on

.

EFFECT OF NUMBER AND LOCATION

OF S~ ON DISCRIMINATION

hd °
»
s
Y . ;
4
Pa— .
? v
. o
A3 N v
LY L
. u
N . .
’
A% N
.
. . - -
.
]
. .
[ .
Ay
.
.
N
. ‘
.
. -
- '
.
.
«
» .
N
- -~
- B
. .
. .
- * .
.
.

-



EFFECT OF NUMBER AND LOCATION OF NEGATIVE

TRIALS ON A FEATURE'POSITIV? DISCRIMINATION

by

"Maria Catalina Filip de Duarte, B.A.

'~ A Thesis
Submitted to thé Faculty of Graduate Studies
in Partial Fulfillment of the Requiremeénts
for the Degree
of Master of ‘Arts

McMaster University.
_April, 1977

Y

-ii

* .
. © Maria ' - “ina Filip de Dua



N

MASTER OF ARTS (1977) : o McMaster University
(Psychology)

*TITLE: Effect of number and location of negative trials on.a feature
) positive discrimination
.o 'S . .
AUTHOR: Maria.Catalina Filip de Duarte, B.A. (Universidad Iberoamericana)
SUPERVISOR: Dr. H.M. Jenkins ' )

NUMBER OF PAGES: 46, vii

iid,



ABSTRACT

Pigeons were trained to discriminate between two dlsplays differ-
.entiated only by a distinctive feature on the p051t1ve display. The
development of a simultaneous discrimination was measured by the percent
of key pecks on the positive display that were directed to the distinctive
feature, The effect of a) the sequence of p051t1ve and negative trials,
b) the number of negative trials, and c) the shape of the distinctive
feature on the development of dlscrlflnation were examined. N

An alternating sequence of a block of positive trials and a block
" of negative trials was interrupted by‘session breaks either between
positive trials, or between positive and negative trials. The location
of the session break preserved or prevented within session trans-

itions from negative trials to positive trlals. Sequences that preserved
the within session transition from negative to positive trials were
highly effective in producing control of key pecking by the distinctive
feature. Sequences that prevented within session transitions from
negative to positive trials were less effective, particularly when the

«~ shape of the distinctive feature was less preferred. The more trials

in the megative block the moere rapidly discrimination occurred. However,

not even-thé langest block was capable of producing control of key pecking’

by the le¢ss preféﬁré& distinctive feature when the session break pre-
vented a within session transition from negative to positive trials. Wt

The preparation employed in this experiment was particularly
stitable for evaluating the effect of sequential variables on stimulus
control. While differential responding ‘between positive and negative
displays ‘can be controlled.by the sequence‘of reinforcement and non-
reinforcement itself, differential 'responding within' the positive display
* cannot. a

iii(a)
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FIGURES "

Figure‘l. Idealized shapes of generaiizqgiwn-gradients obtained
| after simple conditioning and after discrimination
. training with a random sequence of S+ and S- triﬁls.
Figure 2., .Tope panél; Arrangements of S+ and S- trials to which-
different groups were e%posed.

-Lower panel: Two pairs of display used as stimuli.

- .

The location of the features-on the display was
varied at random from trial\éo tfial.' :
Figure 3. Mean percent of responseé on S+ trials that were
directed to the PF (dot) during the first-and second
“blocks of positive trial§ on each session of SRR
discriminat}on trainfng.
Figure‘é. ) &ean percent Af responses on S+ trials that were
l directed to the DF &stgg) during the first aﬁd
§écoﬁd blocks of positive trials én.each session of

~discrimination tradining.

~

.
.

Figure 5.. . flean number of response to $- displays for each
session of discrimination training inm experimental
K ” o - . . ¢
groups (dot as DF on_ positive displhysl;

Figure 6., * Mean number of regponses to S- for.each session of

discrimination training in tﬁg experimental groups

(star as DF on positive trials).

vi



Figure 7.

Figure 9.
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A

Top panél: Med: in number of $- trials presented

. before reaching the shift criterioﬁ for each
experimental group.
Lower panel: Median number of active S~ trials
before reaching the shift critérién (doé is DF) for
each experimentalkgroup. Indgvidual data is shbwn
by dark dots. Active 5- trials a;e trials with at
least one keypeck%
Left panel: Medidn number of S- trials pre§enf¥d

-~

»before reaching the shiftg criterion for aeach of

the PNP Groups.'
” S °
Right panel: Median number of active $- trials
before reaching the shift criterion for each of
" the PNP.Grbups. Individual data shown by dark
dots (star is the DF).
Top panel: 'Mean percedt of responses on §+ trials
that were directed to the DF (star) during sessions
17 and 18 of discrimination trainjng with nonrandom
sequences and during each of the six training
sessions with a random sequence. .
Lower panel: Mean number of S- responses during .
$ . ’y- » s -.. .-
sessions 17 and 18 of discrimination training with

nonrandom sequences and during the six training

1 N
sessions with a random sequence.

Cwvid
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Introdaction ) .
A common’brocodure for training a discrimination between

. .
successively presented stimuli is to present them in an irrvegular

\ .
‘sequence, associating reinforcement with one stimulus and ‘nonreintotce-

ment with the other. Paviov's so-called method ot contrast explifies

. . . . I . ..
the procedure in classical conditioning: LSi trials (reinforced) are

“presented in a mixed sequence with CS2 trials (nonreinforeed). The
parallel arrangement %n operant conditioning involves periods of |

. , N . .
reinforcement of the response in the presence ot bl intermixed with

ather-periods when S, . is presented without reinforcement. In each
case the result of training, assuming appropriate parameters, is a

Vgo/no~go performance; the response to the positive stimulus is
maintained while the response to the negative stimulus is eliminated

or at least reduced. ° . .

e
.

- i s . . . - - . ) + . =
. It is well known that training with a mixture of 51 and 82

-

"trials can produce a greater performince differential to SI-S? than
. - . -

is found after simple canditioning to bl followed by a test of .

. .
performance with Sl pnd‘Sé. Intermixed training selectively reduces

the tendency to reéspond to 32. For example, if Sl were a Lone at

1000 Hz and 32 a tone at 3000 Hz the rebeated reinforcement of a

.
response to,Sl would, in a typical case, produce a strong tendency to

v

respond when 52 was presented.  The §, strength would have two-

2

sources: 1) stimulus generalization based on the similarity betwveen

Sl and 5,, and 2) conditioning, t}?nonauditory features of- the

. experimental situation that accofwanied both §, and S, presentations,

1 2
-1 -

L3

»



"2,
or, in‘other words, conditionin’ to commen features. When these sources,

of responding on 5, trials are substantial, performance will not be

.

sharply controlled by the 81—52 stimulus variable. TIn order to obtain

L

sharp stimulus control these sources of strength must be reduced. The
, : ,F N : . .
interminture of bl and 32 trials during training can accomplish the
needed reduction and thereby produce a great increase in stinulus

control, . : )

o

Although it is known that intervspersing § trials with §

2 1

trials produces Strong stimulus control, the process by which

interspersion accomplishes its effect , is not well understood. A

~

better understanding of the process will require systematie data on.

#he effécts of different degrees of interspersion, or more gererally,

2

training scquence. The principal purpose of the present Oxperiment is

on the c¢ffects of varying the location of § trials ‘'within the

¢ . ¢ . *

to obtain such information.

-

The usual strategv of previous research on the'location of
Sé" trials has been to vary the degree of interspersion of Sz— with

+ L . -
S] trials during ¢raining ahd then to test stimulus conlrgg in a
separate phgse. -For subjects trained with minimal interspersion of

o 1 .- . 2 . . ‘
SJ and 52 , the trials are presented -in uninterrupted blocks of one or’

the other trial tyvpe. _This seqience, iike every nonrandom sequence

of trials, introduces the possibility that résponding will come under

the control of sequential cues for reinforcement and nonreinforcement.
There is ample evidence that a partial go/no-go.discrimination can

»

develop on the basis of regularities in the sequence of reinforced

and nonreinforced-trials when no differential ‘trial stimuli are

.

present (e¢.g. Verplank, 1942; Jenking, 1965; Capaldi, 1971). Moreoverf

a
»
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minative stimuli it is necessary to dise®ntinue training under the

: 3
e, .
(e

as experiments reviewed later deronstrate, a discrimination based on the
. . . . * * - . .
predictabilitv of the sequence can develop even when reintorced and
. . ;
nonreinforced trials are also distinguished by discriminably different

trial stimuli. <

The possibility of effectivé sequential cues means that in

AN

« -
order to obtain an unconfounded assessment of control by the dYscri-

-
.

