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ABSTRACT- ’

. . . . r .

A\
el 2 . .
e

A series of three experiments examined the forgetfing of visual

L)

discriminations in pigeons. The 'proﬁlems ‘consisted of feature

-

discriminations, with dot displays as the discriminative stimtli, and

-

involved a successive go/fio~go pecking-response. It was fouﬁd in all
?hxee experiments that pigeons tPat haa been ;rained'to rgfééin from
pecking an és>display, resumed pecking at ;hesé display% ;éter retenéiqn
intervals. = It was argued " that these 'data- represent the first

unequivocal demonstration of forgetting of discriminations in pigeons.

_In addition to the simple demonstration of forgetting, it was found

in Experiment 1 that the amount of forgetting progressively inéreaéed,
in a negatively acgelgrated fashion; over int;rvals 6f‘l,10 and. 20 days.

> , .
glso, it wa;“ found éﬁat more forgetting occurreg. for a reverse
discrimination than for a single discrimination. In Experimeﬁt Zfét was
found that acquisition was retarded and more forgetting’occurreq_for

discriminations which involved highly similar stimuli. It was arguéa

that these data represent the first reported'instance of intraproblem.

similarity effects on retention in animals. In Experiment 3 the‘fole of

Py

contextual cues on forgetting was examined. It was found that a change

-

in contextual cues between'acquisition and retention gésgigg enhanced

»

forgettingf when the contextual cues present during original acqu@s;tion

’,

1] .
.

change in context had no effect on fbrgettin@.

A retrieval ‘failure model of némory processify was described and

b3

applied to the data from each of the ;hree experiments. It was argued:

were conspicuous; when these cues were relatively inconspicuous, a

NI TN - -
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that- forgetﬁ:.ng of dlscré.mnations involves selective retrieval failure

of specific target’ memorles, .as ! result «of chariges in the
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' CHAPTER 1’ ) . '

GENERAL INTRODUCTION
@ .
. . ) \ ~
. T ’ Recent trénds in the study of animal learning and behavior reveal ‘
. : N
< - .
4 that the field-has undergone a considerable chande during the past two

.Gecades. This change has involved a ‘general shift away from a strict

. , .
behavioristic orientation and a turn to%a moqé/y;ognitive approach

3 (Bolles, 1975; 1976). Accompanying. this paradigmatic shift has been a

~
- ™~

growing interest in the problems of animal memory and cognition (Honig &

‘ - James, 1971; Medin, Roberts & Davisy 1976; Hulse, S. H., Fowler, H. &
> .

Honig, W. K., 1978;—§pear, 1978) . These new interests have served to

~ bt

both reunite human and animal research and revitalize the comparative

-~

study of animal cognition (ﬁinograd, 1971; Wasserman, 1980). The -
research to be described in this thesis has Been conducted within this

. . ) conceptual context. It is based on the a;sumnsiif that~understanding

. .
cognitive processes in a given species both enhance

our understanding
of the behavior 'of that species, and provides a valuable c‘ﬁtr;bution to
the study of cognition in géneral. The specific research

. p T
~ . . .
' with in this thesis concerns long-term forgetting in pigeons. In order

e onmn ¢ avwnome R

to facilitaie the discussion of this research,, some background termino- y

o b r—t—

logy will first be P:iii? ed, along with a brief review ‘of londlterm
- .

forgetting ig animals®

1. * Terminology and Conceptual Background .

N -

a. General.

. The current research has been conducted within the conceptual

-

' . . approach to memory processing outlined by Spear (1971, 1973, 1976,
'\ ' | 1. |
Bk hR o a’ﬁur‘..ww s,:«;v:‘m::.-._w, OO/ -




. ) [N

. ‘ 1978;. Wizthin thi's framework, the terh memory refexs to a hyposhétical
N - . .y P .
construct believeé to mediate environment-behavior 'interactions. It can ’
. be regarded asg;i orga{nism's repre‘s.en.tatiop of an event or learning epi-
' sodg. The congé‘nts of these representations in'volve attributes or fea-

tures df the Q‘:iginal event noticed by the organism. Memory processing

, a
refers to the establishment, modification, and utilization of these
; .
) representations. The former two processes are concerned with informa- t

. 3

tion storage, while the latter refers to  information retrieval. Al-

though the processes of storage and retrieval are hypothetical activi-

t::i.es unav'ailable,;,to direct observation, they can be studied indirectly

[y

in terms of the empirical concepts retention and forgetting. These two
¢ [y

-

terms refer to evaluations of an organism's ‘performance a§ a function of

- »

the passage of time, whieh is called_a retenfion interval. Retention

, refers to some level of maintenance of performance after a refention

interval . while forgetting is defined as a decrement :m performance over

v o

a rgtention .interv.al. Both terms aj:e ekclusively qperational const;ructs'

"which describe observable features of behavior. They have been used,

PR
’ -

- however, as.indices of the underlying processes of storage and retriev-
. » - ~ ks * - -
o

al. The evaluation procedure used J‘ assess whether forgg;.vting or
L4 . . . .

retention has oc¢curred is referred to as a retention test. It usually

\/ entails comparing some measure of performance before .and after a reten‘-\
. ~ N ¢ - o

* tion interval. An obvious feature of this approach is that it is for~

getting which is actually under investigation in memory _research. Com~

-

~plete retention implies a null’ effect, whereas gorgpttMg defines a mea-
" & ;

surable change -in behavior which can be assessed in terﬁs’ﬁ%f various

Ay f

independent variables. Thus, it “is not urmtil forgetting occurs fFat a

phenomenon becomes available for investigation. This may help explain

g g7 Al
< 2k
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why interest .in animal memory research has been so modest until recent-
ly. Many of the early studies failed to find.significan{ forgetting,

1 | -

and this may havé bolstered the permanancy of habits doctri‘n‘e’_already

assumed by many S-R theorists (Gleitman, 1971; Spear, 1978).
- ~ ~ ~

<

»

b.  Classification of memory research. '
»

* It is possiblé to classify two major areas of interest in animal

~

memory research. These two areas are often referred to as short-term
¢ ! . . *

memory (STM) and lex-xg‘v_term memory (LTM); thihs classification grew out of
human memory zresearch. The study of LTM has typa.cally 1nvolved for-

gett:Lng over relatively extended retention’ 1ntervals, such as houz:s,

days, weeks or longer. studies of STM have involved forgetting over
- \ »

i'elatively brief intervals, on the order of seconds. While these two
. ¢!

-5 - . -
areas clearly involve pr"oéedural distinctions,} they have often been
. ’ ~ 'é . ’ \ . v
regarded as implicating different theoretical Rrocesses by many of the

o . . Fe

b

early multiprocess views of memory (Atkinson? & Shiffrin, 1968; Simon,

-

1976; Waugh & Norman, 1965). These theoretical assumptions_rendex this
dichotomy less useful, since many of these ..assu'mgations have now been
ghaller;gea (Cra:‘gk & Lockhart, 1972; Lewis ,' 1:979). ~ An alternative
classifica}:io.n scheme is one in which memory researcil is distinguished

. purely in procedural terms. One such scheme involves the distinction

between working memory and reference rqemoi’y (Hor;ig, 1979; Olton, ~I978).'

[y
¢

Working memory involves retention of information during or within an

- -

individual “trial ‘én some task, while reference memory refers to reten-

-

tion across all. trials of a task. Exafnples of working memory include:
. x g . See
: the d&st”ractor task :Lntroduced :Lndependently by Brown "(1958) and

Peterson and Peterson (1959) , Delayed Matching to Sample (D Amato, 1973;

s
— - ~ Al

i

2]

——— TR T LR e ot el N o o . B Mk o ke T L



Réﬁefts & Grant, 1976) gnd the Radial Maze procedure (Olton & Samuelson,

1976). The study of reference memory has involved a great variety of

tagks. All that is necessary is that performance be assessed after a
;o

rétention interval separatiﬁq two or more trials. Usually, a subject is

!

. s sa: O - \ . . Lt
given acquisition training to some criterion level of performance
/' 1

/followed by a retention interval. A retention test is then adminis-

tered. This most often entails a comparison ofzperformance duriné ac-
quisition (or at the end of chuisition) with pé?formance on the reten-
tion test. Reference memory involving animals has énc;daed thehstudy of
habiéﬁgﬁion, classical condi:Zoning, instrumental éonditioniné, stimulus

control and complex behavioral tendencies, such as learning set and

matching to sample%%%gformance.

¢

2. , Theories of Forgetting

Decay Theory.and Interference Theory.
There have been two major theoretical approaches to the analysis

of forgetting:  decay theory and interference theory. Decay theories

have attempted to explain forgetting in terms of the deterioration or

decay of memories. The consolidation view held that information proces-
- © ' M
sing subsequent to the formation of a\meméry which had not become firmly

"set", could result in the deterioration of that memory. Another ver-
sion of'decay theory postulated that memories spontaneousl& decayed over

time. Both of these accounts, as well as other varieties, of decay

L

theory, have suggested tﬁat forgetting can be uhdexrstood as a matter of

a disruption in the storage process. They imply that the representa-

’ N .




T T T

e

2

' -

tions themselves somehow deteriorate ang become lost over time. While

the decay position historically did not receive nearly the attention

) e IS T

4t’:hat interference theory attracted, there have been a number of recent

cane

é% plications of the decay bprinciple, espécially with respect to the
analys:is of working memory in bbth humans and animals (Peterson &

Peterson, 1959; Atkinson & Shifffin; 1968; Craik & Lockhart, 19872;

Roberts & Grant,” 1976; Loftus & Loftus, 1979).

\\ ' The prix‘nary theoretical approach *to reference memory. has been

k interference theory. The basic tene;: of this po;ition has been that.

t% forget't;hg\ res’ults,a from th: interferenc\e\ of learning experiences with

E . each other at the time of a retention test. Over the course of the
.F . - . . .

E; L Cdevelopment of this theory a variety of principle§ have been implicated

% . .

in attempts to explain the actual source or mechanism of.this interfer-

ence. Since interference theory primarily evolved within the context of

!

human verbal learning research, many of its early concepts were related

3

K ! .
to the principles of S~R associationism (Horton & Turnage, 1976).

The earliest version of the theory relied on the notion of retrowe..._

©

active interference. The idea was that forgetting of old associaptions

23

resulted from their being interferéd with by subsequenﬁly formed associ-

.
fb‘ T ok
AR it

%2:

53‘5 ations. The classic study by Jenkins and Dallenbach (192\51) serves as
the quintessential case for this position. They found that subjects who

& ) o

i;«‘ spent a retention interval sleeping showed much less forgetting of

i

verbal material than subjects who spent the retention interval “awake.

