂmulus context, bl'lt also the poéition pf the walt is importani to pccl‘c
zg__cquisitioﬁ. In one coaditj.‘on', the wait in the presenc.e of the houselight.
and white noise px.-ecedes'the.trial. while a wait in the blaékout condi-
tions follows the trial; in the -otﬁer condition, the bléckout precedés

the trial, while the wait with houselight and whitg noise follows the

trial.

Method

S!abjec_ts: Subjec?s' were 24 experimentally naive White King
‘pigeons, approximately one year of age'. The sex of the birds was not
- determined., All birds were maintéined'at 75% of their free-feeding |
wéights and fed Purina Pigeon Cheékers both in the home cage and
during experimental sessions.

AEBar-ath: Tﬁe apparatus was the same as that described in

Experiment. V1.

Hopper training -pr‘ocedur?: The hopper tra:ining'procedure was
the same as t.hat describéd in Experiment. VII, with one addition. After
the final sessiéﬁ of the usual hopper training procedure, all birds
received two additional sessions designed to perfni.t adaptation to
brief experimental sessions and blackout. During each ad;iptation
session, d bird waited in the experirr;ental chamber for 7 minuteq in
the absence of houselight and white.noise'. Following the bl;a.ckout. :

the houselight and white noise were operated for 60 seconds; one
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4-gecond hopp'cr presentation was initiated 38 seconds after the onset
of houaclight and white noiae. After the offaet\nf the houselight and

white noiae. the bird remained in the blackout<onditions for 7 minutes

W

before being removed frorn the experimental chan‘pber a.nd returned

to the home cage. " The two adaptation sessions were separated by an

J

11.5-hour interval, and the first autoshaping session occurred 11.5

hours after the last adaptation session.

’

Autoshaping procedure: Six birds were assigned to each of the

:‘fgur aitoshaping conditions, For all autoshaping groups, a trial

consisted of an 8 second illumination of the red dot on the response
kcy. followed immediately bylva 4-gecond hopper prcsentation, cne trial
occurr.e.d in each 15-minute session, For one group (Group BO/BO,
Figure 16a.), blackout conditions were in effect for 14 minutes of the
expefimental session. The houaelight; a.nci white noise were operated

only durlng a l-minute mterval which began 7 minutes after the onset

" on the session; the onset of the trial presentation occurred 0.5 minutes

after the onset of the houselight and white noise. For the second

group (Grm.1p W /W, Figure 16b.), houselight and ';vhite noise were
present continuo-uély‘ throughout the experimental session; the onset of
the t‘rial presentation occurred 7.5 minutes after the onset of the session.
For a third autoshaping groﬁp (Group W/BO, Figure lbéc.}, the house-
light and white l?ois'e were present continuously during the first 8.0

minutes of the experimental session; the onset of the trial presentation

—r
'
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o ‘
occurred 7.5 minutes after the onset of the session. Blackout condi-
tions were in effect'during the final 7.0 minutes of the segsion, For a

fourth group {Group BO/W, Figure 16c.}); blackout conditions prevailed

. during the first 7.0 minutes of the experimental session; the houselight

and white noise were operated continuously during the remaining 8.0

)

mingites of the s;esgion_ The onset of the trial presentation occurred
7.5 minutes after the onset of the s:es-sion and 0.5 minutes'a.f_ter the
onset. of houselight and‘white noise.

Key pecks were recorded but never had programmed consequences.
All autoshaping sessions were separat.:ed by 11.5-hour intervals. The
birdls were run for 30 sessions and fed whatever nécessary to maintain

their weight immediately after each.session.

Y

Results

Figure 17 shows a trial-by-tri::‘.]. analysis of the development of
pecking for all autosha.ping groups. Peck acqui_sition was slower in
Group BO/BO than in any of the other three autoshaping groups. At
Trial 30, peck probabilit_y was 0.83 for Group BO/BO, and 1.0, 0.83,
and 1. 0 for Groups W/W, W/BO, and BO/W, respectively. The median‘
number of t;-iz;ls required to reach- the five-trial acquisition criterion
was 18.5 for Group BO/BO, and 3.5, 3.0, and 3.0 for Groups W/W,

W/BO, and BO/W, respectivély. Statistical comparisons based on

distributions of criterion scores showed significant differences between



Figure 17

Trial-by-trial analysis of the development

of pecking in the first 30 trials (30 sessions)
of autoshaping for all groups in Experiment
IX. _ S
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Group BO/BO and Group W/W (U= 0, p <0.01, Mann-Whitdey U, two-
tailed test with adjuéted_sign.iﬁcance levéls) and between Group BO/BO
and Group BO/W (U= 2, p< 0.05, Mann-Whitoey U, two-tailed test

‘with adjusted significance levels}). No other comparison was statistically
significant. Table 7 summarizes a.cquisition";;erformance for each

group in terms of the proporﬁon of birds reaching criterion and the

median and range of the distribution of criterion scores.