<

nonrandom scequence. A common procedure is to evaluate stimulus control

4

by means of «timulus generalization tests in which reinforcement is

?
discontinued and the formerly -positive and negative stimuli are - &

presented 4ogether with a range of intermediate stimulus values in a

-

.

random series,

. in the present experiment a new procedure is used to.study
*

-

the effect of the location of Sz— trials on «discrimivative performance. -

.

The new procedure allows ome to examine the developmént of a discri- -

mination based on the Si-S trial stimuli .without an interruption of

2

training hy a switch from a nonrandom to a random sequence of trials. -

Before deseribing the new procedure it will be useful to review the

*

principal results that have been obtained to datc in experiments =~ &

emploving a separate test of stimulus control.

An evaluation of the effect of a particular sequence of )
. R ’ .

and‘S)_ trials Lypicﬁlly entails comparing gtadients of generalization

after cach of three training conditions: 1) simple conditioning

. + - . : . .
with Sr presentations only, 2) fully interspersed presentations
- * v

+ - ! : : ; y
of S1 and 82 , and 3) a particular nonrandom sequence that involves

reduced interspersion obtained by a siugle or repeated alternation of

B



. . . . 4.

+ - : . .
blocks of S and 52 ‘trials. Cwmpé;lsons among these gradients allows

1

one to assess the effects on stimulus control of a given form of

< - - . N . .
reduced interspergion in relation to the effects of fully interspersed

presentations of S2 .

v

The stimulus generalization gradient obtained after fully
interspersed training (sometimes called the post aiscriminatﬁfn". rJ7
gradient) cémmohly differs from the one obtained after simple ;opditioning
in several respects. The differences are brought out in Figure 1

which shows, in idealized form, typical gradigents of generalization
L] N < \ . .
/

N

after each type of training.
¢

» B -

Insert 'Figure 1 about here

g - A
* .

The 1l4terature in which generalization gradients are compared g
” has developed a nomenclatureﬁ ot completely standardized, which

includes the following terms. When compared with the gradient obtained ?

after simple conditioning the post discrimination gradient is said to

2’

clevation of'the peak and peak shift. Sharpening of control refers to

show sharpening of control, selective reduction of responding at S

. .

the .steeper deciipe in responding as one moves away.from the stimulus

‘ .

value at which maximal respondigé‘occurs. .As a result, a largep

percént of ‘the total responses in the entire gradient occurs: at the

.

point of maximal responding. Selective reduction’has been variously”

defined (aud EQTOtimcs not defined) but for the purposes of ‘this

-

review of previoB% experiments we consider that selective reduction
occurred at 82 if the.pe;cent'reduqtion in.responding from Sl to 82

was greater in the post discrimination gradient than in the gradient

/
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’eak. shift occurs when the point

I
Rl AL

obtaied after simple conditioning.

of maximal responding is shifted from S1 in a direction away ftrom 32.

-

Elevation of the peak occurs when the total amount of responding at

. . [ % . . . . ] .
the point of maximal rcésponding is greater in the post discrimination

gradient than in gradient after simple conditioning.
It is convenient to review experiments on the effect of the

sequencing of Sz— trials under three categories: 1) those in which

only one block of § trials is pgesented (massed extinction),

2

2) those in.which interspersed discrimination involving one S (say

Sx ) precedes % massed extinction on 5, (massed extinction preceded

<

. - . . + .
by interspersed training) and 3) those in which blocks of Sl trials

are repeatedly alternated with blocks of 87- trials (repeated blocks).

Massed extinction. Honig, Thomas and Guttman (1959) were the.

first to evaluate the effects of massed extinction on the generalization

gradient.”. Thev reinforced pigeons on a variable interval schedule for

. /!
pecking a key illuminated By a narrow band of wavelengths centered at

N .o
550 nm (Sl Y. After 10 sessions of tralning (simp{F condittoning)
half of the subjects were exposed-to a single extinction session with
the keylight at S7O'nm.(827). Generalization gradients along the
wavelength dimension'were measured the next day. All subjects then

. . : + . - '
received further training with S1 and 82

a scecond test of generalization. When compared with the gradient

.

interspersed followed by

obtained after simple conditioning the gradieml after interspersed
discrimination training showed all of, the effects illustrated in
Figure 1. The post discrimination gradient was sharper, showed peak

shift, an elevation of responding at the peak, and a selective

reduction of responding at SZ' None of these byproducts of interspersed



‘

i .
discrimination training appeared relisbly in the gradients obtained
. . ) ! .

. *

after massed extinction on §,. Cbmpn}ed with simple conditioning,
massed extinction resulted in a lower tendency to respond at all *

. .
stimulus values but the percent redurtion was just as large at 5, as
By ¢

1

at SZ’ The experiment providéd a clear demonstration of what had
. . ®

been suspected: a single block of extinction on S2 is less effective

’

in increasing stimulus control than is interspersed training with‘S2 .

It raised the stronger possibility that without interspersion (i.e.

+ - . :
without a.return to\Sl~) the S2 trials had no selective effects on
. < N -

“

the profile of responding to stimulus values. The weaker conclusion

has held up in subsequent research but the 'stronger one has not.
Honig et al, stated a general conclusion in a way that was’
later challenged. They concluded that the effect of discrimination

. . . + - : . .
training with interspersed § and S presentations was more than

-

1 2

could be accounted for-by a combination of excitatory effects at S1

_ That conclusion assumed that extinctiadn

.
*

and inhibitory eg{ecgs at 52.

at Sz_ was sufficient to make SX inhibitory, but that is an assumption

v
i

that requires’ a separate test.

- Weisman and Palmer (1969) examined the question of whether,

a

massed extinctjon produces inhibition with a procedure for testing

inhibition that was described by Jenkins and Harrisen (1962). In

this procedure the nonreinforced stimulus, SQ, consists of § plus

1

a second stimulus. In the Weisman and Palmer experiment S .was a

1

blank white pigeon key and S, was a vertical black line on thé same

2

e

“white background. The added stimulus is chosen so that it ¢an be

? presentation’

.

varied durfqg a generalization test without making the $

as a whole any more, or less, like Sl (the added stimulus is said to



. that respondinf was inhibited by S,. Since the increase+in responding

produced by a massed extinction on S

7.

be orthogonal to Sl)' If a test of generalization over line orientations

. (the vertical
2 ¢

orientation of the line in the present example), one would conclude

were to show a U-shaped gradient with a minimum at S

.

it must be due to less inhibition

‘s

is not due to more excitation from S]

from SZ' Weisman and Palmer gave one group of pigeons discrimination

.

- - . + - . .
training with interspersed Sl and 82 periods and obtained a U-shaped

. x

gradient of inhibitdion over line orientation. A sectond group .

v rd
received massed extinction on Sz and it showed only a zero level of °
responding along the entire stimulus dimension. They concluded that,

. ' . N R .
massed extinction was not sufficient to make the nonreinforced

stimulus inhibitory. Hearst (1972) has,. correctly, questioned this

conclusion on the ground that floor effects may mask possible

inhibitory effects. The fact remains, however, that the same test

yielded evidence of inhibition after interspersed training and none after

massed extinction. One could conclude that the effetts of
) \ . s
nonrcinfor_ced*s2 trials on-inhibitory cortrol by S2 depends on

IS
.

whether the trials occur in a single block (massed extinction) or
. . + . L. ’ .
are interspersed with Sl trials and it is therefore not safe to

assume that massed extinction is sufficent to produce inhibition.

Massed extinction preceded by interspersed training. TFriedmap

and Guttman (1965) showed that some of the effects on the generalization

grédicnt produced by interspersed training with s,

can also be

2 if the massed extinction is

preceded by interspersed discrimination training on an unrelated

Sz', Bay~SX . In one experiment,’ two groups were first trained to

peck at a 550 nm keylight- for food reinforcement on a varjable

'

’



e

-

They then received interspersed discerimination

&

interval

schedule.
weén the 550 nm keytight (Sl ) and the same light on
The experimental group
¥

training bet
which a dark cross (SX ) was superimposed.
then received a single 40-min extinction session with a 570 nm keylight

.

(32 ) while thé control group received no treatment. Generaltization

gradients were obtained during extinction in a separate test session.