The interpretation was that for ﬂthe“ subject awake dt_iring the retentioh

interval new associations were formed which competed with the previous

el
associations. The specific form'of this interference involved response

competition. Verbal responses from subsequent associations interfered

[
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o

with responses from the original associations.

The single factor interpretai:'ian of fort_getting was eventually chal-
lenged in another ’classic study by Melton & Irwin (1940). They found
that simple response competition wasf insufficient to account for all of
the forgetting found in interpolated- learning studies. Therefore,gthey
introduced an additional principle, which they 'termed factor X, as
another source of forgetting. The idea was simply that in addition to
response competition from'subsequently learned asséciat;ions, there was
also an unlearning of 'the original associations. This process was
envisioned as the extinction of condit.ioned responses. This exemplifies

the intimate link between early interference accounts of forgetting and

principles of conditioning.

-~
14

Anot\l\ne; major moc{ification in interference theory involved the
introduction of the proactive.“~interference brinciple. It was arxgued
that learned material ;:ouldp be interfered with by prior learning
(proaétion) as well as subsequent learning (retroaction). ‘Undexrwood
(1957) showed a strong relationship between the amount of forgetting .of
verbal materials and. the "subject's laboratory ex,perien.ce ‘with such
materials: More forgetting was obtained with greater aﬁtmounts\\ of previous
expe'rience. In addition, studies employing the proactive interference
preparation directly manipulated prior experience and found simila.r
results. ‘_'E‘his procedure .involves comparing the forgetting of learned

) .
materials between a group given some ~pi=ior learning experience with a

-

group having had no such experience.: It was typically found that the

group given prior learning demonstrated more forgetting than the control

group, which had not received the prior learning. Again, the notion of

response competition was invoked to account for the forgei:ting of
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learned associitions due to previously formed associations. In addi-

’ »

tion, the concepts of unlearning (i.e., extinction) and spontaneous
recovery were utilized to deal with the common finding that proactive
interference increased directly with the retention interval. This

serves as another instance of the application of conditioning principles

L3

to the analysis of forgetting. It was maintained that during the learn-

ing of new associations ‘old associations underwent extinction. With the

s

passage of time, however, these associations recovered in strength and

o

more successfully competed with recent learning. This resulted in
greater amounts of forgetting at longer retention intervals. While many
studies have provided support for these principles of interferenc;, the
problem has been that the data have not been pnequ}@ocal. Tested
independently, the notions of unlearning and séontaneous“recovery have
often failed to conform to ectations defiyed from interference Fheory
(Horton & Turnage, 1976). In addition, the general decrease in enthusi-
asm for S-R associgtip;ism'anq its recentl§ emphasized deficiencies have

!

encouraged researchers to seek theoretical alternatives. One such

i
-~ i

apéroach is the retrieval failure account of forgetting formulated by
~

Spe?; (1971, 1973, 1978). While it relies on the general notion of
interference as the major principle of forgetting, it utilizes a differ-
ent conceptual framework than traditional interference theory.
b. Retrieval Fdilure Theory.

The rg@&igval fq}lure approach io forgetting outlined by Spear
51973) can be viewed as a general theoretical framework or ofieniation,

rather than as an explictly well defined model. The ﬁéjor components of

.this framework include a description of what a memory is, and_ an account

P
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of forgetting iggierms of the failure to effectively retrieve such memo-

ries.

tion of an event or learning episode. It }s a multidimensional repre-
&

sentation composed of various memory attributes. These attributes cor-

respond to encoded versions of fhe fratures {both external and internal)

present during the origf?al“%vent. “When -the organism confronts the

original features, or features similar to the original, the. correspond-

.

ing "attributes representing these features are activated. When a suf-

~ P

- ficient number or type of attributes are -so activated the memory itself

will be retrieved. Forgetting is thus regarded—as a failure to retrieve

a target memory. This may result from either insufficient arousal of

respomnse to inappropriate features examlned by the organism GUrlng the

“a

retention test.

“

~W
.

Variables Influencing Forgetting

?

d. Retention Interval.

e .
One of the most elementary factors influencing forgetting is the

S

That more forgetting éhoula be found
7

at longer retentlon intervals seems 1ntu1t1vely obvious and qulte sensi-

ble. The earliest empirical support for this idea was prov1ded by

Ebbinghaus (Horton & Turnage, 1976). 1In addition to demonstrating that

forgetting increased with longer retention intervals, his research also

described the time course of forgetting in detail. His classic reten-

o A

tion curves portrayéd forgetting as a monotonic, negatively accelerated,

increasing . function of the retention interval.

O%o

The vast research since

Spear regards a memory as an organism's hypothetical representaQ

\ . i
appropriate memory attributes, or the retrieval of a:target memory in :
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Ebbinghaus, including both animal and hum;p investigations, has revealed
that this original notion was somewhat simplistic and misleading. Sub-
seqﬁent research has shown that the(effect of the r§?£ntion interval
interacts with a numsgf of o;per important variables, and that no ideal
;forgett;ng function" is to be found. Variables such as the nature of
the task, the measure of retention employed, the amount of~interference

from prior or subsequent learning, the degree of original learning, and
- ’

the contextual environment in which learning and testing occur are all

found to influence the rate of forgetting (Spear, 1978)., Also, even the

more basic’ assumptions concerning the time course of forgetting have
been challenged. For example, not all forgetting has been found to
increase monBtonically. ‘Perhaps the most dramatic case of ngnmonotonic
forgetting is the so called Kamin effect (Kémin“1957). This involves

the occurrence of more forgetting at intermediate Aetention'intervals
|

(between one and six hours) than at shorter or 1onger\intervals up to 24
: . . \

hours (Brush, 1971; Spear, 1971, 1978). A number of lother nonmonotonic

forgetting curves have been reported as well (Sandefs & Barlow, 1971;.

Holloway & Wansley, 1973; Spear, 1978). This evidence clearly shows
O 4
that the original Ebbinghaus function ddes.not represent all forgetting.

Rather, it appears that any obtained forgetting funétion will be related

"

to a variety of other variables. While the retention.interval itself
may provide only limited :insight into the study of forgetting, when

examined in combination with other important variables it certainly can
. . -

help to unravel this complex process.

~ .

b. The nature of the task.

That the nature of the learning event itself should influence the

~ux
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occurrence of forgetting is a none too radical proposal. And, indeed,
the 'numerous studies of animal memory have revealed that certain learned

events are quite susceptibI® to forgetting, while others appear to be ‘

v

exceptionally well retained (Gleitman, 1971). A clear and systematic
understanding of which tasks produce forgetting and which do not would

be extremeiy valuable for any theory of forgetting. Unfortﬁnately,

orderly relationships between learning tas*s and forgetting are

; ' 2
difficult, if at ?11 possible, to diséé;n. The following review will

illustrate this pr§blem.'

- -«

| | ST mes
Even with a relatively primitive form of learning, such as
Jabituation, the findings are highly variable. There are a number of

studies showing excellent retention of habituated responses over extend-

= ed retention ;ntervals, as well as'many reports of forgeté%ng over the
same and even shorter intervals. For example, exq?llent retention of .
habituation to novel tones has been founé using cdhéitioned suppression )
procedure§ X}th rats over intervals rangiﬂg from 30 seconds t\ 42 days ‘
(File, 19$3; Léaton, 1974, 1976). Habituated startle responses| in rats ;
have also|been found to be well‘retained up to six dayghkMoye , 1963; N 2
- Davis, 1972). Similarly, little if any forgétting has been reported for é
habitu;ted responses igvolving: tonic immobility in chickens (Nasﬁf z
Ronci & Gifraukas, 1976), escape movement in worms (Gardner, 1968; Ratner é
‘& Gilpin, 197§f€‘c6ntractile defense reactions in sea anemones (Logan & R é
Beck, 1978), spinal withdrawal reflexes in marinel mollusks (Carew, g
‘ Pinské; & Kande1,11972; Carew & Kandel, 1973), and body contrac¢tion in - g
protozoa kHamilton, Thompson, & Eisenstein, 1974). ponyersely, forget- 2
. . , : ‘ w
%ing of habituation in rats has been reported for lick suppression after §
72 hours. (File, 1973), head: shake regponses after 24 h&urs (Askew, \§'

“L

Sude
B P
o St




11

L4

Leibrecht & Ratner, 1969), and exploratory behayior in infants after one
hour (Parsons, Fagan & Spear, 1973). Also, forgetting has been found
for habitueted withdrawal reflexes in mollusks (Pinsker, Kupferman,
Castellucci & Kandel, 1969) and for contraction respon;eew in worms
(Gerdner, 1968). Thus, for rats, marine mollusks; and worms there are
data which show both excellent retention of habituation and substantial

forgetting. -

In addition to these ambivalent findings, further confusion appears

when the retention measures employed in these various studies are given

. 3
closer scrutiny. For example, two studieg which reported good retention

of habituation in mollusks based their conclusions on relearning scores

{Carew, Pinsk % Kandel, 19723 Carew & Kandel, 1973). It was found in

e

each study that considerable sévinge occurred for subjects relearning
the task relative to the acqtisition of a naive control group. Examina-
tion of the early retention trfals, howeVer,' reveals a considerable
decrement for the releerning groups, relative to their terminal perfor-

mance of acquisition. These decrements extended_ over at leastl\ten .
trials and would, therefore, seem to qualify as legitimate cases of for-

getting. A similar criticism can be made of the reported retention of

- -~

habituated movement responses in earthworms by Ratner and Gillpln

(1974). Although a signlfldant savings was found for reacquisition,

@

relative to original acquisition, a considerable decrement again can be
- . .
seen in the comparison of the early trials of relearning with the termi-

nal performance of acquisition. This decrement appeared over a number

of ten trial blocks, and would seem to indicate that forgetting‘had,

ASY

indeed, occurred. Thus, not only are there reports of both forgettlng

o

_qnd retegtion of habituation, but inconsistent me!hurement procedures

A R
.
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and interpretational anomoljies make this research difficult to collec-

tively evaluate.

\

A .somewhat similar situation exists with respect to Classical
- ~

Conditioning. Research on the forgetting \pf classically conditioned -~
. |

. .
/

. responses has been primarily restricted to the study of aversive stimu-
lus events involving fear S{Brush, 1971). :X\e. of the éarly studies
tended to support the permanancy cioctrine of S-R psychology: That once
formed, habits are permanently preserved. For égampie, a well known

* - study by Hoffman, Fleshler & Jensen (1963;) tested ;etention ip pigeons

for key peck suppression to a tone‘ that Had ‘been pairéd wif;ﬁ sHo?k;

after 2% years the presentation of the tone was sti,il-‘ able\’\to effective-
ly suppress key}_:.’eck'ipg. A subsequent study by Hoffman, Selekman and

Fleshler (1966) retested the same animals after an. additional three

years and again found no forgetting.
‘ . ~ S
The ,retention of conditiohed suppression has also been tested in - p

rats. Failures to find any substantial forgetting of 'suppress,éd water - i

S 20"

licking in adult rats has been reported for intervals of 42 days
. »

~ )
> )

(Campbell & Campbell, 1962) and 64 days (Berk, Vigorito & Miller, 1979).