-

Key pecking during non-trial intervals was infrequent. Most

birds never pecked‘the l{ey, and 001)1\_ 4 of the 24 birds had peck rates
which exceeded 0.10 pe:ks /second in any one session. Pecking during
waitin‘g periods tended to occur more frequently during early auto-

.shaping sessions than during later sessions. /’_/\
Discussion \‘ | . :
The results of this experiment indicate that the effectiveness of

a waiting period is influenced by stimulus context. Waiting in the
stimulus sitqation which constitutes the background for tri-al presenta-
tion leads to rapid peck acquisition, while waiting in a very different
stirnulus situation leads to much slower peck acquisition. So long as
the animal experiences one long wait in the appropriate stimulus

context, it seems to be unimportant whether this wait occurs before ~

or after the trial presentation. This latter observation rules out two

other possible interpretations of the slow acquisition shown by

B e
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Table 7

Summary of Acquisition Performance for
Autoshaping Groups in Experiment IX,

Proportion of Trials to Criterion of Five
Birds Which Consecutive Trials With One
Meet Criterion or More Pecks (Birds Not
Within 30 Trials Meeting Criterion are Excluded)
Median Range -

Group BO/BO 0. 83 18. 0 7-24

Group W/W 1. 00 ' 3.5 2-'5

Group W/BO 0. 83 2.0 . 1- 7

Group BO/W 1. 00 5.0 3- 7

R SR P W - - P PP
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Group BO/BO. First, one might argue that a blackout occurring just -
before or after trial presentation has lg.nqoudit:ioned effects which
interfere with the development of pecking during the trial. However, '
if such unconditioned eifects did interfere wit-h peck acquisition, then
acquisition should be slow in the groups wfxich experienced a blackout
either before or after each tri-al. Since acq@siﬁon in Groups W/BO
a-nd BO/W is as rapid as acquisition in (iroup W /W, slow acquisition

in Group BO/BO cannot be attributed to the unconditioned effects of

blackouts adjacent to the trial.

\_ ~

Secondly, one might "a:.rgue that poor acquisition in Group BO/BO
was due to th-e fact that the houselight onset served as a signal for the
immediatély subsequent food presentation. According to this argument
the imporfant signalling event is not the situational stimuli which are
present during the brief interval when the reinforcer is presented, but
the initiation of these stimuli just prior to the reinforcer occurrence.
If this were correct, then peck acquisition should be slow in Group
BO/W, which, ‘like Group BO/BO, experienced the houselight onset
immediately before food was presented. However, ‘the data show that
Group BO/W .l;egan pecking as soon as Groups W/W and W/BO, which
did not experience houselight onset just before food presentation.
Thus; poor acquisition in Group BO/BO must be due to the fact that

situational stimuli were absent during the waiting periods before and

after each trial

-

PR T S Y PRV s e Ty S



R

GENERAL DISCUSSION

- - Conclusions SN

Tl}e central issue of this thesis is how the temporal spacing
of stimulus-reinforcer pairings influences the development af the
stimulus as a.-:.;ignal for trhé reinforcer. In agreement with results
reported previously by other investigators, th;': present expe;'iments
demonstrate that the initiatiod of pecking in an autoshaping situation
requires many more trial presentations if trials are separated by
short, as compared to long, intertrial intervals. The results of
E:;perimehts I-VI show that the influence of trial spacing on the
development of a signalling stimulus cannot be attributed entirely
to variations in the irnmédiéte context of trial presentation.

In considering the pattern of events across an entire experimental
session, it was noted that the two spacing conditions differ in,respect
to the presence or absence of a long, event-free interval between
trial presentations. Long intervals or waiting periods lead to rapid
peck acquisition. Three characteri‘st:i.cs of waits were discussed as
being potentially important to rapid peck acquisition. The three

characteristics are thée number and position of waits, the beundary

events which define waits, and the stimulus context in which waits

[
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occur. Subsequent éxperirﬁeﬁts explored changes in peck acquisition
which follow from systematic; variation of these characteristics of
waits.

Experiments VI and VII concerned the number of waits and
their position relative to trial presentations. Thé.results of these
experiments lshow that peck acquisition is equally rapid whether trials
are spacgd at.regular intervals or 'clustgred into six blocks within a
long experimental session. A single Ioﬁg waiting period preceding
a se‘ries of closely spaced trial presentations leads to slightly more
rapid peck acquisition than- a series of closely spaced trials without a
wait; however, a long wait preceding cloself spaced trials does not
lead to the rapid peck écquisition observed when all trials are separated
Hy waits. Therefore, while it is not necessary for every trial to be
temporally isolated, rapid peck acquisition seems to require some
alternation between trials and event-free waiting periods.