Gradients from the experimental groups were sharvper than for the

control and showed a peak shift whereas those in the control group
d

«

during

did not. The'authors concluded that the inttial interspersed
discrimination training on the unrelated stimulus had produced a
, .
2

-
.

state of susceptibility to specific extinctive effects on S

massed extinetion.
Yarczower (1974) also examinkgd the effect of prior discrimination

training in an experiment with pigeons and used stimuli similar to

’ * .. . . .
those used by.Friedman and Guttman. There were four groups. The
2

(simple conditioning). The second was

first was trained only on §
and then given a single massed extinction on S

trained on S1
2

+
The third and fourth groups first received interspersed presentations
The third group
and nonreinforcement on Sx , as did

and S and then a massed extinction on §

. of §
1 X
-, . +
received reinforcement on Sl
the corresponding group in the Friedman and Guttman experiment (dif-
and S were
1 X

[

ferential training). 1In the fourth group, however, S

equally reinforced (nondlifferential training). The results were
[

t

surprising on two.counts. First, simple conditioning followed by

.. '
massed extinction produced gradientis that were clearly sharper than

those obtained after simple vondit}oning alone. Yarczower suggested



that he obtained sharpening as the result of massed extinction

whereas Honig et al. did not because he subjected his pigeons to
a more comp]eL%-extinction on 82 . The second surprising result
. .

wag that both groups exposed to S, and SX prior to massed extinction

1

showed sharper gradients than the other groups. The absolute level

of responding -was greater in the group differentially trained

. »

+ - . . . . :
(s ,'SK ) but in terms of relative generalization gradients (percent

o/}total responses at each stimulus test value) it mdde no difference
. \ ‘ " ’
whether S‘ had been reinforced 'or nonreinforced. 1t now scems possible

that the effect of prior, interspersed discrimination training on
*y ‘

the efiectiveness of a™subsequent massed extinction is simply due to

’
.

the reinforced exposure to different stimuli rather than to differential,
go/no-go, discrimination training between those stimuli. :

Repeated blocks. We now review twe experiments that provide

.

. 2

presentations with training on repeated alternating blocks of §

. - . + -
a comparison of the effects of training on interspersed Sl , S

+ .
1

and 52 presentations. -

Yarczower and Switalski (1969) trained goldfish to nose a

+
key "illuminated with light at 550 nm, Sl , for a food reward. In
. + : . ’
each of 25 sessions, one group received 20 S1 trials only (simple

A ; . I .
counditioning), another received Lthe samg block of 'S, trials followed

1

by an equal block of 82

trials (590 um), and a third group received

- . 'S + N :
20 SZ interspersed with the 20 S1 trials. A partial go/no-go
- L J

“discrimination developed in both groups that received $ T trials.

2

However, when 82 trials occurred in a single block at the end of each

N
.

session the discrimination appeared to be based largely on the A



. 10.

. Y S : . £ :
occurrence of nonreinforcement, ~hich predicted further nnnrv\nlnrvvment,

.

rather than on the change in the visual stimulus. This was saggested
by the fact that a high percentage of all § responses occurred on

L4
the first few nonreinforced trials (62% in the first 5) whereas when

the $ trials were interspersed, the percentage of all $  trials

responded to was not greater for the first & trials than for later

.
.

trials (257 in the first 5). Generalization gradients on wavelength

v

showed a selective reduction in responding in the vicinity of S2 ,
when compared with simple conditioning, for both the blocked and

interspersed presentations of §, . However,- the selective reduction

& -

was significantly greater after interspersed training than after
bldcked «training. Only interspersed training produced a significant

overall sharpening of the gradient when compared with simple
‘ ] : ) . ’ /\/
conditioning. -
»
The most instructive experiment to date on the effects of

.
-

trial sequencing on stimulus control was reported by Ellis (1970).
The experiment provides comparisons among .simple counditioning,

interspersed discrimination training, and training with repeated

»

alternation of blocks of positive and negative trials in four
different arrvangements. In one group, labelled AU (acquisition=

extinction), each scséiqn consisted of a block of positive frials ’
. . ' . A
followed by a block of negative trials so that the only within-

~
. .

, s + - . . R
session transition was from Sl to Sz . A second group (EA)

. Lo - .t .
received only the transition from SZ “to SI *in-each session.
. .

The remaining groups (AEA and EAE) received both types of Lransition

in each sessgion. 'In order to examine the development of stimulus

control, four separate generalization tests were given after



»

]
?

cdifferent amounts of training. In the Jast phase of the experime

subjects were placed on a randem sequence of positive and negativ

trials. The-initial go/no-go performance om the random sequence

proyvides another assessment of control by the trial stimuli since

.

1]
sequential cues gre removed. The experiment involved the pigeon'

key peck to lights of different brightness. A go/no-go discrimin

. a

1.,

nt,

¢

S

ation

developed in all experimental groups. The development was more rapid

in the group with interspersed S2 trials than in other groups, b
N v - . .
the end of T4 session of training all groups weresshowing approxi

. . . . ta - o
the same overall difference in responding to sl and 82 . The

o

.

generalization test data showed, however, that the go/no-go perfo
was more under the control of the visual stimulus in groups -that
been exposed to the transition from negative to positive trials w

sessions (EA, AEA, EAE) than in the group that received the posit

v
.

“to negative transition only between sessions (AE). When compared

the gradient after simple conditiqning the groups with the EA

transition showed sharnening, peak shift,'elevation of the peak,
reduckion of responding at S, . The AE group, on the other

<

showed neither sharrening, peak shift, nor elevation of the peak

by the-end of st ing there was selective reduction of responding

’

Performance on the random sequence was consistent with generaliza

test data: .the AE group responded indiscriminately to positive a

™ .

negative trials during the first’ session on the random sequence

whereas the groups trained with a within-session EA transition

‘maintained their differential<performance. The results show in a

convineing way that the negative to positive tronsition withdn a

ut by

mately

rmance
had

ithin

ive .
with

o

and selective

"

hand,
although
at S, .
2
tion

nd

o



) . K . . 17,
. ) , ,
session mikes a verv substantial-.Jdifference to Lhe degree ot stimulus
[4
onntg%l that ie developed from repeated cxﬁnsprb to positive and

negative trials.

.

»
That the transition from negative to positive periods has a
powerful influence on stimulus control was also demomnstrated in an

experiment by Rosen and Terrvace (1975). 'This experiment in which

pigeons were trained with certain wavelengths or line orientations on

the kev, was concerned with the minimally adequate’ ‘wnyHtinns‘fUr
obtaining inhibitorv gradients, a selective reduction in responding
in the vicinity of 32 , and peak shitt. After extensive training on

L+ , . . . ' . .
bl some groups rveceived only extinction on § (massed extinction)

2
betore the generalization test. Other groups received various

\ ~ Lo
treatments immediately following extinction on 5, . Among Lhese

»

* In this
. n i
1
case, the trairming was comparable to a single cvcle of AEA training
& .

in the.experiment by Ellis. When compared with simple conditioning,

treatments was a return to reinforced responding to S

massed extinction produced some selective reduction in responding in

the vicinity of SZ-'but it produced neither peak shift nor inhibitory

. . s .t . .
gradients. The return to 51 at the end of extinction, even though the

‘.

exposure was limited to three one-minute periods, resulted in'a

greater selective reduction at SZ’ peak shift, and inhibitory gradients.

Surprisingly, similar effects were obtained when the post extinction

.

treatment was a return to S1 but without further reinforcement, or

the free delivery of unsignalled food. Leaviag aside Lhis puzzling
fact, the results, tike those of ElLlis, point to the within-session

transition from nonreinforecement to reinforcement as especially



. : 3.

cfffective in the development of tLimuylus control.

The review of previous literature on the sequencing of

positivc'und negative trials leads to" the following summarv.

3

When compared with simple conditioning, discrimination

¢
v

training with positive and negative trials interspersed is commonly

found to increase stimulus control, to produce a shift in .the

3

point of maximal, responding awav from the negative stimulus (peak
shift), and te clevate the level of respomding at the peak. -

Interspersed discrimination training mav dl<o make the negative
g

fy

stimults inhibitorv. Massed extinction on the negative Sti?uﬂqs ’ '
¥
w - “
(no return to positive trials prior to testing ) is not equivalent
’
to interspersed training although under some conditions it produces )
»

in an attenuated form certain of the effects produced by interspersed

training. Honig et al. 51939) found no increase in control te result

- .

from massed extinction but increases have-been found in some subgequent
experiments., Thé effectiveness of massed extinction may be enbanced

by prior training involving an amrelated negative stimulus (Friedman.

and Guttman, [965) but that doe¢ not appear to be a necessary
condition for ohtaining an increase in control from massed extinetion

(Yarczower, 1974). Peak shift sametimes results from massed extinction

(Yarczower, 1974) but it is lese reliable and less marked than after

interspersed discrimination training. Elevation of the rate of )
responding at the maximal point on the generalization gradient has

. . »

not been found after massed extinction, which tends to lower

responding at all points when compared with simple conditioning

(Honig et al: 1959; Yarczower, 1974 Ellis, 1970). Undér conditions

e



in which interspersed diseriminat fon training produces U=shaped

gradicents, massed extinct fon may fail to do so (Neisman and Palmer,

1969) . ‘ .