-

Conditioned suppression of bar- preséing\ has been found to be well

- retained ovei\,igtervals of 21 days (Thomas, 1979), 42 days (Coutler, -

{

Collier & Campbell, 1976), and 90'days (Gleitman and Holmeé, 1967) .

2

.

)Other measures of conditioned fear have also yielded excellent reten-

v

* tion. These include the Miller fear escape task (Campbell & Campbell,

RN AP RCNE T W ANRIIION> LIS BRI [STERON S WANr OGS U A

1962) and learned helplessness (Hannum, Rossellini & Seligman, '1976)3

‘v,

That conditioned fear is permanent, however, is clearly not the case.
, ot 4

e
*

Ses i, v

1 For i'nstgncey_ Spe§r and Parsons (1976) have shown that considerable_

Lo

forgetting occurs in rats on a "hurdle jumping, es&ape from fear task"
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after 2B days, in both adult and younger animals. McAllister \and
ﬁEAilister (1968) reported forgetting ;ﬁ a similar test after just}4]
hours. ) - :
In addition to these straight-forward demonstrations of forgetting,
the;e are other findings which indicate that certain features of condi-
tionéd fear are Susceptible to retention deficits. One well established
finding is that Younger rats often evidence substantial forgetting in
situations in which adults do not (éampbell & Campbell, 1962; Campbell &
Jaynes, 1966; Coulter, Collier & Campbell, 1976). Another important
‘effect concerns the asymetrical retention of conditioned excitation and
conditioned inhibition. Hammond & Maser (1970) used a delay condition-
ing procedure to establish conditioned suppression to a tone. With this
procedure a temporal discrimination developed, in which significant sup-
pression ocfurred near ;he end of the co;aitioned tone presentation,
with little or no suppression océurring earlier. Such an arrangemerit
has typically been interpreted as %nvolving both conditioned excitation
and inhibitions. The iarly segment of the conditioned stimulus comes to
act as an inhibitory signal for fear, while the end segmeﬁt becomes an
excitatory signal for fear (Pavlov, 1927). 1In this study, it was found
that after. a 25 day retention interval the total amou;t of conditioned
suppression was the same as at the.- end of acquisition; although, the

-

distribution of suppressed behavior during the tone presentation changed

.

over the interval. The acquired temboral discrimination, which yielded

greater suppression at the end of ghe tone presentation, was absent™

after 25 days. It was concluded that the conditioned iqpibitory
properties associated with the early portions of thé’tone were forgot-

ten. Similar reports of retention of a fear excitator and forgetting of

-
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a fear inhi?itor have been found after 21 days (Thomas, 1979) and 35
é days (Hendérson, 1978) .

An additional findipg of importance concerns the forgetting of at-
tribu;es of the CS. Thomas and Riccio (1979) showed that while the gen-
eral ;bility of a conditioned stimulus to elicit fear may be(f:eserved
over a retenti;n intervéi, some specific attributes of the stimulus may
undergé foigettinég In this study the retention of cégditioned fear to
a tone was measured by its ability to block further conditioning to a

light when the two stimuli were presented in compound. Following condi-

tioning to the tone alone, compound conditioning was given to the light
“ N v .

" paired with either the same frequency tone used in the previous phase or t

a different frequency. They found that one day after initial traininé

with the tone alone, only the original frequency tone blocked condition-

ing to the light, while after a 21 day interval other frequencies also :

produced blocking. They argued that the fregquency attribute of the tone
- /

had been forgotten after 21 days.

iICollectively, the data on conditioned fear 'suggest that while
\ ) .
excekﬁent retention may be found, sufficient ‘evidence exists which shows

that these responses do undergo forgetting, and that such conditioning

7 . .
is clearly not permanent. Also, a numb%r of variables, such as age,

N e > e AW A

form of conditioning (excitation vs. inhibition) and the precise fea-

tures of the conditioned stimulus /may influence the occurrence of

Vo
-~ #

forgetting.

As with classical conditioning, there have been several demonstra-

<
3

tions of ggcellent imStrumental conditioning. Skinnér

{1938) reported that resis to extinction for a positively rein- .

~

forced bar-press response in rats did not differ at one and 45 days.

. |
- %
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Gleitman (1971) also found that resistance to extinction did not de-
crease as a function of a 52 day retention interval; there was éctually

) ‘ @
greater resistance after the long interval than when extinction was

carried out immediately. In another frequently cited- paper, Skinner
4
%

(1950) describes data from a keypecﬁ‘étudy with pigeons. The birds had

been originally trained to peck at an illuminated disc for food rein-

forcement. It was found that four years following acquisitioﬂ the birds

quickly resumed pecking upon reintroduction into the test apparatus. It
is interesting, however, that while Skinner argued that the data showed
that little fdrgett;ng had occurred over the four years, the alternative

interpretation, that forgetting had indeed ocqprred, has also been made
. .

{Gleitman, 1971). Skinner's retention test consisted of extinction, and

he reported that the number of responses that resulted were "... of the

order of one-half to one quarter of the responsés it woulé habe‘emitted
if extinction had not been delayed four years" (p. 20l). Such a
decrement woqld clearly qualify as an instance of forge%ting according

to most contemporary definitifns. Nonetheless, there are gther reports

of excellent retention for “instrumental conditioning. Wendt (1937)
trained a dog to flex his hind leg in order to terminate or ayoid

electric shock to the fore paw. He reportel no forgetting of this

I3

response after two and one-half years. Excellent long-term retention

o

has also been found fo?&escape training in paramecia (Huber, Rucker &

.

McDiarmid, 1974), and escapé—avoidance behavior in rats (Dicara &

1

Miller, 1968). Excellent retention of punishment has been réborted for

a'peckinq/peﬁponsé in Japarese quail (Meinecke, 1974). The téndency,ﬁo

.

peck a bead was suppressed in young, adult, and aged quail by ‘coating it

with an aversive substance. This suppression remained intact over eight

N

-

-
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days. Also, retention was found to be a function of the severity of the
. 9

3 .
punishment. The more aversive the substance placed on the bead, the

better t':he retentfi.on of the suppressed pecking.

That instrumental conditioning is not always well rééained.has also
been documented. For example, GleitmanlfJBernheim (1963) found that the
typical response pause associated with £fixed interval reinforc:ement
schedules was absent following a; 24-day retention interval. 'Gégne
(1941) found a progressive dec.l-ine in zrunway speeds in rats over in-
creasing retention intervals from 3 to 28 days. Gleitman & Steinman -
(1963) similarly found that rats tested 64 days after being trained to
run in a straight runway ran significantly slower Fhan a group"tested at
onie Qayx Evidence is also available for forgetting of a runway response
over an interval as short as .24" hours.'g\_b\(ill P Erlebgche;, and SEear
(1965) found a decrease in running speed froﬁ)the terminal tiial of one
day to the initial trial of ‘the fog.lc;wingf day, in animals that had

extensive prior nonreinforced experience in.the runway. In addition,

Steinman (1967), while reporting a decrease in running -speed over a 66
"day interval, fou,nd that subjects initially trlained with a hlgh :hagnj_L-

tude 'of reward still ran faster than a group given a lower magnitude of

reward after the retention interval. Thus, certain characteristics of

runway behavior may show forgetting while others may not.
. N

Another instrumental response tendency found to undergo forgetting

involves the depression effect accompanying shifts in reward magnitude.

-

When rats are reinforced with a\ relatively high magnitude or desirable

reward and are shifted to a lower magn\i)ude or less desirable rewai'd, a
%

decrease in response strength appears (Piéper & Marx, 1963). This so

called deprgssicn effect can be attenuated or eliminated by imposing a

* * . .
. . - . '
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s delay interval between the reward shift. Gleitman & Steinman (1964)

found that a depression effect which ag&;ared on a one-day retention

test, as measured by running speed in a straight alley, was absent for a
Ll -

- F]

group shifted after a 68-day interval. Similarly, Gonzales, Fernhoff &

N > [

David (1973) found a progressive decline in the depression effect for ° .
‘runway éerformance over intervals of l! 26, 42, & 68 @ays; ?y the 68th
\ dey the effect was cempletely abolished. ~
These findings, whieh suggest that rats forget the ma;nitudeipf

reinforcement assdgiaxed with acquﬁsitioq, have been extraploated to

o

account for resistance to extingtion effects. One such. interpretation

involves the &ell known contrast effect found with extinction. Extinc-

-
tion proceeds more rapidly following reinforced training with higher

magnitude rewards tﬁan with relatively lower values. One eﬁplanation'of
this  effect has been.that a greater depression effect is assumed to
accompany transfer to extinction from training with a high magnitude of _
reward thap from a low magnitude of rewafd. If this is the case, then
the imposition of an extended interval between—réinforced training and

extinction should ettenuate the depression effect, and thus reduce the

3

"differential rate of extinction typically\found in comparing high and
low reward conditions. .. Just such an effect has been reported by

Gonzalez et al (1973). They fgupd that when ext;nction'was given one

day after reinforced runway experience, a group given a higher magnitude
. \\..\_; <
of reward extinguished faster than a groqp_given a lower reward value.