Experiment VIII concerned the boundary events which define
effective waiting periods. One trial is preser{ted in the middle of a
long series of reinforcer presentzitions. Varying the temporal separa-
tion of reinforcers produces large differences in the rate of peck
acquisition, even though the temporal separation af t?ials remains
constant. Thus, in order for a waiting period to affect the development

of pecking, it is sufficient to vary the interval between reinforcer

presentations alone.
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Finally; Experj.ment IX concerned the gtimulus context of a wait,
The results from this experi;nent demonStrate that waits in th-g. stimulus
situation which constitutes thé background for trial presentation lead
to more rapid pe;ck a.cquisitidn than waits in a very different stimulus
situat;'.q)r{.r So-long as the animal experiences waits in the stimuius

'situa.tion. the location of these waits, before or after the trial, seems

to be unimportant.

Theoretical Interpretation:
Stimulus and Response Competition

An earlie-r section of this thesis described two theoretical

"accounts which emphasize the role of intertrial waiting periods. in their
explanations of the trial spacing effect. Bc;th of these accounts assume
that long event-free intervals a1;e important to the development of
pecking because such intervals permit the extinction of competing
associations. The discrimination learning model, based ‘c;n the work
of Rescorla and Wagner {1972; Wagner and Rescorla, 1972),_focuses
on the thinction of cor;lpefing s.timul;xs associations; the response
competition accouifit discussed by Martin and Golinko (under review)
focuses on the extinction of incompatible behaviors. However, the
lresul'ts of Experiments VII-IX suggést that these theoretical. explana -
tions should be considered in light of a question which 1s more i:a.sic

to the understanding of how signalling relationships develop. This

more general question concerns the nature of conditioning to situational
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-stimuli and the relation of such conditiorﬁ.ng toca sigpallin’g stimulus.
Discrimination learning and response competition accounts assume
t};at reinforcers or response-reinforcer sequences may be associated
with situational stirhuli,/aﬁd that such associations compete with the
signalling stimulus for the control of behavior. - However, an alterna-
tive possibih'..ty is that situational stimulibaré associated with reinforcer-
reinforcer intervals; in this case, development of a signalling stimulus
may depend on the duration of reinforcer-reinforcer (R-R) intervals.
The folloﬁng discussion first reviews thg—:se two types of accounts in
the context of the present experimental findings. In the concluding
gection of the thesis, the r(iption of stimulus-R-R interval associations
is contrasted with discrimination learning and responée competition
'accounts, and an experimental test is suggested to evaluateft}zq two
types aof theoretical explanations.

| Let us now consider response and stimulus competition accounts
of the experimental data concerning waiting pericds. First, both g
competition accounts preditt that the number and position of waiting
periods should affect the development of pecking. A single long wait
prior to 2 series of trial presentations leads to improved peck acquisi-
tion. Since the pigeons receive numerous food presentations in the
experimental chamber during hopper training, competing associations
may be quite strong p.rior to the beginning of;utoshapiing. A long

period of time without food presentations should allow these associations

»
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to éxti.nguish. Although peck acquisition improves only slightly when
- .
trials are closely spgced foudwing a long wait, this result is.not
surprising. The onset of a.u_tosbaping leads both to conditioning of the
k;y light and to reconditioning of competing stimulus or response
wassbciations. In the absence of additional ‘Iong extinction periods,
competit.ng associations might be éxpected to regain sufficient stréngth
to interfere considerably with the emergence of pecking to the key
light. This explanation is consistent with the-'. observation that rapid
peck aéquisition requires a series of alternations I:;etween trials and

long waiting periods.

Secondly, the present theoretical accounts anticipate the finding

that the effectiveness of waiting periods depends on the temporal

A
y

spacing of reinforcer presentations. Unsignalled reinforcer presenta-
tions incx;ease the strength of competing associations. When'reinforcer
presentations are closely spaced, the time available for extinction of
these associations is minimized. However, when reinforcer presenta-

tions are widely spaced, considerable time is available for extinction

of competing associations. Consequently, one would expect the observa-

tion that pec;k acquisition during a single trial depends on the temporal
spacing of surrounding reinforcer presentations.

Fi.nally, the discrimina.tionlgarning account of the spacing effect
is based on the assurﬁption that Wai%ing periods provide fhe opportunity

for extinction of associations between situational stimuli and reinforcer

LT T TIge - 2
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presentations. Obviously, it follows that a_w.aiting period sho‘uldl
improve peck acquisition only to the extent that thelstirnul.us conditions
of the wait are the same as the stimulus conditions present during
autoshapi.ng trials. The response competition accaynt is consistent
with the presér‘xt results when one assumes that incompatible behaviors
are controlled b'y_;lthz;_ stimulus- situation in which they emerge. An

animal would noé éﬁit the incompatible behaviors in,a stimulus situa-

tion where reinforcers never occurred; sucl-; beﬁaviors would not,
therefore, be subject to extinction aqd would interfere with the develop- o
ment of pecking to the key light.