The repetition of within session transitions trom positive
to negative trials does not increase stimulus control to the extent
that interspersed training does. The po/no-go discrtmination that

develops when cadh session consists solely of a block of reinforeed

trials tollowed by a block of noareinforced trials may be based larpely

on the cue value of nonreinforcement for subsequent nonreinforcement

(Yarczower and Switalski, 19695 Ellis, 1970). The missing

.
ingredient is the within-session transition from negative to positive
trials which has been shown to be powerful in increasing control bv

the discriminative stimuli presented on the trial (Ellis, 1970;

Rosen and Terrace, 1979).

Anv comparison of the effects of interspersed training with

those of massed extinction or of training with repeated alternation

of blocks of trials, brings into play several posstble contribut ing
factors. There will be differences in the number and types of
transition, in the levgths of rung of positive and negative trials,

and in the amount of responding on negative trials. Complexity is

reduced when the training sequences to be compared have the same

oudering of positive and negative trials and difter only in how the -

sequence is segmented or broken up by the stopping and starting of

sessions.  The experiment by Ellis (1970) illustrates this stragegy ’
since, with minor exceptions, the various treatments differ only in

terms of where the alternating sequence of positive and negative
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Y

trial< is interrupted by the ses ion breaks. Althouph this varjable
itselt introduces more than one kind of difference it is analvtically

more manageable than altering the composition of the trial sequences,

Further, segmentation is important: interrupting the sequence in

a way that prevents within~session Lransigions from negative to
positive trials greatly reduces the do;olopmont of stimulus contizj
when compared with interruptions that allow within-session transitions
from positive:to negalive trials.

The p}‘punht experiment examines the effect of interrupting
the quuon(';: of trials by the between-session break in such a way
as to allow-or to prevent within-session transitions from negative
trials to-positive trials. The course of discrimination training is

compared when, in each session, a block of § trials occurs between

) 72

+ + -
two blocks of § or only after all S trials have been presented.

1 1

One can consider the variable to be the location of the block.of
negative trials within the session or, equivalently, the location of
the session break in the sequence of trials. The design of the

experiment also provides information on how the development of the

2

As suggested by Yafrczower, the effects of continuous extinction mipht

L .
discrimination is affected by the number of § trials ‘in the block.

be stronger after prolonged exposure to S
’ k!

the locdation and number of S2 trials per session.was examined f{or

5 Finally, the effect of

. ~

.a readily formed discrimination and one that forms more slowly.
N .

An important objdrtive of the present research is methodological.

We wish to examine the possibility of obtaining a continuous assessment

of the development of discrimination when the positive and negative
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. discrimination between the bositive and' negative displays. Although

., . o 16.

L7

J

tri?ls are presented in nonrandom sequences; specifically, in.alter-

natfhg blocks of positive and negative trials. A method that allows
~

©

continuous measurement is likely to be more sensitive and more
economical to use than the previous method of separate training and
testing, but the method must overcome the difficulty that in

nonrandom sequences the presence or absence of reinforcement predicts,

’

althqug imperfectly, reinforcement or nonreinforcement on the next

trial. Therefore, the development of a go/no-go discrimination

\

cannol be unequivocally attributed to control by the trial stimuli.

-

& -
. The present experiment attempts to overcome this difficuley

by the use of a feafure-positive discriminatien task (Jenkins and

)

Sa;nsbury. 1969, 1970; Wasserman, 1974). In this task, a pair of
displays sharing common features is distinguished by a distinctidi i
feature on the positive display. For example, both displays may apntain
the co&mon feature of dets while ?he distinctive featuye, say a star,
appears only on the positive display. Iun the course of learning a

discrimination between such displavs presented successively, the

location of the peck within the positive display switches from the

e

common féature, to which the pigeon was initially trained to respond,
. . .
to the distinctive feature. Although reinforcement is not made to
" » N Lo
Hepend on the location of' the peck, the response tracks the distinctive
o .

feature as it is moved from place to place on the display’bver a *
series of trials. The shift from the common to the distinctive ‘.
feature typically occurs befére responses -to the negative display

. i

show a substan{}al decline. In other words, a simultaneous discri-
3 : >

manation within the positive display precedes the go/ho—go

N

\
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»
>
.

the go/no-go discrimination can be based in part on regularities in

the sequence of positive and negafive trials, the simultaneous

discrimination must be based solely on the display stimuli. The

* v .
development of the simultaneous discrimination is therefore expected

to provide a continuous measure of discriminative c¢ontrol by the

distinctive feature under blocked sequences of positive and negative

trials. In order to*examine the felééion between the simultaneous

A S ~

discrimination ‘and control by.the display stimuli in the go/no-go

discrimination,. the present experiment includes ;5ﬁﬁgiﬂzgroups that

were placed on random sequences of positive and negative trials

. B

. ¢
after prolonged training on blocked sequénces.

: o

/A RS



feeding weight with Purina Chow Checkers.

Method © i
Subjects

The subjects were 72 experimentally naive adult White King
pigeons obtained from the Palmetto Pigeon Plant, Sumter,South

Carolina. They were maintained at approximately 80-857 of their free

Apparatus and stimuli

' Four standard pigedn chambers obtained from Lehigh Qalley
Electronics were used. The response key was a translucent square of
plastic 3.5 cm on a side, diYided into four square sectors. Each
sector operated as a separate key. Black metal stripé 2 mm wide
separated the sectqrs aﬂé reduced the possibility that a single'key
peck would operate more than one key. A force of 15 gm operated the
< : .
keys. The displays to be discriminated were back projected on the

key by a Kodak Fktographic RA-960 projector with a 120-volt, 500-watt

light bulb. It was run, however, at éﬁpnoximately 25 volts. Exposure

. was controlled by an external shutter. The displays (see Figure 2)

'

. . N
consisted of a brightly illuminated geometric figure at the center of

three & the four gsectors. The background remained dark The figures

. Jjnsert Figure 2 about heré *

were a circle 0.5 cm in diameter or a five-pointed star of the same
area. There were two types of displays: those consisting only of

common features and those consisting -of common features plus a

- distinctive feature. When the common feature wdas a circle, for

example, the common-features-only ‘display showed three circles.
- 18 -
é
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The, common—feature-plus-disginﬁtive—feature di;play showed two circles
and a star. The position of the distinctive feature and the position
of the blank‘on the key varied randomly from trial to trial, A
lmasking noise of approximately 80 dB was supplied to each chamber by

a speaker.mounted on the panel containing ‘the response key. The
working compartment was diffusely illuminated at all times by a humber
1820 bulb housed in a reflector and mounted 5.5 cm above the upper
edge of the key., A PDP-8E computer scheduled the presentation of

thé displays and the aelivery of the reinforcer, and stored the number

. e . .

and location of responses on each trial.

. N
Design

"

Essentials of the design are shown in Figure 2. FEach session

<

of training in experimental groupé’consisted of two blocks of 12
positive trials and a block of 6, 12,‘24 or' 48 negative trials. On

positive trials the display consisted of common features plus the

[

distinctive feature; on negat%ve trials it éonsistéd only of common
features. THe block of negative.trials was placed between two blocks
of positive trials (PNP: positive, negative, positive), or after gwo_
blocks of positive trials {(PPN). In PPN sequénces,’ the sccond-block
of positive: trials followed the first without interruption. The dot
was the distinctive feature (star common) for half thé'subjects; the
roles of ‘dot and star were interchanged fof the remaining: subjects.

~

The combinations of two locations of the block of negative trials,

four lengths of negative blobks, and the two representations of the
distinctive feature, makes 16 experimental groups. Two control

groups, one with the dot as the distinctive feature and one with the
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star, received no negative trials«. Four subjects were assigned at
random to each of the 18 groups.