When extinction was carried out 68 , days after reinforced training, the

~

groups did not differ in theirifgi?s of extchtlon._ A 51milar ana1y31s

-

has been applied to partlal relnforcement effects. A group glVen con-

tinuous reinforcement should experience a greater depression effect when
. ‘a DR -

» . -
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transferred to extinction than a partially reinforced group. With an
extended interval between reinforced praétice and extinction, the
depression effect should be weakened and rates of extinction between
groups giveﬁ continuous and partial reinforcement shoﬁld dissipate.
Aiken and Gibson (1965) have reported such an effect. They found that
rats givéﬂ extinction one day afte? partially reinforced practice took

longer to extinguish than a continuously reinforced group. After a 21

day interval, however, the extinction rates for the two groups did not

&

.

differ.
Avoidance conditioning has been one of the most popular prepara-~
tions used to study forgetting of instrumental conditioning. One of the

most conspicuous and interesting problems in this area has been the so

>

called Kamin effect (1957). This involves the U-shaped retention func-

tion, in which substantially more forgetting appears at intermediate

intervals, of between one and six hours, than either immedia;ely after
acquisition or after 24 hours. The effect has been found for both
active and passive a;oidance, as well as signaled escape (Brush, 1971;
Spear, 1971, 1978). In addition to this unusualtponmonétonic forgetting ;
function, further‘forgetting-of avoidance condifioning often occurs at . ?“

more extended intervals. Fér'example, Smith & Spear (1979) have shown

[RRTUR

forgetting of_ active avoidance at intervals of 7, 14 aﬂa 28 days.
Conversely, excellent rq.Fntion of active avoidance was found in adult
rats after 30 days by Potash and Ferguson (1977), While both studies
employed shuttle box ivoidance and a *similar acquisition criterion,

o

X /} thexre were a humber of minor procedural differences that could explain

the divergent results. These include different shock signals, location

L e B

of the animals during intertrial intervals, and the fype of retention

- “

-




-

RSSUNNPS. A

B R

19

test given (Smith and.Spear employed an extinction test, whilg Potaéh
and Ferguson u§ed relearning). 1In addition, and perhéps of greatest
importance, the measgfes of retention differed. Smith and Spear mea-
sured cross-over\laéencies during extinction and Potash, and Ferguson
measured triéls to criterion during relearning. It has been argued qpat‘
latency measures may be more sensitive to forgetting (Gleitman, 1971),
and this might explain the absence of forgetting reported by Potash énd
Ferguson:y A similar criticism could be made of another reported failure
to find forgett;ng of active avoidance with a runway procedure (Kirby,
1963). ﬁ;sed on a modified savings measure it was concluded that adult
rats evidencedcgood retention over a 50 day interval, although infant
animals did show forgettiné over the same interval. The absence of
forgetting in the adult animalsg in Kirby's stuay may ag;in be a function
oé having used a less sensitive measure of forgetting..

This problem of variable measures.of forgettingvis a major obstacle

L)

in evaluating the highly diverse findings on longlterm forgetting in

animals. It is further illustrated in a study by Thompson, Konigsberg

and Tennison (1965). They trained rats 25, 50 and 100 days of age to
N -,

avoid shock in a shuttlebox. Retention was tested at intervals of 0, 50

and 100 days. 'This involved an extinction test followed by a rqlearning
. . \

test. Data from the extinction test indicated that complete forgetting

had occurred for all age groups at the 50 and 100 da§ inter&als. Based

on relearning, which involved a comparison‘between rates of reacquisi-‘

tion and the learning rates of a naive control group, significant

retention was found for all age groups at all-delays. The problem is

that while a savings measure may indicate that considerable retention
N )
/

. has occurred, -such a measure ignores any .absolute decrements that may

¢
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have occurred between the terminal performance.of acquisition and the
ear;y phases of retention testing. These decrémenfs, even if they are
fairly transient, ;ould seem&ngly need to be accounted for, and may
provide important insights into memory processing. Reliance on savings
measures alone may reduce the opportunity to observe these changes.
Thus, perhaps the best strategy is to employ two or more measures of
retention. As an example of this approach, Feigley and Spear (1972)
tested the retention of active avoidance in rats at one and 28 days.
Based dn initial teé; trial cross-over latencies, adult rats were found
to exhibit significant forgetting over the 28 days. Relearnirng scores,
hdwever, showed no significant forgetting overlthe same interval.

Q 14
The forgetting of s%imulus control has been studied with both dis-

. crimination and generalization. A number of studies have investigated

- forgetting of discriminations by using choice mazes. These have in-

cluded both simultareous and successive problems, with both visual and

spatial discriminanda. Forgetting of a positively reinforced, simulta-

neous, visual discrimination has been found for rats after a three-day

interval with a T maze (Hill, Cotton, Spear & Duncan, 1969f and after 28
days with a two-choice alley (Hamburg & Spear, 1978). +Bryan & Spear
(1976) found a Kamin Effect in rats for a negatively reinforced spatial
T maze discrimination. A similar forgetting function has been reported
for a spatial T maze discrimination in beetles. Greater forgetting was
found after two days than after one, four or five dais in be;tles refri-
gerated during the regention interval (Alloway & .Routtenbe;g, 1967).

ey

This effect was obtained with both relearning and reversal learning
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tests of retention. Another unusual finding from this study was a
reminiscence effect. Retenéion improved' over the 1longer retention
intervals. A subsequent study by'Alloway {1969) replicaﬁed the unusual
two day deficit for both larval and adult beetles held in cold storége

during the retention  interval. In addition, considerable forgetting
over ten days was o;served in a group maintained at warm temperatiires.
There have also been several studies which have failed to observe
any significant forgetting with choice mazes. Campbell, Misanin, White
and Lytle (1974) found no forqétting in adult rats and guinea pigs for a
simultaneous spatial discrimination after 14 days. Rickard (1965) and
Crowder (1967) also failéd to find forgetting in rats .for 'a T maze
spatial problem over a seven-day interval, yhile Kopenaal and Jagoda
(1968) reported no forgetting of a spatial discrimination on a plus maze
after 72 ho;rs. Data from compiex multiplé unit mazes, howeveé, indi-
cate that. in these more complicated situations, spatial discriminations

are often forgotten (Tsai, 1924; Corey, 1931; Magdsick, 1936; Bunch,

1941); although, there have been reported failures to find forgetting

~
~

even with these tasks (Anderson, 1940).

ﬂ The situation with respect to simultaneous visual discriminations
with mazes is similar to that for spatial discriminations. There are
data shoying both excellent retention and substantiél forgetting for
these problems., Good retention for éimulténeous brightness discrimi-
nations has been reported for a T maze task over a five~day intgrval
(éhiszar & Spear, 1968), in a Y maze after seven day§ (Daniels, "1971),
in a two-choice straight alley after 14 days (Tryggvason & Tees, 1974),

~

and with a, four-unit alley discrimination over eight days (Thompson &

Fitzsimons, 1976). Also, Neylon and Brosgole (1974) reported excellent

e rw N Ay . . - Am . T otk ae
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retention for a visual escape problem after six months in éerbils. (Oﬁe
p;oblem with this study, however, again pertains to the method used to
assess retention. While the overall relearning scores did show consid-

erable savings, relative to original acquisition, the early relearning

\

trials were markedly inferior to the terminal trials of acquisition.

Thus, while these investigators concluded that exceptional retention had ’

been demonstrated, it ééuld be argued that forgetting had also
occurred) .

In contrast to the above examples of well retained discriminations,
there are also reports of forgetting. Brightness discriminations were
forgotten over 28 days in both a T maze task (Hamburg & Spear, 1978) and
a Y maze task (Deutsch & Leibowitz, 1966). It is interestiné that the
retention interval in which forgetting was obtained was considerably

longer than in the above studies which failed to find forgetting. This

illustrates the importance of employing relatively extended retention

intervals. It is possible that in those cases in which forgetting did

not obtain, the use of lﬁnger retention intervals may have yielded
entirely different results. In addition to forgetting at long r:tention
intervals, a Kamin Effect has also been obtained for a brightness dis-
crimination in rats (Bryan & Spear, 1976). ,

Forgetting of discriminations has also been examinea for tasks

involving response manipulanda as opposed to choice mazes. Gleitman and

Jung (1963) found no forgetting of a spatial discrimination involving a

" keypress response in rats after 44 days. Excellent retention has also

been found for viswal discriminations in .rats over 32 days (Maier &

Gleitman, 1967), ’in 'nocturnal prosimians after 22 months (Ehrlich &

Musicant, 1976), in pigeons after 14 days (Behrend, Powers & Bitterman,

;\‘!&
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1970) and 30 days (Kehoe, 1963), and with an elephant after eight years
(Markowitz, Schmidt, Nadel & Squier, 1975). Of particular interest is

the fact that the author was unable to find a single study demonstrating

‘

long-term forgetting of a simultaneous discrimination involving response
manipulanda. Thu;, an jimportant question to be adaressed by any vigble
theory of forgetting would concern the contrast between simultaneous
discriminations ingolving maze procedures and those involviﬁg response
manipulanda. With/choice mazes there is evidence of forgetting for both

visual and spatial problems, but studies employing manipulanda have

generally failed to produce forgetting for either visual or spatial

&

problems. .

3
—~

There have béen comparatively few attemg;s to study forgetting of

o

successive discriminations. This is.despite the possibﬁlity that such’

Y

problems may be more susceptible to forgetting (Gléitman, 1971). 1In one

of these studies Campbell, Jaynes and Misanin (1968) failed to find
forgetting in adulf rats for a successive bar-press discrimination over

~
a2 retention interval as great as 150 days. Younger rats, however, have

shown forgetting on a similar problem (Campbell & Jaynes, 1969).

Excellent retention over a three month interval has also been reported

in monkeys for a classically conditioned colour discrimination (Kimmel,

Brennan, McLeod, & Raich, 1979). 1In contrast, there is at least one
report of forgetting of a successive discrimination. Ludvigson,
McCleary and Boedeker (1980) trained rats to run in a straight alley for

food reinforcement. Discrimination training was then provided, during

which. responses on S+ trials continued to be rewarded, while reward was

. absent on S- trials. The dependent measure was running speed recorded

in several different portions of the alley. A Kamin effect was report-

%
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ed, in vwhich the acquired slower running speeds during S- trials dissi-

pated at an intermediate, interval of 1.25 hours. The effect, however,

was confined to the first segment of thgaaﬁyéy. The authors concluded
that the subjects forgot to suppress responding during S~ trials at the

intermediate interval. An apparent confound with &bese results, how-
: ™y
ever, is that not only was there anwelevation in running speed on the

earl§ alley segment for S- trials, but there was also an elevation for

S+ trials as well. Thus, the change in running speeds at the inter-
mediate interval may represent a performance artifact. Following

acquisition, the animals may have had a general increase in activity at

~
the intermediate interval.

Forgetting of stimulus cohtrol has also been assessed through
& 8
. \ .
generalization tests. Perkins & Weyant (1958). investigated generaliza-
~

tion decrement as a function of, a retention interval in rats. Running
S r .

[ ¢

speeds were measured\in:h straight alley that was either fhe same as was

»

used for original acquisition or novel. ‘“Thgse retegtion tests were
administered either 60 seconds or seven days after akquisition. They

found that when tested at 60 seconds, animals ran signiljcantly faster

oz

in the same alley as. employed during acéuisition than in a ndyel alley,

which differed in terms ;f brightness (i.e., thte or black). t the %
seven day interval, however, running speeds for groups tested in ‘the :
same alley and the novel alley d%h not differ. .Steinman (1967) has also i
shown foféétting for brightness cues in a'straight runway task over a %
66~day interval. | ?