The discrimination learniqg account and the response competition
account are both consistent with the present set of A.empirical results
concerning waiting peripds. However, 2 review of these accounts in
light of i;he results from experiments concerning inﬂuence of local
events (Experiments I-V) produces some puzzling observations. First,
the addition of non-reinforced key-light presentaﬁons to the long ITI
spacing condition does not greatly red\7ce the rate of peck-aﬁquisition.
Neiti;er of the preceding accounts provide a ready explanation for this
finding, since non-reinforced stimulus presentations should weaken
associations between the key light or key pc;.cking and the occurrence
of food. Sec‘onc‘ily, the adc.litionlof unsignalled food presenfations to

the long ITI condition also fails to reduce the rate of peck acquisition

to a large extent. Again, this finding presents a difficulty for both

e
e
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“accounts, since un31gnalled food presgentations should ;trengthen
assocxauons with s1tuatxona1 stimuli or incompatible behavzora, and
hence interfere with the development of pecking_. ,
Although fin_dings concerning the eifects of local events challenge
both discrimination learning and response, compet1t1on accounts of the
tr1al spacmg effect, thf;se fmdmgs are not sufficient to re_]ect either
theé?etical description. Either account might predict such findings |
if one -selects approi::riate values for rates of acquisition gnd extir;ction
to the key light, situational stimuli, key pécking and incompatible
beha{ri.ors-.& Consider, for example, an explanation of the effects of
unsignallgd reinforcer presentations based on the discrimination
learning model. The key Light stimulus is assumed to be more salient,
and [-tl;us "morc; easily conditioned, ,than the background, situational .

stimuli. Given these parameter values, one would expect the observa-

tion that unsign-alled food presentations have little effect on the rate
¥ - . . >,

of peck acquisition. When the key light i-EI?iaj‘aired with food, the associa- .

tion between key light and food is greatly strengthened, while the
agsociation between situational stimuli and food is only slightly
Strengthened. When food is presented in the absence of the key light,

the situational stimuli - food association is somewhat strengthened;
however, the assoclation between situational stimuli and food is weékened
throughout the reinforcer-free interval between key;light -food pairingsﬂ.

~

Thus, the key-light -food association is always much stronger than the
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situational stimuli-food association, despite unsignalled foqc-:,lt'presenta-
tions. T
Both discrimination learning and response competition accounts

might be ela.bora;ted in the manner illustz;ated aBove to describe all
of the results involving additional intertrial eventg; I.n summary, then,
both theoretical accounts are capable of ékplaining not only the basic
trial spacing effect, but also the present setwof e;x‘;pirical .investigations
into this phenomenon. Unfortundtely, the present results é._re not
sufficient to s_elecf: one of these explanations over'theﬁother. The most
direct evidence concerning a response com.petition'account wp_uld come
from observation of t‘h/e‘behavi_or'ﬁ:f individual anima.;%- during hopper

. P i ;
training and autoshaping. The response competition account would -

receive strong support if animals were observed to develop behaviors

3
-

during hopper training or eaKrly autoshaping trials which persisted.

throughout key-light presentations when trials were closely spaced
and diminished in frequency when trials were widely spac&:l. If such
behavioral patterns were not evident from the observation of individual

animals, then the spacing effect would have to be explained in terms

In the absence of observational data to indicate respc;nse
competition, the two accounts of the trial spacing effect may be
compared from a logical perspective. The discrimination learning

model 1s-concerned with the basic processes underlying the formation

-
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of stimulus-reinforcer associations. As a result, there are two
logical arguments which favor discrimin?ﬁon learning over response

competition as an account for the trial spacing effect in autoshaping.

First, as discussed earlier, the discrimination.learning model provides .

én explanation for behévic‘u's observed in a wide varie:.:y of conditioning

: )
arrangements, including blocking, overshadowing, and conditi.oned
inhibition (Rescorla and Wagner.. 19725 V-fagner and Rescorl#. ~1972.).
By comparison, rt;_spbnse co'rrl:petition is an aa hoc account which may
apply to the trial spacing effect butl: does not offer a general explanation
of asso_ciative processes. |

" The second logical reason for favoring the discrimination learning

model is more directly related to the autoshaping phenomenon. As
was discussed in the introduction to the thesis, several recent review
papers agree in concluding that an undér§tanding of autoshaping involves
two problems: (a) the stimulus-reinforcer relations sufficient to
establis_h :a stirmnulus as a s.ilgnal for behavioral change, .a.nc:l (b) the
factors which determine the topography of behavior in the presence of
a lsigna‘lli'ng stimulus (Moore,‘ 1973; Hearst and Jenkins, 1974; and
Wiilifn%‘)?ﬂ. This analysis irnpliés that stimu]:us-rei;xforcer‘
association,is essential to initiate the app'roach and contact behaviars
observed in autoshaping situations. Since the discrimination learning
model offers a general account of stimulus -reinforcer associations,
tlze model relates directly to the origin of autoshaped behaviors, as

)
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'\well as providing an explanatior; c:f. the trial sl;acing effect. The
response competition account, however, emphasizes the role of
response-reinforcer relations in the initiation of behavioral change.
While response -reinforcer contingencies are sufficient to produce

behavioral change in many situations, a number of experimental studies

demonstrate that such contingencies are not ‘essential to the develop-
ment of approach and contact behaviors in autoshaping (Williams and
Williams, 1969; Herrnstein and Loveland, 1972; Hearst and Jenkins,

1974). Thus, in contrast to the discrimination llear'ning maodel, the

response competition account is based on processés which are not
cént.ral o the origin of autoshaped behaviors.