Procedure
Birds were trained to qppr&ach quickly and to eat from the
food tray which contained Purina Chow Checkefs. The tray opening was

lighted whenever the tray was in the raised position. The birds were

-~

first allowed to eat from the tray which was beaped with grain and

he Ld }n th? raised position. The tray was then~operatéd intermittently
for durations that were reduced gradually.to a final value of 5 sec.

The time between reinforcers-was varied. The mean time was gradually
increased to the final value of €0 sec. One cr tvo sessions were
required to complete tray training. A disc;ete Crihl‘prOCedure was

used for the initial tra}ning of the key peck and in all subsequent
training. Trials were marked by, the lighting of the display for a
maximum of 8 sec. Intertrial.intervals were variable Qith a meén‘of

64 sec and a range of 8 to‘360'sec. _Tho compar tment was, lighted
throughout'the session. Responses betweén trials had no effect. Oh

_ positive trials, throughout the experiment, there was both a response-
degehdeﬁt and a responée:independentoreinforcemént contingency.

Positive trials were terminated ada'immediately reinforced by the
completion of a response rgquirgment‘or they were terminated and A :
reinforéed at thé end of 8 sec, whichever tame first. The.response—
independent contingency allows the initial acquisition tc be accemplished
through autoshaping. Negative ‘trials remained on for 8 sec.-regardless'
of responding and were terminated Qithout reinforcement.

.

Five to six sessions of préliminary training were given.
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Fach session of preliminary tra;ning coqsi§tcd of 26 reinforced trials
en the common-feature display (later, during training, to bé the
negative display). A single response was required for early termination
of the trial during %he first two sessions. éeginning with the third

B

session, and thereafier, four responses were required for early
L]

termination. After ‘preliminary training, subjects with the dot as

the distinctive feature received 10 sessions of training. Those with

the star received 18 sessions of training follewed by 6 training

ce

sessions in which 24 pesitive and 24 negative trials were presenzeq in
random sequence.
Results

blocked sequences

By the last pretraining'ses§ion almost all trials (me?n of 99
percent overall) were terminated by the completion of four pecks
before the maxihum trial duration of‘8 sec elapsed. Responses werc.
predominantly directed to a featuré %dtper than to a blank sector, on
whicl only 2 percent of the total occur;ed. During the intertrial
periods, when the énti;e key was dark, resronseé werQ'very infrequent

and they reémained infrequent throughout the experiment.

%
Responses to distinctive feature. The percent of responses to

the distinctive feature is.shown by sessions of training in Figures

3 and 4. When the dot was the distinctive feature, (Figure 3) the

. ~

3
. .

Insert Figures 3 and 4 atout here

following trends appeared. In every experimental group responses came

to be directed almost exclusively to the distinctive feature. The
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control group, which received onlv positive trials, also showed an
increase with training in the percent of responses directed to the

distinctive feature, but the increase was less than in any experimental

v

group. Preference for the distinctive feature developed more rapidly,

measured by sessions, the greater the number of negative trials in

the block. The location of the mnegative block produced a clear effect.
For each pair of groups with the same number of trials in the negative
block, the group with the negative block between positive blocks showed

a more rapid development of preference for the distinctive feature

3

than did the group with the negative block at the end of the session.
. ,

Finally, there was a tendency for the preference to develop more
quickly in the second block of positive trials than in the first.

This was espeically marked early in training for groups which received

a large block of negative trials between positive blocks; i.e. group

PN, g

P and group PNZQP'

When the distinctive feature was féprésented by the star
(figure 4) a strong preference for the distinctive feature developed
only under the most favourable conditions of training. The star was
avoided in favor of the dot in the absence of any negative trials.
This is shéwn by the very low percent of respoﬂses to the star’ in
the initial block of positive tf;als and throughout Frain&ng in the
contyol group. The ini;ia] preference for the dot was converted to a
very slroﬁg prefefence for the star only when the block of negative
trials was loyg and when it was locdted between the positive blocks.’

It is particularly striking thd the shift did not occur, or occurred.

only. weakly, when the: block of negative trials was presented after

£



all positive trials. With negatise trials between two blocks of

positive trials, preference for the distinctive feature develeped-
more quickly in the second block of ﬁositivo trials thar in the
first. Preference remained stronger in the second block throughout
training except in the most favorable condition (48 negative trials)

where the preference eventually became very strong, and equally’

strong, in the first and second positive blocks.

-

, The¢ mean percent of positive-trial responses that were
dirccted to the distinctive feature, averaged over ten sessions, is
given for each experimental group along with individual mean scores,

. - 47

in Table 1. A summary of. the analysis of variance of these means is

given in Table 2. Highly significant main effects were obtained for

*

Insert Tables 1 _and 2 about here

e i = e e o ey i e

the number of negative trials in the block, the location of the block

and the representation (dot and star) of common and distinctive

features. The significant interaction of location with feature

v

reflects the greater effect of location when the distinctive featyre

was the stat than when it was the dot.
AY

Responses to negative trials. The mean number of responsts in

the ~entire b@ock of negative trials is shown by sessions in Figure 5
(dot as distinctive feature) and [igure 6 (star). Consider first the

results when the.distinctive feature was the dot. A general decline

T

Insert Figures 5 and 6 about here

e ————————— -

’
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lable 2
w
Analysis of Vnriancez' Mean Percent of Responses to the Distinctive Feature Q
’
L J
Source N DF MS F P
Number (A) 3 121,635.0 . 5.15 .005
Location (B) 1 1,121,750.0 47,48 .001
Feature (C) 1 4,503,420.0 190.63 .001
AXB 3 32,416.0 1.37 )
AXC 3 13,037.3 0.55
BXC : 1 191.076.0 8.09 .01
AXBXC ' 3 . 16,688.0 71
Error 48 .- 23,624, 3

Number: number of negative trials presented each session (48, 24, 12 or 6).

Location: position of the session break: PNP or PPN. .

Feature: ~ shape of the distinct ive ‘feature, dot (stdr as the common
feature) or star (dot as the_common feature). ’

NOTE: An analysis of variance performed on the arc sine transformation of the data
shows the same main effects and the same interaction.
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«

in negative-trial responses occurred over sessions although erratic,
- 4

upward jumps in responding sometimes occurred even after very low
levels had’been reached. The decline in responding was more rapid when
the negat{ve block ;;s presented after positive blocks than when it was
presented begween positive blocks.

The, mean léevels of responding on negative trials when thé star
was the distinctive feature (Figure 65 was generally higher than when
the dot was the distinctive feature. Otherwise, the trends were
similar; in particular, the decline was more rapid for negative blocks
in the after position than in the between posifion.

-

These results show that a go/no-go discrimination is formed in

»

’

all groups, but they do not, of course, establish that the discrimination .

.
.

is controlled by the same cues in different conditions of training.

The mean total number of negative responses over 10 sessions of
training is shown’, for each group, along with individual totals, in
Table 3. The one.bird in Group PPN48 with an extraordinary total of

‘

. .

Insert Table 3 about here
F

. ~

a}mﬁsf 7,000 responseé was not included in Figure 5 nor in statistical

‘

analyses of negative-trial responding. An analysis of variance of mean

negative-trial responses is given in Table 4. Significant main effects-

¢

c oy

* Insert Table & about here

of the numbef of negative’ trials in a block (the more. trials per block

. . .

the greater thé total number of*' responses), of the location of the
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Table 4

Analysis of Variance: Mean Number of Responses to S- Trials

/

Source DF ) ’ MF ~ F P
Number (A) 3 183,519.0 2.89 .05 i
Location (g) 1 392,502.0 6.19 .02
Feature (C) 1 " 476,100.0 £ 7.51 .01
AXB 3 65,610.0 1.03

AXC ) 3 2,264.0 o 0.04

BXC 1 o 690.0 | 0.01

AXBXC 3 33;’}46.7‘ : 0.53

Error ‘ 47 - 63.425.1

NOTE: The extreme score in group PPN, was substftuted'by the
group mean. The degrees of freedom corresponding to

Error, would be equal to abc (n-1) -1.



block, and of the representation of the distinctive feature were found:
The same analys}s was carried out on the mean total number of

negative trials on which at least one response occurred. The results,
which are shown in Table 5, show the same pattern of significance buf

at higher levels.