The influence of retention intervais on generalization has also ;
been studied in pigeons for keypécking tagks. Th?mas & Lopez (1962) ié
found that wavelength generalization gradients, obtained from pigeons . f

A N e
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foilowing variably reinforced responding to a coloured key, changed as a

. \

function of the interval between tfaining and testing; thgy found sig-

nificant flattening of the gradients obtained at one and seven days
after acquisition, relative to gradients obtained immediately. The
essential différence bétweeg the gradients was that subjects tested‘af
one and seven days failed to restrict responding éo the original
stimulus value employed during acquisition. Two other features of this
study are noteworthy. PFirst, there was no difference between perform-

ance at one and seven days. This suggests that the forgetting associ-

-~

ated with this preparation may reach asymptote at one day. This might

Al

explain why Thomas, Ost and Thomas (1960) failed to find any forgetting
with a similar procedure after intervals of 1, 7, and 20 days.. Second,

"

ghe absolute amount o% responding fér all stiqpli tested was greater in
the one and seven day'groups th;; in the group tested immediatgly.' This
may indicate that the oﬁtained forgetting may in part be motivationally
based,‘apd may not be purely a matter of memory processing. The group
tested immediately may have beén less motivated to res generally.
Thus, the 5npésition of a retention interval betweenthquisigion!and
testing may havke influenced the birds' motivation or "willingness" to
respond to novel stimuli, rather than th;ir ability to recognize stimuli
as novel, based on some memory for the original S+.

a subseéuent study by Thomas and Burr {1969) attempted to control
for this possibility by érefeeding half of the subjects tested at~a one-
day intérval. Flatter gradients were still obtained at a one-day

interval as compared to an immediate test. In this study, original

training consisted of a successive go/ no-go discrimination between two

values of wavelength., It has generally been found that such training
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both'sharééns subsequent generalization gradients, relative to single

stimulus reinforced training, and causes the peak of such gradients to

shift away from the original S+ in a direction away from the S§-
(Rilling, 1977). Ig addition to the flatter gradients obtained at a one
. day; interval, Thomas and Burr found greater pgak shifts for the subjects

tested at one day. Again, tﬁis raises the question as to wbether the
performance changé; associated with this paradigm entail'only memory
processes or involve some other mechanisms as well. If stimuius control
is assessed according to the shape of the generalization gradients, then
# indged, Thomas & Burr have shown forgetting of stimulus control. The
peak shikt data, however, seem to contradict the notion that stimulus

control was lost over the cne-day retention interval. If the amount of

peak shift reflects’ the degree of stimulus control establ%shed during
discrimination training, then it would appear that no de‘céement had
occurred. A greater peak shift resulted at the/éne—day test than at the
nondelayed test. These data seem to present interpretational difficul~

‘ties. One response measure, the shape of the generalization gradient,
showed a decrement over the retention interval, while another- measure,

b

the amount of peak shift, showed no such decrement and actually showed

¢

facilitation.

c. Interference.

The popularity of dinterfeyence theory has lead researchers to

s

emphasize interference as the primary or sole source of forgetting.

This can be seen most clearly in a rather uncompromising statement by

o . ' sPlen (1978) in which he asserté: "Porgetting is causéd by

-

interference. There is no do7bﬁ about this, but the major task is to
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determine under what circumstances, and through what mechanisms, this
occurs" (p. 186). This position certainly can be supported by both
human and animal reseaxrch, yet some more recent experiments may require
a reevaluation of the decay principle (Loftus & Lof‘gus, 1979).

Nonetheless, the evidence from animal studies clearly suggests <that

a Y

interference is a primary determinant of forgetting, -

The role of interference in animal forgetting has been studied in
terms of ‘tw,o principle research strategies: the Retroactive (RI) and
Proactive (PI) inf'grference tasks. In a RI design, the subject is first
trained to criterion on some task and then, prior to a retention test,
is expoéed to some additional event. Enhanced forgetting as a function
of the interpolated experience, relative to a control group which
receives no such -experience, 1is ‘defined as .RI. Conversely, PI is
defined as enhanced forgetting resultix;g from experience provided prioxr
to the acquisition of the to-be-remembered event, relative to a control ’

~
group given no such prior experience.
1

Stuc_iies of RI in animals- have involved both 'nonspecific and
specific  interference manipulations. Nonspecific RI .involves
interpolated activity which is not qirectly relevant to the original
learning .episode. The ciassic study by\Jenkiﬁs and Dallenbach (192‘4),‘
in. which the interpolated activity was either sleeping or remaining:
awake, exemplifi;as x;pnspecific RI.& Simiiar manipulétions of nonspecific
RI have heen 4carrie}i out with animals. These have involvted the
comparison of forgetting between groups whioh spend the re,tention

-” - .
interval in either a highly active or ‘inactive state. For example,

Minami and Dallenbach (1946) found more. forgetting of a shock avoidance

task 1in cockroaches (Periplaneta americana) that were given forced

E
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treadmill zrunning immediately after acquisition than in an inactive
group, which was wrapped in tissue paper during the retention intervai .
A si"ng.lar effect has been found with beetles (Alloway, 1969); animals

v

which were' refrigerated following discrimination training, and which
were consequently less active, showed much less forgetting than a group
maintained at higher temperatures during the retention interval. Even

with invertebrates, increased activity during retention intervals has

been shown to increase" forgetting. Hicks, McDaniel and Hensley (1973)

tested retention of an escape discrimination task in isopods 18 hours

" after acquisition. One group was rendered immobile during the retention

interval by being wrapped in cotton, while another group was allowed to
move about freely; significantly more forgetting was found for the

active group. -

¢

Another way in which non specific RI has been studied has involved

tests of retention after metamorpho,'sis. Many of these studies, however,
have found that metamorphosis does not seem to produce RI. Alloway
(1972) reported good retention of a discrimination over metamorphosis in

Grain Beetles (Tenebrio molitor), both in terms of relearning and

reversal learning measures. Similarly, metamorphosis has been found not

" to produce RI in crested newts (Triturur cristtus) (Hershkowitz &

Samuel, 1973) and African Claw Toed Frogs (Xenopus laevis) (Miller &
Berk, 1977). These findings would tend to suggest that RI resulting

from nonspecific sources may not simply be a matter of general behavior-

al or physiological activity during the retention interval. It seems
- ~ .

that the activity must in someway involve information processing. Data

-

germane to this argument can be found in & study by Parsons & Spear

.

. (1972). They found that rats given environmental enrichment during-a 60
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day retention interval - which consisted of being housed in a group cage

Pl
~

containing other animals and stimulus objects not present 4in the

.

nonenriched single cage environment - displayed more forgetting thé% éhe
[ ]

nonenriched animals. They were also able to show that this effect was

not related to general activity differences associated 'with the two
®
environments. Thus, it would appear that for nonspecific RI to occur,

the orgaﬂism must actually process additional information™during the
interpolated activity. This may then somehow interfere ;ith the
retrievai of the target.event and produce enhanced fogéetting.

The study of specific RI in animals has typically entailed the

~ e

presentation of interpolated activity which is related to the original
learning event. For e;ample, Waters and Vitalg (1944) trgingd rats on a
14 unit multiple T-maze, and then provided interpoiated activity in ;95
form of additiohal learning on another maze. They found, howeve?, ;o

evidence of RI with this procedure at either one or ten days; although,

similar studies with multiple unit mazes have.often reported RI (Waters

& Vitale, 1944).

-

An obvious factor which ‘would influence the occurrence of g; in’
such studies would be the similarity of the interpolated task tojﬁye
original problem. The exteQ§ive research on RI in human vérbal learning
experiments has shown that the similarity between intéfpolated and
original 1learning is the cruc;al variablg__determining interference
(Bugelski & Cadwallader, 1956; McGovern, 1964). Thus, in attempting to
maximize interference effects in studies of RI in animals, researchers
have often employed‘reversal tfaining as the -interpolated activity. As

an example, Frankman (1957) found RI for a spatial discrimination in’

rats after reverse discrimination training. 1In édditigg, it was found
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that RI increased with the amount of <reversal training given, and
decreased as the retention interval increased; both of these results are

consistent with human verbal learning research (Spear, 1978). Crowder

(l§67) also found RI from reversal learning to decrease over retention
-

intervals ranging from O to one week, while.Chiszar and’ Spear (1969)

-

found a similar‘ effect over' 21 days. 1In the latter study it was‘a.lso
found that RI could be eliminatgeé by providing re\'re.l.fsal training in a
different cantext from that used for original learning (Reactivat;.on
treatments have also been shown to bé'effective in rgducinc,z: RI resulting
from 'reyersél i:raining'; Smith & Spear, 1979). ., Crowder, Cole and
Boucher (1968; were able to produce RI in .rats for both compl®te
/‘ 'reversal and partial ?fsal training 6;1 a thrée choice discrimination
problem. For complete reversal, subjects experienced .the same stimuli
but with the reinforcement contingencies changed, so that -the original
S+ became an S- and one of ‘the original 'S‘- becax\n:a an S+; partial,
reversal involved reinforced experience with only one of the original -S- -
displays available. It was found that more RI resulted under complete
revérsal than for a partial reversal condition. Reversal disc(rimination

training has also been found to produce significant RI in pigéons for a

-

o ARG T s e Sepad, et
.

. five choice colour discrimination (Kehoe, 1965)?.

-~

;While these studies taken collectively would seem to stffongly sup- %

) port the notion that. reversal training is. a powerful sot_lgce Qf RI in'e %
an.i:.nals,l there is a ft;ndamental problem with all such studies thg.tru;ay d ;
lim::it' their 'importance. Anjmals given revérsal ti-a'in,ing can not’ be y J
instructed to provide .responses correct for the original, problem as *‘
'ﬁﬁgans can’ (Zentall, 1970; Spear. 1978). The defigcits noted in these ,

v ¢ b
studies may simply‘ indi;:ate the tenderzxcy of t}le animals to respond ) f

S ; : . ‘
-« . - - N
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correctly according to the most recent contingencies. Thus, the

-

-
exaggerated decrements for origindl learning induced by reversal

~
~

training ﬁ not actually reflect forgetting of the original problem,

but rather may indicate good °‘retention of the reversal problem (Spear,
r \ . - .

1978). -

As an altéé;ative to the use of reversal training, Wickens, Tuber,
~

Nield and Wickens .(1977) relied on a tfansfer paradigm that has fre-

-

quently{been used in verbal learning studies of RI. Following condi-

tioned paﬁbflexion to a light ‘or tone CS in cats, additional condition-
- - ! * \

ing was’ conducted in which the CS and CR were changed in various combi-

.

nations. One group was trained to flex the same pav.to a different .CS;

a second group was trained to flex a différent paw to the same C§; a
- | N

fhird_group was conditioned to flex!a different paw to a differ%nt'cs,

\ .
while a fourth group served as a dontrol and received no additional
-~ ; - : r

conditioning. These various transfer conditions allowed RI to be
assessed ih texms of stimulus and responseé. similarity between original
and interpolated learning. In terms of a CS alone retention test

administered ten weeks after original conditioning{ all of the interfer-

- ~

ence groups showed more forgetting of the original conditioning than the
control group which received no interpolated learfiing; the latter group
evidenced no forgetting of the conditioned response. There were two

- N S
unexpected results, however, which are not in accord with results
< -

- -

obtained in verbal learning experiments. First, the greatest interfer-

ence occurred for the group given interpolated conditioning involving a
new C% and a new CR. This condiqgon'haé typically resulted in little,

] ’

if any, RI in verbal learning research. Second, when the groups were

tested in relearning, only the group given training with a new CS and a .