In considering the trial spacing effect in autoshaping, the discrimi;
nation learning model explains both the origin of behavioral change and

variations in the strength of such change within a single theoretical

framework. The response competition account suggests a way in

which response-reinforcer relations might constrain the development

of autoshaped approach and contact, but does not bear on the acquisition

of such behayiors. In summary, then, the discrimination learning

mode\l provid/es the more general and parsimonious interpretation of
)

the trial spacing effect in autoshaping.

.
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Theoretical Interpretation:
Stimulus -R-R Interval Assgciations

The preceding discussion concludes that either discrimination
learni'ng Or response competition accounts are adequate to explain the

basic spacing effect é.nd the pr;asent experimental results. The dis-

o

]
crimination learning model is partxcularly attractlve because it relates

’

the spacing effect to theoretical mechamsms which are perhaps funda-
mental to a broad range of behavioral phenomenﬁ (Rescorla agd Wagner,:
1972; Wagner and Rescorla, 1972). Let us now turn our attention to an
aiternativt; possibility, namely, the idea that associations between
situational stimuli and R-R inte‘rval‘s may influence the development aof

a signalling stimulus. |

Consider first how associations between situatipnal stimuli and

\
[ Y

R-R intervals might lead to the observation of a trial spacing effect.in
aui‘.osh:;ping. ‘ Whe;i trials are separated by long intertrial inte rvals,
situational stimuli are associated with long R-R intervals. In this
condition, the brief key-light stimulus provides considerable information
about the time of food arrival; peck acq;isition is, therefore, fast.
Experiments I-V tested local interference accounts of the spaciné
-effect by placing-extra key-light or food. presentatic;ns between widely
spaced tria1§. Either of these arrangements p‘roduce;s only a sﬁght

change in the information value of the brief key-light stimulus relative

to the R-R interval; hence the findings from these experimerts are readily
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explaiﬁed in terms of the present theoretical ac.count. The duration
of the R-R interval may be defined as either the avex;age time between

. f
reinforcer presentations or the rﬁa.ximurn time separating two rein-
forcer presentations; regardless of which of these definitiou_s one
selects, the addition of unsignalléd reinforcers to’é long ITI condition
reduces the R-R j.nt'erval. Thus, one expects the result that peck
acquisition is somewhat sli‘pwer with this arrangement than écquisition
in the standard long ITI condition: However, the addition of four
unsignalled reinforcers does not reduce the R-R interval to the duration
in effect for‘the ghort ITI .condition. Since the ket-y Iight.rerna\ins
relatively informative about the time of food arrival, peck acquisition
in groups receiving extra ‘reinforcers is much more rapid than acquisi-
tion in the sh'ort ITI reference groups. When non-reinforced key-light
presentations are added to the long ITI situation, peck acquisition is
somewhat slower than in the standard long\ITI condition, presumably
because the key light is, in this case, somewhat less informative

7

about the time of food arrival. However, since the R-R interval is

long, acquisition in the presence of additional key-light stimuli is
still much more rapid than acquisition in the short ITI reference
condition.

One further point is worth mentioning while considering the

stimulus - R-R interval account in light of the results from Experiments

I - V. The data from these experiments on local interference indicate
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that introducing extra events slows peck’a/c—qu.isitio_n somewhat even

—
.

L S
though trials are widely spaced; the reduction does not, however,

depen;:l on the temporal location of extra events in relation to trials.
As was lnoted in an earlier discussion, this conclusion is difficult to
explain in terms af stimulus or response competition models. Rein-
forcers occurring just prior to a trial sﬁould strengthen interfering
associations; the failure to observe such an effect can be explained

only by making special assumptions about stimulus saliences, acquisi-
tion rates, and extinction rates. Howeve r, the st;mulus - R-R interval
account requires no special assumptions to account for this finding.
The development of a signalling stimulus is assumed to follow from
stimulus -reinforce;.r pairingé occurring in the context of long R-R

intervals. The introduction of extra reinforcers is expected to slow

acquisition to some extent, because of the resulting reduction in the

R-R interval; however, the placement of the extra reinforcers is held

to be unimportant.

The assumption that situational stimuli are associated with R-R
intervals is also consistent with the results of experiments concerning
the characteristics of effective waiting periods. Experiments VI and
VU concerned the effects of varying the nulgnber‘and position of waiting
periods. In Experiment VI, trials were presented closely spaced in
blocks within a long experimental session. As predicted by the present

account, this arrangement does not slow the rate of peck acquisition,

mr_—
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presumably because the R-R interval is still much longer than in the
short ITI condition. However, when all trials occur closely spaced at
the end of a2 long experimental session, peck acquisition is slow.