Insert Table 5 about here

Shift in relation to.negative-trial responses. The results
already presented show that conditibns favoring tﬁc shift to the
distinctive feature tended to produce higéér levels of responding on
negative trials. This suggests the hypothesis that the shift was
directly dependent on the amount of negati&e trial responding. The
variables of location of the block of negative trials aad thé number
of trials din the block would, 'on this hypothesis, exert their effect
on the‘shift through their effect on the amount of negative trial
responding: The'hypothesis would be strongly supported if in the
severa]~groups the shift occurred after the same total number of
negative tfialg on which at least one response had occurred. Sﬁch

trials will be referred to as active trials. The upper part of Figure®

7 shows the total number of negative trials (active plds inactive)

Insert Figure 7 about here

I

that were presented before the shift to the distinctive feature
, reached -a criterion. ' The criterion was 80 percent or more of the

responses in a block of 12 positive trials directed to the distinctive

" F 4



Tahle 5
9

Analysis of Variancé: Mean Number of'Negative Trials with At least

One Peck

:;o urce . DF -‘ii_sm F P

Number (A) S 8,835. % 8.54 .00
* Location (B) ] 7,119.2 6.88 ' .002

Feature (C) 1 11,209.5 10.84 .005

AXB 3 788.8 0.76

AXC 3 184.1° " 0.18

B XC ! 4.5 . 0.00

AXBXC 3 746.1 0.2

Error . 47 1,034.1

¢

NOTE: The extreme score in group PPN was substituted. by the
grodp mean. The degrees of freedom corresponding to
Error would be equal to abc (n-1) -1.
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26.
feature. Assthe length of the ncgative block was increased, the number
of negative trials required to produce the shift tended to increase.

N

/
. PN .
More negative tyrials-were required, on the average, when they

5 ~

prese&tod after pagsitive trials than when they were presented between
-

positive trials.

The number of active Lrlnis prior to the shift is shéwn‘in
tﬁe 1ow0r)half of Figure 71 The average number of active trials
remained roughly constant across different ]engths of negative trial
blocks and across the two locations of the block. With tpc negative
block between positive blocks the 6odian number of active trials to
the shift was 13.5; with the.negétive block after the positive block
ik was 19.5. In view of Lhe'variability evident in Figure 7, this
relatively small différpncc would not be grounds fo} rejecting the
hypothesis'fhat the number of active, ttials }equired to-produce the
shift is constant.

’

"The hypothesis can be rejected, however, on the results

~

obtained when‘the distinctive fegture was repregented by the star.
Of the 16 birds trained with the negativ? block after positive bloéks
only 2 met the shift criterion. Despite the failure to shift, the
number of active negative trials in each of Ehgse groups eventually
exceeged,the npmber required to prdduce the spift in the comparable 2
group with thé'negative block bétween positive blocks. T%e number of
active negative trials is not the soie dete;miner of the_shift and
tho:hvbothe51§ must therefore be reiecth.

There is a much weaker hypothesis that might still prove

acceptable. “The length, although not the position, of the block
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of negative trials might afTect the shift entirelv through the atfect

of length on the number of active trials per session. Figure 8 shows

further data on this hypothesis from the groups trained with the star
as the distinctive feature and the negative block located between

positive blocks. The trends are roughly similar to those obtained

g ) Insert Figure 8 about here

.

with the dotras the distinctive feature. The results preSented in thg
left panel show that more trials are required to produce the shift when

the number of trials per block was 12 or more than when it was 6. The

] . . ’ . .
results in the right panel show that when active trials. only are

Counﬁcd, the effect of block length was reduced and might be nil. Ao
Althoygh the data were too variable to provide strong supporL,.thé .

hypothesis remains tenable thal the length of the block of negative
trials affects the rapidity of the shift entirely through its effect

on the number of active negative trials per session. .

Random sequence

~

Response to distinctive featurc. The upper half of Figure 9

Insert Figure 9 about here

v ’

shows the percentage of responses~to the distinctive feature in the
last two sessions of t;aining under the blocked séquence (sessions 17
and 18 ard in the last 6 sessions of training with the random
s&qupnco-(sessions 19-24). Groups that'had been trained with the

negative block of trials.between positive blocks maintained their
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well developed preference for the distinetive feature. Those trained
with the negative trial block after positive b%n(ks entered the random
sequence with a ﬂuvh lower percentage of distinctivo feature responses,
The random gequence brought abeut a rapid development of preference for
the distinctive teature. The control group was exposed to no;dgivo
trials tor the tirst time in the random sequence. It also rapidly
acquired a strong preterence for the distinctive feature.  Comparisen

[

ot the reselts tor the control proup with the average results for
-

all o1 the experimental groups previously trained with the nepative
block atter positive blocks suggests that exposure to negative trials
hd .
after positive trials contributed to a preference for the distinctive
\ - . »

teature, A greater number ot distinctive feature respenses were made
during the 6 sessions of random training in there experimet tal groups
than in the control group., The percent of responses to the distinctive

feature in the first session on the random sequence is shown in Table

6 An analysis of variance of the wean number of responses to the

Insert Table 6 about here

distinctive feature in Lhc’first session for-experimental groups showéd
the location of the negative-trial block in previous training Lo be
significant: F (1,24) = 23.11, p <.001l. The length of the negative-
trial block was not significant, nor was its interaction with the
position of the block. The mean number of distinetive feature responses

in the control group was significantly less than the mean number for

the eaperimental groups that were previously trained with the -negative

.
.



Table 6

Percent "of Responses on S+ Trials that were directed to the
Distinctive Feature in the First Session of Exposure to a
Random Sequence of 8+ and $- TFrials

Group . Subjects Mean
L 2 | 3. 4
PN, P ’ ;oo 40 100 94 83.5
PN, P 93 98 .97 100 97.0
Lot 93 80 87 73 83.3
PN, P 100 100 96 100" 99.0
PPN, ! 50 52 29 33.0
PN, 66 89 82 92 82.3 /
PPN, 78 75 25 58 59.0
beN, 87 58 0 14 39.8
Control 22 0 12 19 13.3
t
]
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block after positive trials (L(18) = 2.51, p .025 as it obviously was

.

for the experimental groups pretrained with the negative block
between positive trials.

The lower half of Figure 9 shows responses on nepative trials,

When placed on the random sequence, subjects previously trained with

the negative block between positive blocks maintained their go/no-go

discrimination with little or no-disruption. In contrast, those trained
. v
with the negative-trial block after positive trials showed a large

increase in responses to negative trials on the first session, followed

o

by a rapid reduction. The reduetion in responses to negative trials

a

paralleled the shift to the distinctive feature within the positive

trials. The control group showed hyAfar the highe;k imitial level of

.

responding on negative trials. Table 7 gives the data for responses

-—— e ——

Insert Table 7 about here

on negaLivG trials in the }irst soésion of traiqing on the random

sequence.  An analysié of ;arianﬂe of the Weané ?or the experimental group§
showed that only the‘position of the négative—tfial block in previous
trainding was significant: F (1,24) = 11.35, p .002.' The mean number of
negative Lria]'rosbonsos in the control grdup was obviously significantly
greater than 'in the experimental proups trained w{th the negat ive block

between positive blocks. It was also significantly greater than the mean

for all the expervimental groups trained with the negative block after

i}

positive blocks (t(18) 3.52, p <.005).



.

Number of Responses on S$S-Trials in the First Session of Exposure

Table 7

%

“to a Random Sequence of S+ and S- Trials

PN, ,P.

PN, P

r
p
lIN48

PPN24

PPNiZ

PPN

¢

dbnhrol‘f3l§

Subjects Mean
1 2 3 4
13 227 0 21 65. 3.
35 6 2 7 12.5
37 100 .37 ° 18  48.0
21 56 3 1 28.0,
5 \ .

93 52 124 397 166.5
236 1417 44 38 114.8
86 103 171 227  146.8
15. 200 208 * 120  135.8
369- - 290 ° 301 318.3

*”

-



Discussion
Ihe‘principal results mav be.summarized as follows. The shift
to the distinétive feature was affected by the stimulus characteristics
of the distinctive and common features, by the ‘locatiou of a block of

nepative trials within the session, and by the number of negative

z

trials in the block. A much more rapid shift to the distinctive’

feature was produced by training under the combination of dot as

distinctive feature and star as common feature than under the reverse

) &
combination. . The dot, probably because of its more rounded shape, was

preferred to the star as a target of pecks. A block of negative trials
placed between tuo blocks of positive trials was more e¢ffective in

producing the shift than was the same block placed after the blocks

of pos{tive trials. - The shift to‘the less preferred‘stan as a

.
- .

distinctive, feature almost always failed te occur when the block of

negative trials came after the positive blocks whereas it occurred

n )

regularly ‘when the bquk of negative trials came between the block of
posiéive trlals. The shift to the more preferred dot as a distinctiYe_
featur; was prought.aboug_by a negative block in either position -but
the sﬁif; occurred more bapid1§ when the ncgative block came between
-tﬁe positive blocks than when it came afFer the positive blocks. The
morg trials in the negative b10ck-the more rapidly, measured By

sessions, the shift occurred. However, not even the longest btock,

which was 48 trials, was capable of éroducing the shiftwbo the less
. : . . .