<

3

v
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A

new CR was different from the Control group. This kind of relationship

is again atypical with respect to verbal learning studies. While these

anomolies clearly suggest further research, the value of this-study is

.

that it offers a sound alternative to reversal fraining procedures often
employed in RI studies with animals. The most stgiking advantage of

this preparation is that specific aspects of the learning event can be

N
~

yanipulated in terms of similarity; this factor has, unfortunately, not
received adequate attention in previous animal memory research.

Studies of PI in animals have generally involved specific rather

-

than nonspecific manipulations of interference. Often, discrimination
reversal has again been used. A number of these studies have found
significant PI, and have shown that PI increases with longer retention

intervals. These results are consistent with data from verbal learning

- -~

experiments. For example, Gleitman and Jung (1963) found significant PI

after 44 days for a spatial discrimination in rats due to prior experi-

<

ence with the reverse discrimination; at oned day there was no such

-

effect., Similar fihdings with rats have been repérted\for a brightness
discrimination over intervals of one and five days (Chiszar & Spear,
1968), and a visual discrimination over intervals of one and 32 days

(Maier & Gleitman, 1967), Prior training on a reverse discrimination

~

has also been found to enhance forgetting in pigeons, as measured by
AN

~

generalization gradients (Burr & Thomas, 1972). Greater flattening of

<
such 4gradients was obtained one day after reverse discrimination

training than one day after experience with a single discrimination.
Partial reversals of discriminations have also been found to produce PI

“in animals. Maier, Allaway and Gleitman (1967) first trained rats on a

; ,
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two-choice simultaneous, visual discrimination. Half the animals ‘then

received a discrimination in which the previous S+ became an $- and was

\

paired with a new St+. The other half was given a-néw-s-\paired with the

0ld S-, which was now changed to S+. Retention for the most recent

<

discrimination was tested after one and 32 days. Signi{icant forgetting
occurred for both partial reversal conditioés after 32 da;s, relative to
terminal_ agquisition performance, but not after one day. Although a
control group was not included, a previoﬂs study by Maier and Gleitman
(19675 found no  forgetting of a single discrimination of the type
tested, so that it could be concluded t£at PI was responsible for the
forgetting observed. Koppenaal and Jagoda (1968) reported similar

N © .
results for a two-choice position discrimination. Rats were first

-

trained to turn in one direction and then trained to make the opposite

*
\

turning response on a plus maze. Progressive PI w;s found, relative to
a group given single response training, over iﬁtervais of .5, 24 and 72
hour§. Finally, PI has also been established with conditioped avoidance
in rats (Spear, 1971). Chiszar, .Gordon and-Spear (1972) found more

forgetting of active avoidance #%hen ‘it was .preceeded by passive

°avoidance experience. A;so, the amouht of PI was found to increase with

the degree of passive .avoidance training and with longer retention

intervals.

« 0

. \
It is important to note, however, that not all studies which have
.

attempted to study PI in animals have been successful. For example,

[y

Kehoe (1963) was unable to demonstrate PI fof\a five choice, discrete

trial, colour discrimination in pigeons. Prior reinforced training with

» -

one of the colours as S+ did not interfere with the retention of a ..

Y
reverse discrimination, in which a new colour served as S+, after

Py

b
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intervals of 1, 10, and 30 days. Similar failures to find PI with the
reverse discrimination procedure have been found for spatial problems in

rats (Rickard, 1965; Crowder, 1967). While there have been attempts to

explain these null results (Spear, 1967, 1971; Gleitman, 1971) these

post hoc efforts are perhaps of limited value, due to their speculative
nature. The more important point is that PI has beep shown to occur
with reversal ‘procedures, and in those cases in which it has been found
it has increased over time, which is consistent with human experiments.
In addition, there have been other situations found to produce PI which
do not involve discrimination reversal., For example, Chiszar and Spear
(1968) measured the latency for rats to consume food that had been
tainted with guinine, either after prio£ experience with normal food or
without such prigr experience. Significant PI was shown in terms of-
decreased latencies to consume the food after 60 minutes in the group

given prior food experience; after one minute no difference between the ~

groups was observed. Spear (1967) has also reviewed evidence showing

-~
~

tha? experience with a given reinforcer magnitude can interfere with the
retention of a subsequent reinforcer magnitude. Thus, the importance of
PI as a source of forgetting is not restricted to reverse discrimination
problems. )

In addition tb direct examination of PI, theré have been attempts v,
to employ PI as an explanatory mechanism for various phenomena. For
example,‘Gonzalez, Beh;end and Bitterman (1967) argued that improvement
in serial discrimination reversal (SDR) depends on PI. They postulated
ihat over the course of SDR training PI accumulates and intérferes with

the retention of the most recent discrimination. When the animals are

then shifted to the next reversal of the discrimination,  the poor

i, e

4 -
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retention(of the previous problem facilitates performance on the new
problem. Empirical support for this proposition has been provided by
Behrend, Powers, and Bitterman (19702. These researchers tested pigeons
for the retention of two-choice visual discriminations. All animals
were first trained on a djiscrimination and then tested with relearning
after one or 14 days. Following the retention test, reversal traiging
was conducted with an additional retention test for this problem, again
-y
at either one or 14 days. This procedure was continued for two more
reversals, Thus in all, retention tests were given for the origihal
discrimination and the three subsequent reversals. While no forgetting
was found at either interval for the original problem, forgetting of the
subsequent problems did obtain with an increase in the amount of forget-
ting for'gach subsequent reversal. Also, morg forgetting appeared at
the 14 day intervals. They argued that these findings support the PI
explanation of SDR. There are,'howevefi problems with this exélanation.
First, while differences in the fg}earning‘scores were obtained across
succes;ive problems and between the two intervals, the absolute number
of errors madé during relearning do not appear to be different from
performance at the acquisition criterion. The greatest. mean erxrors
reported for any of the problems or intervals was less than four, while
the total number of errors allowable at c¢riterion for the same number of
trials was six! Thus, in terms of performance at the end of acquisition

and &uripg retention testing, there is 1little if any evidence of

forgetting under any of the conditions in the Behrend et al (1970)

study. Another problem for the interference interpreta§;6n of SDR is
that a subsequent study with rats by Calhoun and Handley (1973) seems to.

oppose the PI explanation. In this experiment rats were trained on a:

¢

ST -
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series of 33 successive reversals of go/ no-go discriminations. The-
’ w_

animals were then tested 32 days 1later. Half received the same
-~

discrimination that they had on day 33, while the o£her half was given
the reverse discrimination. If the PI argument of SDR is correct, then
both groups should have performed similarly on their respective
discriminations, since the accumulated PI would be expected to inferfere
equally with the retention of eithe? discrimination. The results’
, indicated, however, that there was bettéf‘peiformance on the nonreversal
discrimination than on the ‘reversal problem. These results woudM,

therefore, challenge the PI intexpretation of SDR. Thusg, * while PI

appears to be a potent source of forgetting in animals it has not always

been obtained, and may not always be extended as an explanatory mechan-

ism for other phenomena.

d..’ Cbntextual determinants of forgetting. .

There is considerable evidence implicating the importance of con-

L

textual cues in memory processihg. Contextual cues have typically been

”

defined as cues present during the learning episode, but which are not .

e
necessary for learning to take place, although, these cues may exert an

influence on both learning and retention. The concept of contextual
cues can perhaps best be understood,b in terms of Underwood's (1969)

/ S
"’ distinction between categories of memory attributes: task dependent and

task independent. Task dependent attributes pertain to those features

of a learning event that are directly relevant to the occurrence of the

preps

\target résponse. These would include such cues as the CS in classical

conditioﬁing and discriminative stimuli in instrumental conditioning. )

Ay
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These are cues which are most highly correlated with the target response

and the environmental events which define “the learning episode. The
presence of such cues are a necessary condition fo;' the target response
to occur. All other cues which may be correlated with the learning
:vent, but upon which the target response does not depend, would be
defineci as task independent. These can be referred to as contextual
cues. For example, for a spatial discrimination 4in a T maz;-_, specific
cues which define the appropriate choice arm ar;d distinguish it from the
incorrect arm would be task dependent attributes of then target memory
representin\g this event. Any other cues, such as the texture of the
maze floor, ambient odors or the internal physiological stflte of the
organism during training, could all be considered contextual cues or
;

task independent. While these cues can not aid the animal in choosing
the correct alternative, which defines the target r;asponse, they can
influence performance.

A study by Riccio, Urda and Thomas (1966) illustrates the

\

importance of contextual ‘cues. Pigeons were tra'ined to peck an
illuminated key for' variable food reinforcement with the floor of thé
chamber either horizontal c;g: inclined at 30 degrees. They were thén
given generalization testing in which key pecking was assessed under
various angles of floor inclination. Even though the angularity of the
chamber floor was not a necessary condition fér reinfg";)rced pecking at
the stimulus key,””ﬁme results indicated that floor tilt did influence
performance. Total responding to the key was less Whgn’ the floor
inclination durinc:; the generalization test differed from acquisition.

Other experiments have similarly shown that ‘features of the ?:esting

apparatus that are not directly relevant to ‘the target response can have

~.

-

y
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a dramatic influence on performance, For example, rats trained to run-

in a straight alley evidence slower running speeds when tested in an

alley that differs in brfghtness cues (Perkins & Weyant, 1958; Steinman,

1967) . Miller (1960) reported that rats trained to run for food in a.
straight alléy could learn to persist approaching food when shocks were
administered in the goal box, if the animals were gradually exposed to
increasing shock intensities. This effect, however, only. appeared ;f
the shocks were administered in the testiné apparatus; a'ér@duai_shock
series provided outside the apparatus did not produce persistance.ﬁ

Hickis, Robles and Thomas (1977) reported significant effects for

context manipulations on postdiscrimination generalization gradients.