Earlier discussions of this .findiﬂg suggested that rapid péck acquisition
requires an aiternat:i.on between trials or reinforcers- ar;d waiting periods.
In an account emphasizing th?c importalnce of long rein.Aforce r-reinforcer
intervals, it is therefore necessary to argue that experience with

severél 1ong R-R intervals is required in order to establish con‘ditions
which favor rapid develoﬁment of the key light as a signalling stimulus.

‘ Finally, results from experiments concerning boundary events !
and stimulus context are qufite readily interpreted in terms of associa-
t;.ions between situational stimuli and R-R intervals. Whena single‘
key-light - food pairing occu.rls in the middle of a Ioﬁg series of rein-
forcer presentations, one would clearly expect the spacing of the
ur;siénalled reinforcers to have a large ;:Ifect on peck acquisition. Thisﬂ
prediction is supi:orted by data from Experiment VII: long R-R
intervals lead to rapid peck acquisition, while short R-R intervals
lead to slow peck acquisition during the single daily trial. Since R-R
intervals are assumed to be associated with situational stimuli, it
follows that situational stimuli would have to be present in at least sorne
of the waiting periods which separate experimental events. As predicted

by this assumption, the results of Experiment IX show that when the

situational stimuli are substantially altered during all waiting periods,
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the development of pecking auring the trial is slow. 'Converéely. ‘when _
situational stimuli are présent during some or all waiting periods, the
develépr_nent of pecking is rap'}d. In summmary, then, the data from the
present‘se ries of experiments can be adequately explained in terms of
associations betv:feén situational stimuli and reinforcer-reinforcer
intervals.,
Concluding 'Corpments
The preceding discussions conclude that either competition or

R-R interval accounts are adequate to exp'lain what is presently known

about the trial spacing effect in autoshaping. It is now appropriate to

consider differences between these theoretical viewpoints. A major
peoint af contrast between the two types of accounts concerns the
temporal relation between waiting periods and trials. C;:»mpetition
models assume that potentially interfering behaviors or stimuli must&be
present just.prior to-the occurrence of the reinforcer in order to forr;a
competing associations. Rapid peck acquisition therefore requires
that waiting periods occur before trials so that potentially inferfering
behaviors ox: stimuli are, by virtue of extinction, weak at the time of
the key-light - reinforcer pairing. In contrast, the R-R interval

. e, - ‘
account argues that acquisitfon depends on the duration of the R-R
interval. It is presumably unimportaﬁt whether waits occur before or

after trials, since rapid peck acquisition requires only that key-light -

~



reinforcer pairings occur in the context of long R-R intervals.

This theoretical discussion suggests that the two types of accounts

. B
could be experimentally tested in an arrangement where the location o

waits is hxanipulated in relation to trial prezse.nta_tioﬁs. The design
shown ciiag_rammat:ically in Figure 18 gives one exarx;ple of such a test.
For each of three groups, a daily autoshapihg session consists of a

long series of uniformly séaced reinforcer presentat;ons. _A brief key-
light ilzl.umihation precedes one reinforcer presentation in the middle

of each session. For one group (Figure 18a.}, the remaining reinforcer

presentations are preceded by a blackout period which occupies the

sec_:ond half of the R-R interwval and ends at the onsét of the reinforcer;

" the houselight and white noise operate during the reinforcer presenta-,

tion and the first half of the next R-R interval. For a second group

(Figure 18b. ); the remaining reinforcers (exclu:iing the stimulus -

reinforcer pairing) are followed by a blackout period; the houselight
and white noise operate in the second half of the R-R interval until the
'

offset of the reinforcer presentation. For a third, reference group,

(Figure 18c.), no blackout periods occur at any time during autoshaping.

In Figure 18, a 100-second R-R interval is suggested to separate
all reinforcer presc;r;tations. On the basis of previously reported ex-
. j |
perimental results, one would expéct that this reinforcer spacing would

lead to a moderate rate of peck acquisition during trials for the reference

group. If the assumptions of competition models are correct, the group
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Figure 18

Diagram of autoshaping conditions for
experiment discussed in the final
section of the General Discussion.
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experiencing blackout periods.just before reinforcer presentations
Ishould_ sﬁow more rapid peck acquisitioln than the referenge group
because the blackout reduces the likelihood that situational stimuli or
non-pecking behaviors are associfated with reinforcers. The group
experiencing blackouts just after rein‘forcer presentations should show
lesls rapid peck acquisition than the reference group because the time
available fox;\extinction of competing associgtions is reduced. If, on
the other hand, the R-R iqterval account is correct, both blackout
groups should show slightly slower acquisition than the reference
group. While the temporal location of waiting periods is not expected
to have any effect, the reduction of waitir;g time in the presence of
approbriate situational stimuli might be expected to slow the rate of

peck acquisition in both blackout groups.