“ . .
.

preferred. star as a distinctive feature when.the block occurred ..
. L} .
After all positive trials. S _ . '
During traiﬁing with blocked sequences all groups showed a

- 30 _
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progressive reduction of Kfsponding on negative trials. The-negative
block in the between location generated a larger total number of
negative respenses than did the negative block in the afte} location.
However, khe greater effectiveness of thé PNP séquence in producing
the shift cannot be solely due to the greater total number of nqpativc

' . -

résponses which it generates. The shift to the star failed to occur
in the PPN gréups even though the total number of negative responses
eventually exceeded the total. reached when a clear‘shifL did occur in
;ubjects that - received the negative trials in the between position.
We may conclude that negative-trial responses in the PNP ;equence
cont(ibuté more to the shift than do negstive trial responses in
the PPN sequence. h

Preferenge for the distinctive feature 'within the positive
“display during the exposure tc blnck sequences was closély related to
performance on the go/no-go discriminatfon when subjects wcre iater

exposed.to the random sequence. If the response had ‘shifted to the

distinctive feature during blocked sequences the go/no-go performance

was maintained on the random seqdence. If the shift had not occurred

.

the go/no-go performance was disrupted by a sharp increase in

-

-responding on negative trials. However, even when the negative trials

failed to produce a shift during training with the blocked .sequence

they did facilitate .the subseguent development of the shift under the
random sequence and the eventual elimination of negative trial responses.
The present.results on the effect of trial sequence on the

. AN
development of stimulus control agree with the general trend of -

\previouély reported results. We find,'as others have found'wifh



different procedures, that when & session of training consists of a

block of. positive trials followed by a block of negative trials some

£l
increase in stimulus control is brought about by the negative block.

* «

In agreement with Ellis (1970), we find a much greater increase in
. -~ - «
stimulus control when the negative block is placed.between .ositive

blocks .so that a transition from negative to positive trials ‘occurs

-

within a session.

o

The sequencing of positive and negative trials pas CIOSeiy
related o}fects on the shift to the distinctiQe feature ana on
control by the display stimuli over the go/no~go performance. That
makes the ;hift especially useful for stddying the development ‘of

control by display stimuli when the trial ‘sequence is not random and,
\ A .

as a consequence provides a pgtential source of stimulus control over
. €

the So/no-go performance. . Therggis, however, a limitation to the uyse

.

of the-shift as a measure of control by display stimuli. The absence’

. .
°

of a.shift does not mean that the display stimuli have acquired no

-
.

contqoi. Subjects tHat failed to shift when exposed to a. block of

o

negative trials after all the positive trials, were quicker than

s

controls to sbow gtimulus cbntrol“undex"random trainirmg they were

quicker to shift and to stop responding on negative trials. Something

was learned ras the result of exposure-to negative trials

4
even' though the learnihg was insufficient to produce a shift.
L]

A theory for the special effectiveness of a within session
transition from négative to positive trials has not been offered in

previous work. We turn now to the bearing of the present results on

theory. It is important to recognize that, with unimportant exceptions
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in the first and last session of training, the scquence ‘of positive
. «

and negative trials was exactly the same in PPN and PNP groups.

The groups differed in where the' sequence was interrupted by the

between-s¢ssion break. A theory of the effect must therefore explain

why the location of the session break in the “training sequence is

"important. Four consequences of the location of the session break are

identified and their possible bearing on performance is £bnsidered.

1. In PPN groups the session start signals the resumption of

positive trials after negative trials. In PPN groups the (esumption
of ﬂositive trials after neéative trials is always marked by the start
of a new ;ossion. To predict the resumption of reinforcement it is
only noccsséry to notice that a session has begun and the bright
fi%ures are on Lhe key. The start of tﬂe Sessio;, coqsidered to be

a stimulus, makes the distinctive’ feature redundant as a signal of

reinforcemeﬁff‘vlt could, therefore, interfere with the acquisition of )

control by the distinctive feature. In contrasf, to predict the

resumption of reinforcement in PNP groups it is necesgsary to notice -
.

. - . ‘.".
that «a distinctive feature now appears on the displdy. Only the .

»
-

. distinctive feature marks the beginning of the second block of positive

s
o

trials. The theory formulated by Wagner and Rescorla (Rescorla and
hd LS
Wagmer, 1972; Wagner and” Rescorla, 1972) for tue development of

.

signal value'in classical conditioning with multiple signal sources

is capable of generating the needed prediction that a stimulds which

o

. . [ . ! .
makes ancother one redundant wild interfere. The acquisitien of signal-

-

value by the second stimulus is blocked by a stimulus that has

Yy

already acquired signal’ value for the same reinforcing event.

<{.
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Because the session start has, from bretraining onwgrds, signalled the
the beginning of reinforced trials, it could scrve to block acquisition
by the distinctive feature which is not introduced until the training.
sessions. . .

The more rapid development of stimulus control wheu the dot,

as compared with the star, served as distinctive feature would be

.

represented fn(Lhe NagneffRescorla model by assigniﬁg the dot a
higher salience. \Tho théory would then generate the required
prediytion that the session start as a signal exerts a stronger
blocéing effect on the less salient star than on the more salient

dot (1). ‘ o o . .
* The principal trends in the present experiment could be

encompassed by the Wagner-Rescorla theory but there is some question

about the appropriateness of the coordination of the experimental

™

eveﬂgs to the theory. The theory is usually applied when the

blocking stimulus is concurrent with the blocked stimulus and that

was not the case here. Neely and Wagner *(1974) have, however, trénLed
v ; :
schedule of reinforcement as a stimulus in an application of the }

Wagher-Rescorlg theory to blocking. Their extension of .the concept

(1)  An overshadowing account also compatible with the Rescorla-
Wagner formulation. is possible. In nonrandom sequences the
regularities of reinforcement and nonreinforcement. generate cues that
can bé-conditioned.and can control reéponding as efficiently as the
display stimuli. Tt is poisihle then, that the stimuli produced in

a. nonrandom sequence of § and S trials compete with 'the display
stimuli-for the control o% responding. Although in the context of the
present experiment the: blocking account and the overshadowing account
predict roughly similar behavioural outcomes, the two alternatives can
be confronted. Consider a single alternation arrangement. The
session start is no longer a reliable predictor for reinitiation of
.reinforcement so blocking should be attentuated. According to the

* overshadowing hypothesis however, the pattern of reinforcement and
nonreinforcement is still regular and predictable and would interfere
with conditioning to the display cue.



of stimulus is similar to the one pro%osed'hero. One might also
question the appropriateness of attributing the effect of inter-
changing the representation of common and distinctive féatures to
the gredter salience of the dot. Salience is commonly related to
discriminability governed by the contridst between a stimulus ang the
background. There is no reason to think the dot,more’visible than

the star. Rather, the dot is more attractive as a iarget f&r the peck
than is the éLar,(Fantz, 1957). The relevant attribute is preference
rather than salience, but the Wagner-Rescorla theory has no place‘for
preference because its experihontal base is classical conditioning

with diffuse, nenlocalizable stimuli.

2. In the PPN groups the session break leads to more rapid

. et -
extinction of responses on the negative trials than in PNP groups.