They trained pigeons on two separate interdimensional discriminations on .
]

alternate days. One discrimination consisted of a particular value of
wavelength as the S+ and a line orientation’ as the S-. The other
discrimination involved a different line orientatioﬁ as the S+ and a
different wavelenth as the S-. In addition, contextual cues were either
the same for both problems .or different. They found that when the con-
text was the same for both proglems, QeﬁéfEIization gradients obtained
for both wavelength and line orientation were as if the anIhals had
received intradimensional training.on these problems. Peak shifts were
obtained on the colour dimensikon as if ‘the two colour stimuli had been
part of the same discrimination; the same occurred for the line orieﬁta-

tion dimension. When the contextual cues were different between the two

.problems, no peakﬁshifts were obtained on either 'dimension. Related

context eff:jfé> have been obtained with classical conditioning.
Desiderato, Butler and Meyer (1966) classically conditioned a light as a

fear stimulus and then tested conditioning by examining the rates of ac-

~y
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- quisition in aihurdle-jump—escape task. When this training was conduct-

ed in a different apparatus than was used during init}al conditioning, a

B ) significant -decrement was noted. Finally, Bouton and Bolles (1979)_
tested the ability‘of US presentations té reinstate conditioned fear N
following: extiﬁction. They found that S%Fh a procedure was only
successful if the US presentations occurred 1n the same context as the

subsequent reinstatement testing.

These examples show that exogenous contextual cues can significant-

ly affect performance. Endogenous contextual cues have also been found

. to influence learned behavior. The phenomenon of state dependent reten-

P 2T e %W ot a

tion is one such example. It has béén shown that animals trained during
1 a particular drug state show a deficit when tested in.a different drug
é state (Overton, 1964; Bliss, 1972; Spear, 1978). Some of the unusual
i multiphasic retention functions that have been reportéd can also be

interpreted as instances of endogenous contextual cue effects. For

P

example, the highly regqular multiphasic retention found with passive and

¢

E active avoidanCe in rats, seems to be related‘to internal contextual

; cues which change perlodlcally over the Course of 24 hours (Holloway & —
% Wansley, 1973; Wansley and Holloway,' 1975; Hunsicker, 1977; Spear,

: E 1978). ‘

; ’ One explanation of context effécts relies on the notion that all

1 , .

§ stimuli present during learning become conditioned to exert stimulus

control over responding. Any contextual cues present during learning

will become part of a global stimulus associated with the learning

event. "According to this view, contextual cues function like any other

Y w———t e o

stimuli which come to control performance. Learning is regarded as

-

{ context specific, in that subsequent transfer tegts or retention tests
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~ will be influenced by ény contextual changes frgm original acquisition.
Thus, changing the brightness cues associated with a straight allgy that
rats had been trained to run in, results 'in a general change in the
_ global stimulus controlling such behavior; when this stimulus is altered
a generalization decrement may resuit, and. running speeds may be‘
affected. A study by Qelker, Tomie, Davitt and Thomas (1974)
illustrates this position. Pigeons were first trained to peck a dark
key in the presence of a houselight and tone. According to the global
stimulus position, these contgxtual cues should have become a part of
the stimulus controlling pec¢king. In the second phase of theq
expgrimént, all subjects were given successive dis;rimination training
between a green key and a key containiné a vertical line. For one group
the houselight and tone were present only during the S+, while another

group had these cues available only Huring S-; a third group had the
{ , ’

3

houselgghF and tone present during both S+ and S~ trials. The results
revealed significant differences between the groups in the rate at which
tﬁe discrimination was learned. When the original contextqai\cues were
present only during S+, acquisition was enhanced; their presence during

\

only S- or both S+ and S- trials retarded acquisition. These results

suggest that the control developed by the contextual cues in phase I
transferred to discrimination training. For the S+ alone graﬁp, this
transfer was positive, and for the other two groups it yas negative.r
Fhile results such as these do seem compatible with a condiFioning
model of stimulus cont¥ol, there are other data which indi;ate that
contextual cues may operate indepe£dently of other task dependent
attributes. One specific test of the conditioning model , of context

N

effects was conducted by Gleitggn (1971). According to the conditioning
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model, forgetting results from a change in the stimulus conditions
between learning and testing. For some reason, the stimulus conditions
become'increasinqu different over time (this assumption is needed in
order to account for the‘pervasive finding that forgetting generally
increases with the length of ‘the retention interval). All stimuli
present during the learning episo%sﬁ including contextual cues, become a
part of the global stimulus situation identified with the learning
event. When any of these cuées change over time, the global stimulus is

altered and forgetting, as genefalization decrement, may ensue. In two

separate tasks Gleitman trained rats to respond under either an unchang-
ing or variable contextual cue background. It was hypothesized that if

. the generalization decrement notion is correct, experience with the

P CIvary

variable set of contextual cues would make changing cue conditions more
familiar. This should reduce the likelihood that changing cue condi-

tions over the \retention interval would be noticed. Thus, less

; | ) .

§ ‘ forgetting for this group, was expected than' in a group exposed to a
i )

static set of contextual cues during acquisition. In neither task,
; % -
however, was a significant difference in the amount of forgetting

obtained between the two conditions.’

A second, and perhaps more convincing body of evidence suggesting

that contextual cues do not simply function as other task dependent

e S A 4

attributes, involves context ipulations during._acquisition and
N .

tests of stimulus control. Chiszar and Spear (1969) found a substantial.

decrease 'in interference effects associated with reversal training for a

spatial discrimination in rats, as a result of contextual cue changes.

When reversal training was conducted in a different T maze from that
. P
used for acquisition, - RI was eliminated and PI was substantially

e e -mmlé, .
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reduced; a similar effect wés reported by Zentall " (1970). Thomas,
McKelvie, Ranney and Moye (1981) examined the influence of contextual
" cues on interference in " pigeons. They trained animals on & successive
go/ no-~go wavelengtim discrimination followed by reversal training. The
reverse discrimination took place in either the same or a different \

| scontext as used for the original problem. Generalization testing was

then conducted in either the same or different contexts experienced

during reversal training. The group trained and tested in the same
context for-l?oth problems produced gradients appropriate for the . most
recent problem: Thé gradients peaked at the reversal S+ value. The
same result was obtained for the group trained in different contexts for
the two discriminations and tested in the context associa-ted with the
reversal problem. The other context change group, which was tested in
the context used for original discrimination training, showed "context-
generated PI". The peak shifts did not appear at values appropriate for
. . ‘the reversal problem. Results from these studies ar: difficult to
interpret with‘ a cona'i'tw{;nmf context effects. It .has
> generally been assumed that discrimination fraining within a given con-
text reduées.thq_ stimulus c-ontrol conditioned to contextual cues, since
. %
these cues become less ‘inform_ative (Honig, 1969; Rescorla & Wagner,
1972). Thus, retention of either an original discrimination or a
reverse discrimination should be 1little affected by contextual cues

JEveI

associated with these problems. Data from Chiszar and Spear (1969) and

:Ql ' .
Zentall (1970) indicate, however, that such an effect does occur.

-5

s
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‘Thus, contextual cues may not simply function as other tagjer dependent

RS
L)
“r

attributes and may exert independent control over memory processing. As

of yet, there is no clear theoretical account of how this may_-'Bccur.
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e. Similarity.
»

Theories of forgetting which have emphasized the principle of
interference have generally agreed that the degree of similarity between
original learning and interfering material is the fundamentgl parameter
governing forgetting. The more similar the competing experience is t;,o
the learning episode being tested, the more 1likely it will be that

~
forgetting will occur (Spear, "1978). Attempts to study this variable in
human learning and memofy have typically sought to manipulate similarity
along specific dimensions, usually involving the characteristicé of
verbal materials. Similarity has been varied for meaning, orthographic
distinctiveness, associative relationships, and other dimensipns upon

[

. which verbal materials have been normalized (Jung, 1968). ’ljhe effects
of these‘ manipulations have been a_ssessed for intralist acquisition,
" interlist transfer and retention. These tests have typically shown .that
< both acquisitiox; and retention are significantly influenced by simila-
rity ('Osng)d, 1949; Bugelski & Cadwallader, 1956; Underwood, Runguist
7~ and ‘Schultz, 1959; Wimer, 1964).

While it has generally been acceptad that similarity is also the
primary parameter for intexference in animal‘s (Spear, 1978), this issixe
has only rarely received empirical éttention. In one such 'case, Maier,
Allaway and Gleitman (i967) manipulated similarity in a' study of PI.
After training on a visual discrimination,, rats received additichal
training with partial reversals of the original problém.. Two groups
were given proble;ils composed of either the old S+ or §-,. which w;re
reversed in function and pa?uired with new stimuli. It was found that the

~ amount of PI after 32 days did not differ betw;aen the two groups.

L

Unfortunately, a group given the standard complete reversal was not

43
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included, so that examination of the effects of reversal similarity on-
PI were rather limited. A study by Crowder, Cole and Boucher (1968)

a{?o examined the role of partial reversals in interference. They, how-

-

ever, included a complete reversal condition, as well as an extinction
L

condition in which the original S+ was presented in isolation without

reinforcement. They found that at both immediate and 48 hour retention

tests the amount of RI increased with the degree of similarity between

the interpolated learning and the original prl.'oblem. The greatest amount
of interference was obtained under the reversal condition, followed by
the partial reversal; the least emount of RI occurred for 1.;he extinction
condition. Zentall (1970) was able to show that the a:mount of RI found
with rats given a reverse sg;a_tial discrimination was related to the

similarity of the contexttial cues. associated with the original and

>

reversal problems. RI wds greatest when the context remained the same,*

> ~

and’ declined -as the degree of similarity between the two contexts

decreased. Finally, Wickens et al (1975) ﬁlaniéulated the simiiarity of :
interpolated experience follewing classical conditioning in cats. They
va‘,ried both the etimﬁlus and responseé char_écteristics of.a second serieg

of conditio’nfng trials given after original eequisition. As described
: . - ' _?.'
earlier, tlfey unexpectedly found that\- the” condition which yielded the

, '0.

greatest amount of RI xnvolved conditioping with a new CS and new CR.
- ‘ -

-

'I'hJ.s result is ;Mx in oppos:.t:.on <to results from smilar verbal

’

3 - .
.learnmgwstudies. y . . S

Altfwugh it appears that similarity is~ 'regarded as an imporg:ant

variable "in animal forgettmg (Spear, 1978)., other ‘than the examples

e *

~

Just mentioned, thete has been conspicuously little research on this )
issue. One plausible reason for this may have to do with the difficulty
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" conclusions can be drawn. Thesé ,‘ihclﬁde the‘foilowiﬁg: ] :
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involved in measuring similarity for either Stimuli or responses used in

> RS
-

animal memory research. Nonetheless, studies such as 'Wickens_et al

a

'(1977\) illustrate the potential for s{1ch re§egrch. Another preparation

—

which .may be amenable to similarity manipulations is the study of
géne'ralization gradients, especially with pigeons. Theixr highly
:gq - . - .

developed visual , capacities would alldw for manipulaticons of visual

-

similarf%y between stimuli oh a number of dimensions, such as size,

°

shape, and wavelength. As of yet, ‘,researchers have not taken ,advantage

of this potential. £ = .