In conclusion, the present series of experiments provide consi-
derable information about how the temporal spacing of trials influences
the development of a signalling stimulus. In general, the results are
consistent with theoretical iﬁterpretatiéns which attribute the spacing
effect to differential interference from cbmpetirig stimulus or response
ass ociation§: However, a more general issde. which requires further
investigation, is the nature of coln::iitioning to situational stimuli and

the relation of such conditioning to the signalling stimulus. While

competition models provide one perspective on this problem, the

¢
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present data are not sufficient to reject alternative formulations. One

alternative account has been discussed here in some detail. However,

2 final judgement will require more rigorous analysis of the role of

situational stimuli in the control of behavior.

i



o

118
FOOTNOTES -

While the present aﬁaly.sis emphasize's the number of trials
réquired to initiate pecking, it should be noted that trial ép.acing also
affects ghe likelihood that key pecking will q:c:t’n.j at all within the
course of the experiment. In the reference grou:ps described in
Experiments 1-V, the proportion of birds reaching the five-trial

4

acquisition criterion within 240 trials (12 autoshaping sessions) was

-0.93 in Group L but 0. 70 in Group S.

Despite the fact that the majorﬂ:y of birds in Group S never
initiated persistent key pecking, observation of individual animals

showed that a bird invariably changed its pattern of behavior at the

onset of the key-light stimulus. The behavioral changes included

approach and orientation to the key, stereotyped patterns of head

bobbing in front of the key, and pecks directed to, but not contacting
the key. Thus, the key light exerted some control over behavior for
all subjects in Group S, even though most birds rarely contacted the

key. Since the observed non-pecking behaviors closely resemble the

~.

. pre-pecking behaviors described by Wesseué (1974}, it seems reason-

\
able to argue that such behaviors reflect weak stimulus-reinforcer

associations. It appears that the key light does become a signal for

behavioral change when trials are-closely spaced, but not so strong

a signal as when trials are widely spaced,
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2'I"he results of an unpublished experiment cpnducted by Dr. H. M.

| .
Jenkins provide further support for this conclusion. Two groups_of'

naive pigeons were trained to eat f{rom the.food hopper and then exposed
to the following auto;haping conditions. For both groups, one trial
(key-light ~ food paifing) occurred in the middle of each daily, 12-
minute experimental session. One group received only the single ;:rial
presentation, while another éroup re.ceived an additional fooci presenta-
tion which terminated immediately prior to the occurrence of the sing}}é

trial. The results of this experiment showed that peck acquisition was

: . e
rapid for both autoshaping groups. Thus, even when no delay separates

a reinforcer from the subsequent trial presentation, there is no sub-

stantial interference with the development of autoshaped key pecking.

3McAllister. McAllister, Weldin; and Cohen (1974) have
reported an experiment which attempts to test the discrimination

-learning account of the spacing effect. Rats were first exposed to

pairings of a light presentation (CS) and shock; the interval between

)

pairings varied from 15 to 225 seconds for six independent groups.

The strength of conditioning was tested ‘by measuring the latency to

-

¢scape from the gray conditioning chamber to an adjoining. white

2
chamber where the animals had never received shocks. For half of
::'_ff:‘.-";'>

Y

’ “-".-' b
the animals in each group, the CS was present fror the onset of the

test trial to the completion of the escape response. For the remaining

~ T

e

e e e =
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animals, the.CS was not presented during test trials. Re'sponding in

the latter groups presumably reflects the strength of ass o;iaft_ion

' between situational st'imuli and shock. F;r the groups where the CS
was present during test tr.ials, thG-: latenay o.f.the escdpe response
'decreas'éd.as a function of training ITI values between 15 and ‘105
seconds, | a‘nd was stable at tx;a.iﬁir-xg ITI 'values between 105 and 225
seconds. For groups where the CS was absent during test trials, the
latency of the escape re‘spoj;'ise decrt;a.sed as a function of training I"I‘I
values fup to 165 seconds and increased at the training ITI value of
225. seconds. .f: ‘

Although these data demonstrate that animals may form associa-
tions between situational stimuli and reinforcer presentations, the
results provide 'Iittle support for an accour.nt of the spacing effect iln
t.crms of the differential extinction of such associations. The theore-
ticgl account _outllined previously predicts that the st‘rength of conditioning
to situational s.timu.lfi shouid decline as the strength of conditioning to

. the CS increases across ITI values. However, McAllister,'ét__al,
<
report that responding to situational stimuli decreases af a point whle re.
responding to the CS no longer shows the eifect of changes in the ITI
value during training.
Some aspect's of the procedure used in this experiment suggest _

that the results cannot be taken as a disconfirmation of the present

theoretical account. One difficulty is that the validity of the results
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depend-on the animal's ability to distingulsh between the.gxdy condi-
tioning chamber and the white "safe" chamber.. Sincé’ the CS was
presentation of a light wh.ich gfeatly increased the brightness of the
gray conditioning chamber, the contrast between the two chambers

‘ m'ay not have been very great for groups tested with the CS present
until the completion of the escape response. This aspect of the pro-
cedure may have made the testing arrangement less sensitive to the
effects of the ITI value present during training.