In experiments on repeated dcquisition and extinction the time between

extinction trials and the resumption of reinforcement has been shown

to influence resistance to extinction. A short wait between non-

reinforced trials and the resumption of reinforcement generates

preater resistance to extinction than does a long wait. According to

Cépaldi (Cnpaidi, Leonard and. Ksir, 1968; Leoﬁard and Capaldi, 1971)
extinction rate is directly related to the difference.between two
’ L

intertrial intervals (IT1): a) the ITI‘bétween the last nonreinforced

“trial and the next reinforced trial (NP-ITI) "and b) the ITI

35.

between two successive nonreinforced trials (NN-ITI). Capaldi assumes

that the length of the reinforced ITI, the NP-ITI, acquires associative

strenpth which generalizes to the length of the NN-1TIs. Resistance

-~

to extinction develops  when the NP-IT1 length is similar

. .
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to the NN-ITI lengths, as in PNP «equences, but not when thgre is
a great discrepancy betweerr two ITI lengths, as in PPN sequences.
It remains to argue that greater resistance to extinction in PNP
groups is favorable to the develupment of stimulus control by the
distinctive featu%e. The arguﬁent might be that the bird is more
effectivelv exposed to the common features on trials when it is
responding to the display. We cannot entirely discount the
possibility that this accounts for the greater effectiveness of
the P&P arrangement bui one finding mi]itateé against it. We have
seen, that in the case where the shift does not develop (PPN groups
with'star as distinctive feature) the éotal number of negative trials
with responses eventually exceeds the ,number required to progduce a
shift in.bNP groups. It is still pos;ible that other parameters of
negatfve triai responding (number per block or distribution over
gessions) are coﬂ{rolling the shift but then the relation be?omes

more complex and less attractive as an explanation of the’ .

superiority of ‘the 'PNP arrangement.

3. Because of the location of the session break the memory

of the last N-trial when the first P-tgial occurs will be dlder in
- ~ “

PPN groups than in the PNP groups. /plgusible hypothésis is that
Erou] _groups b

the .process of discrimination requirek a comparison of the contents
of the reinforced and nonreinforced displays. Since the presentations
are successive, the comparison must involvé memory. The temporal

g

conditions for the comparison of a previously reinforced display



.

with current noureinforced display are the same in different groups

since that comparison is based on the PN tramsition, but the

temporal conditions for the comparison of a previously nonreinforced

display with a current reinforced display are not the same in all

groups. This comparison would be based on the NP transition and

it would be favored only in the PNP groups. There are no-well

devolopéd accounts of animal discrimination learning based on a
comparison process inv9lving memory so Lhe ﬁatter is left with the
mere recognition that siach a process might explain the superiority
of the PNP arrangement for the development of st{mulss controi.

4. Because of the location of the session break, the tendency

to respond to the cemmon features during the second block of P-trials

.

'will be stronger in the PPN-groups than in the PNP groups. The
tendency to respond to the common [eature is reduced by the N-block
but it undoubtedly recovers’ from the end of one session to the next.

The recoverycould be due to the passage of time or to the start of

f “
a session as a signal for positive trials, or both. In any case,
there will be a strong tendency to respond to the common features when

positive trials begin and in the. PPN groups reinforcement will

keep it strong throughout both blocks of positive’Crials. In the

PNP groups the sdtuafion‘duripg the second block of positive trials

is different.  Because the second block- directly follows N-trials

the tendency to respond to-the common features will be lower than

.
.

it is in the PPN groups. If it is furtber assumed that the distinctive

feature gains more excitatory strength the weaker 'the common.feature,

then one can see why the PNP arranggmént is more favorable to’ the

<



shift than the PPN arrangement.

There are reasons .to believe this further assumption. For one,
if the excitatory value of the common feature is lower, the total
excitatory vglue of the positive trials will be reduced. The Wagner-
Rescorla kheory provides the required prediction that the lowe{ the
total exvitéLory_va]ue'of Lho‘display ag a whole, the gredater the gain
for the distinctiVes feature on a positive trial. Wagner, Saavedra
and Leherman have demonstrated an effect of this kind in
recent experiments on’c]assi;nl conditioning to compounds (Wagner,
1971b). A consideration more specific to'the type of display used
here leads to the same conclusion. Spatial separation allows the
respouse to be directed at one fcatgre. The lower the strength of
the common foaLéres,Fhe more likely it is that the response will be
directed to the aistinctive featuré, The effect of the reinforcer
might be channeled-to the feature that captured the response, an
assumption commonly made in simultaneous discrimination learning.

The so;va1}ed choice scheme deseribed by Jenkins and Sainsbury
(1969) for feature positive and feature negative discriminations was

“ based on this assumption of selective channeling. AlthOugh Jenkins
(1973) tater showed that the effect of a reinforcer is not egélusively

.

‘channeled to the feature that was the target of the response, it

A ’

remains plausible that the effect iIs concentrated on the target

feature. .

For present purposes it 'is not necessary to be specific about

the chameling process. It is only necessary to assume that the greater

the excitatery value of the common features the more effectively it

.. ' ”
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blocks acquisition of excitatory value by the distinctive teature, This

2

account, centering on the common features as a blocking stimulus, ‘is

capable hfvinjogrdting the effects of the PPN and PNP arrangements

on the development of control by*@ga_disti?ctivo feature. There is
direct evidence that a recovery in excitatory value of the common
features oceur between sessions.,  We have noted that in PNP groups the
common feature is r;qpondcd to less often in the last block of P~
trials, which followed N=trials directly, than in the first block of
P-trials, which comes after the session break. The account also
identifies the conditions that should favor the appearance of a shift
in the vorv‘firsL blovk of positive trials following a Singlc"exposu;c
to the negative block., The shift would of course be favored by a,

N ~

distinctive feature with a preferred shape (dot vs. star). It would
. . p

be favored by longer’ series of negative trials in the block followed

by an immediate presentation of positive trials, before common features
recover strength. Results-bearing on these expectations are presented

in Table 8 which shows for each experimental igroup the mean percent

-

“

Insert Table 8 about here .

o

of distinctive feature responses in the first positive block of 12
trials after the first negative block. Although the resuits are

not smooth, the expected trends are clear. An analysis of variance of’

the mean percents showed significant effects of the shape of the

distinctive féature, (p <.001), the number of trials in the negative

block, (p <.005), and the location of the session break, (p <.bS).

%



lable 8
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lhese tactors would be expected Lo exert their effect throughout, ¢
tfaining. More than that, selective channelling of the reintorcer

inplics a positive teedback process. 1f the distinctive feature gains
more, the common features gain less.  On the next exposure to positive
> »

trials the common features are even lower in value,y the disLincLivé
feature gains even more, and so the process builds on itself. The
other side ot the coiﬁ is that selectivityvmakes possible” a persistent
failure to shifl to the dist}nctivc feature despité continued training.

Unless some of the reinforcing effect is channeled to the distinctive
d ¢

<

teature, and this gain is carried overr sessions, the process of

buildiny the excitatory value of the ,distinctive feature at the expense

of the common feature will not take place.

3 .

Under the least favorable training conditions the shift failed

to develop despite repeated training in the present experiment.
T ¢ '

Perhaps it would occur eventually, but even if the shift failed

indefinitely this would not be hard to understand kaken alone. 1t
: ’ “would be puzzli;g, however, when taken together with the observation
that suhstaﬁtial savings were apparent on transfer to a rnndbmhsequbnce.
The *savings suggesQ?thaL something was learned aboug the ;tatus of
the display "features. 1If the learning process begins, why doesn't

-

it build withﬂQraining until the shift is complete? One possibility

« : ~ .
. is that the distinctive feature is completely blocked and. the transfer
3 . is due to h-chdngo in the status of the common feature brought about

L4 .
by repeated conditioning and extinction. Yet blocked stimuli .have

also resulted in <avingsin a different -

A
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preparation (CER) . When following compound training a  blocked
9. . . PV .
stimulus was reinforced alone, conditioning. developed faster than

- !
, .

in another group for which the same gtimulus was a nevel one (Kamin,
1968). Too little is known about what is responsible for the savings
to warrant an extended discussion. The matter is worth noting, however,
because persistent intermediate states of discrimination learning pose
a serious problem for current conceptions.of the discrimination learning
process.,

We have completed our discussion of how the location of the
session break might have its effects. The fourth  account, which
has the location of the break affecting the strength of the common
feature and the strength of the common features determining the extent

[

to which it blocks the distinctive feature, i$ the most attractive

e ———

one. This account provides an- understanding ol “how~thé experimental
-
. . . N
variables affect the shift to the distinctive feature in the very :

first block of positive trials following a single exposure to negative

trials. Leaving aside.the least developed account in terms of menory

loss, the” remadndng accounts predict effects only after repeated

[y

sessions training allow some aspect of the training regime to operate

as a compeling signal for reinforcement Or nonreinforcement.
" . ]

JI the account centered on the common features.%s correct the
within séssion transition from negative to positivé.tridls is not
necessary for effbctiyc discrimination training. It is only ;ne of

sovq;al ways to keep the strength of the common features at a

relatively low level during positive trials. 1t will be of interest

to learn whether other ways of‘manipulaLing the strength of the common



.

features will produce the same results.
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