However, another difficulty is mo‘re serious. McAllister et al. -
assume that the same response may be used as an index of conditioning
to both the CS and the situational stimuli. If this assumption is taken
to be correct, then the Rescorla and Wagner model cannot account for
the spacing effect. Since situational stimuli and the temporally di‘screte
CS occur simultaneously, the total amount of excitation present during
a trial is assumed to be the same for all groups. In a short ITI group,
much of the available excitation is assumed to be ass ociated with situa-
tional stimuli and less excitation is associated with the C_S.' In a IJﬁg
ITI group, less excitation is associated with situational stimuli, and
mkuch is associated wit.h the CS. What then distinguishés short from long
ITI groups is the division of excitation between situational stimuli and
the CS. However, if both sets of associations control the same paﬁern
of behavior, the spacing effect should never be observed; since the total

amount of excitation available during a trial is the same for both groups.

Lo mae
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thg strength of responding should be likewise identical for 'bothl groups.
I the spacing effect is due to differential opportunity for extinction
o.f‘conditioning:to situationél stimuli, then one must assume that situa;-
tional stimuli and the CS control different patterns of behavior. Because
McAllister, et-al. use the same response as an index of coﬁditioning to
both' sets of stimuli, their study does not provide an‘appro;riate test
of this theoretical account of the spacing effect. .However', the discussion
of this problerﬁ d_oés raise the queétion of whether tﬁe situational stimuli
and the key light can be assumed to control different patterns of behavior
in the autoshaping si.l_:ua.tién.
One available study suggests that conditioning to stimuli such as
a diffuse light does indeed lead to behavioral patterns other than key
pecking. Wasserman (1973) exposed pigeons to pairings of a key light |
and food in a chamber which was not illuminated by a houselight. In
the absence of a houselight, key light preséntation had the effect of
providing diffuse illumination in the chamber. Under these conditions,
pigeons developed distinctive patterns of behavior in the presence of
key light illumination, but rarely pecked the key. In contrast, when
the chamber was continuously illuminated by a houselight, lkey—light -
food pai_r.ings produced stvx‘-ong key pecking. These results suggest that
in an autoshaping at\g\angement with pigeons, spa.;;ially localized visual
stimuli lead to pecking while diffuse visual stimt;li lead to other ’@:att-erns

o.{ behavior.
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. ' APPENDIX

Hoppef Training Procedure for Experiment VI ‘
;

For the purposes of another experiment, the hopper training
procedure w;cls arranged to train{ the birds on a discrimination between
two colors of houselight illumination.. At any particular time during
a session, the chamber. was illuminated by one of three houselight
colors: white, red, or blue. The colors perceived as red and blue
by human observers are associated with wavelengthd” which seem to
be maximally discriminable to pigeons {(Wright #nd Cumming, 1971).
The white houselight consisted of an 1820 lamp, operated at 32 volts
DC. The red and blue houselights consisted of 313 lamps, operated
at 32 volts DC, and colored appropriately with DriMark wa.te;:prqof
marking pens. The lamps were washed and recolored as often as -
necessary to mait_xtain the designated color of chamber illumination,
The intensity of light produced by 313 lamps is much greater than that
produced by 1820 lamps. Tllxus. the brightness of cha:mber illumination
was about the same for all three houselight conditions, since the
intensity of the 313 lamps was dimi;zished when the bulbs were coiored.

buring discrimination training, the lfood hopper was presented
in the pfesence of one houselight color (S+) and never presented during
a second houselight color (.S-). The third houselight color (S,) was

used only during the autoshaping phase of the experiment. The colors
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and positions of houselights associated with S+, S-, and S, conditions

were counterbalanced for all groups. In Session 1, all birds were

hg
o

placed in the experimental chamber for 50 minutes dufing which only
the S- houselight and the white noise were operative. In' Sessions 2-11.
th;a birds were exposed to alternating presentations of S+ and S- house-
light illumirqation. The durations of St and S- periods were determined
by a geometric distribytion of 30-second intervals where the probability
of a stimulus change was 0.33. During each 30-second S+ interval, the
probability of a hopper preséntation was 0.57; approximately 30 4-second
hopper presentations occurred in each session. The mean duration of
S+ and S.— periods was 90 seconds and se;‘.siOns were about 70 minutes
in duration. All birds were observed during Session 4 tc; see that they |
were eating from the food hopper. Two birds were not eating during
hopper presentationé; one bird started eating after receiv‘ing manual
hopper training (as described in the General Methed, Experiments 1-V)
| and the other bird was replaced after failing to begin eating during
r;aa.nual training.

: When' this discrimiqation procedure failed to produce behavioral
differences between stimulus conditions, discrimination training was
co;tinued for another ten sessions with some procedural changes. S+
periods were reduced so that the mean duration was 45 sec‘ondé; the

probability of hopper presentation was 0.57 for every 15-second S+

B i R SRR LINTI. § SN PIPR ANPLT NY P PSEN



125

interval. S- periods were lengthened so that the mean duration was’
225 seconds.

Throughout hopper training, the birds were run daily and fed
whatever necessary to maintain their weight immediately after each

session. ' . ; -
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