L}

Another interdsting guestion yet to b€ examined concerns the role

" of within problem stimulus similarity in the forgetting of discrimina-

.
-

tions. One would expect that discriminations in which the <choice

> e

stimuli were highl{ similar would be mox:e vulnerable to interference,’

|
and may yield greater forgetting than problems containing highly

dissimilar stimuli. This may explain the excellent retention often

'z-ep’c;rted for discrimination problems. These studies may have employed
' ey

\highly dissimilar stimuli. A systematic investigation of this issue has

thus far not been underte;ken.

.
, N

, N . A - . . .
? - ? N

£. l Summary. i : .

The present:réview has clearly ndt covered all of the variables
known to affect forgetting. 7 It has, howevér, examined the 'major

variables, and has concentrated on the variables investigated in the

< -

L] N

thesis research to .be described. Based on this review, a number of

\ 1) Forgetting generally increases with the length ofy the retention

interval; although, the time course of foi'gett;ing isl clearly

. - ’ }
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influenced\by other variables‘and nonmonotonic forgetting
* ' i ° : .
funrctions do not always obtain. Thus, it seems valuable to
, . )

evaluate the time course 'of forgetting as‘én empirical questioh

for any new paration used to study memory processing in

animals.

~

2) It is extremely difficult to discern meaningful relationships
between the nature of the learning event itself and forgetting.
The highly diverse and unsystematic nature of the research makes

it difficult to compare and contrast experiments both within and

A C“between the various types of tasks. The one valid conclysion .
;/ ~ < -
J ) - that can be made is that all forms of learning appear to be

P -

: . susceptible to forgetting. The;e is evidence of forgetting for
1 [y
4 -
habituation, clkassical conditioning, instrumental conditioning,
> O fa-
stimulus control, and more complex learniég; It is difficult,

1

however, to explain why forgetting occurs in some situations and

B Y aneN ° > . -
not others.

%

3).When forgetting does occur it is often the result of interfer-
. 0 i > .
> ! ence. Learning experience outside of the original learning

episode enhances forgetting. ,Both RI and PI have been

documented in animals. This research has also shown‘that RI
* ’ » ‘
generally decreases over a retention interval, while PI :

increases.

4) Contextual cues have been shown to significantly influence s !

o

memory brocessings Changing contextual cues hetween 1earningl

TSR L

=~

' and retention can drastically disrupt performance, apd inter-~

ference from competing experiences .can be reduced by changing
N ' - Dp»eg

the contextual cues associated with these experiences. /Aiso,
. ‘ |
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exposure to contextual cues during a retention interval can

< often reduce subsequent forgetting.
)

. 5; The similarity of learningég%periences has been shown to di}ec-
tly increase interference and subsequent forgetting. The vari-
able of similarity, however, has not been adequately examined

- <
with animals. This research seems to be of great importance for
both the development of memory theories, and for the comparison

of animal and human research. =

4. Thesis Outline

S

Researcheéé have generally recognized the pigeon as a valuable
!

laboratory species for the study of learning. Besides the obvious
features whicﬁ make the pigeon so popu%gr, such as the ease with which
they can be handled, maintained ’and trained, there are specific
characteristics of these animals which render them particularly useful
for learning xesearch. Perhaps the most important is the pigeon's

visual capacity; this includes both good wvisual acuity and colour
‘vision. Both of these factors make the pigeon especially well suited

-

for studies of visual stimulus control, and offer a much wider range of
pétential stimulus manipulations than is possible with other laboratory
. o . ‘ - . -

species, such as the rat. Thps} the pigeon has provided considerable

' data on the problems of discrimination and stimulus generalization. =
-4 * .
My.recent years the pigeon has also been recognized as an excellent
] . . ¢ 2
/

laboratory preparation for the study ofg’;eéhgy processing. It is
K] @», M - .

curious, however, that memory research on the pigeon has been primarily

. ) [ 3
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restricted to the study of working memory. While there have been a
great number of studies of working memory in the pigeon, there have begn

relatively few studies concerning reference memory. This is despjte the

obvious value of such research. Based on the pigegn's visual capacity,

a number of interesting questions concerning reference memory could be
<

addressed that are not possible with less visu;l species, such a§¥the
rat. In addition, the vast literature on pigeon learniég already avail-
able would provide an excellent foundation for referehce memory
research, and could offer the opportunity to develop mEmory models of
learning phenoména. A more elaborate understanding of pigeon reference
memory could also enhance the comparative analysis of memory procesfing,
given that a substantial literature already exists‘on reference memory
in. other species. Finally, working memory has been more thoroughly
studied in the pigeon than any other laboratory species, excluding
humans.‘ Thus, there se€ems to be a great potential for integrating
research on working and referknce memory in pigeons. This could have
substanti%{ benefits for the study of memory procgssing generally. It
would app;;r, therefére, that the study of pigeon reference memory is of
great importance, aﬁd the éaucity of such research can not be a métter
of indifference. - ‘ . .
One p;iysiSIe explanation for the‘'absence of an extensive interest
in éigeon reference memory may be the difficulty in establishing a pre- -
paration which yields robust forgetting. A number of early reports of
reference memory in pigeons failed to discover any significant forget-
ting (Skinner, 1950; Thomas, Ost & Thomas, 1960; Hoffman, Fleshler and

Jensen, 1963; Hoffman, Selekm(i, & Fleshler, 1966; Kehoe, 1963). The

only preparation which has been shown to produce long-term forgetting in

0
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the pigeon has involved generalization testing. It has been found that

generalization gradients obtained one day or more after initial training

v

are significantly flattened, relative to an immediate test (Thomas & -

Lopez, 1962; Thomas & Burr, 1969; Burr & Thomas, 1972; Thomas, McKelvie,
Ranney & Moye, 198l; Thomas & McKelvie, 1982). While these studies
demonstrate some loss of stimulus control over a retention interval, it
is interesting that forgetting of.discriminati'ons has not yet been
demonstrated in pigeons; although it has befn well documented in rats.
The only direct examinatief of this qt;estion;was by Kehoe (1963).
Retention for a five choice colour discriminationl was tested after
intervals of 1, 10, and 30 days. No f_orgetting was.obtained at any
interval, even in a PI condition, which involved . prior training on a
’ .

reverse discrimination. Additional evidence of resistance to the for-

getting of discriminations in pigeons can be fognd in some of the gener-
alization studies. In some of these experiments generalization testing
was preceed.ed by a successive go/mno-go discrimination (Thomas & Burr,

a

1969; Burr & Thomas, 1972). Although both of these studies found flat-
tening of 'generalization gradients at a one—day retention interval,

close inspection of the reported data reveals that the original

discrimination remained intact. The birds continued to peck at the

-original S+ and refrained from pecking the S-. 'i'hus, the original

~

discrimination was not ~found to evidence any forgetting.

Several pilot studies by the author further attest to -the
durability of well learned discriminations in pigeons. In one experi-
ment, the retention of a simultaneous two-choice pattern discrimina-
tion was tésted 28 days following training on the last of five addition-

al discriminations. These interpolated problems included both pattern
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and form discriminations. There was no forgetting discovered in any of
the twelve subjects. In another experiment, an attempt was made to
induce forgetting through a PI manipglation. Subjects received

:5
s P ~ , "
preliminary training on three separate successive go/no-go discrimina-
e
tions involving pattern and form stimuli. They were then given training
on a fourth compound discrimination. This consisted of two stimulus

—

displays cogstructed by combining the elements of g?e three previous
problems. The three previous S$- stimuli were combined iﬁto a single
display and designated the S+; the three .previous S+ stimuli were
combined to form a new compound S-. This reversal procedure was
;expected to enhance forg%}ting through PI. A retention test for the
compound discriminatiop after 28 days revealed no forgetting by any of
the six suybjects. Finally, a third experiment was successful in
producing forgetting-of a two-choice visual discrimination. The problem
‘involved a sﬁccessive go/no;go discrimination using a discrete trial
procedure. Peck responses to S+ were followed by reinforcement while S-

gl

responses were extinguished. The two stimulus displays consisted of

either two or three green dots arranged horizontally on the response

key. The learned behavior involved a cessation in pecking the S-

t

display. This 'respgnse tendency was found to. undergo substantial
forgetting over 20 .days. The following reseazch_ﬂinvol;ed a more
detailed analysis of forgetting found with this procedure, including the
influénce of interferencg, the length of the retention interval,

similarity of the two displays, contextual change, and repeated testing.
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Experiment 1°
Forgetting of Qisual Discriminations in Pigeons:
The Influence of Problem Type,~Interference, and Retention Interval

There has been no published evidence showing forgetting of dis-
criminations in pigeons. The only explicit attempt to e;amine this
guestion failed to find any significant forgetting for a colour discri-
mination after intervals as long as 30 days (Kehoe, 1963). The only
other related research has involved delayed generalization testing.
These studies have shown some forgetting of stimulus contr;l over a one-
day iﬁterval'(fhomas & Burr, 1969; Burr & Thomas, 1972). The forgetting
obtained in these experiments involved the flattening of generalization
gradients obtained oqs_rday after either single stimulus reinforced
training 6r ;fter disc;imination training. The actual discriminations,
however, did not show any substantial decrements over the same interval.
Pigeons that had learned to‘refrain from pecking the S~ display, while
continuing to peck the S+, showed no evidence of a di;ruption in this
learned behavior. 1In addition, several pilot experiments by the author
also failed to show any forgetting of visual discriminations in pigpons.
These included both simultaneous and épccessive problems. It was only
with one particular procedure that férge£ting‘of a discrimination was

———

obtained after a 20-day interval. The present experiment attempted to

formally investigate the forgetting obtained with thig prepération, andA

to examine the influence of some imﬁortaﬂ%kvariables on this forgetting.
The problem involved a successive, discrete trial, go/no-go

discrimination. ' Pigeons were trained to peck an S+ display and to
% 4 R

>
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withhold pecks during the S- display. The two displays differed by a
- . single feature. The discrimingtive stimuli involved displays contain-
ing either two or three green dots horizontadly arranged on the response
key. Displays of this type have often resulted in what hés beén called
the . "Feature Positive Effect" (Jenkins § SainsSury, 1970). .This
involves an asymmetry in the rates at which the discriminations are.
learne@. When the uﬁiqﬁe feature is located on the S+ display,
acquisition‘readily results; when the unique feature appears en the S-
display, however, the discriminations are either never learﬁed'or are
learned at an extremely slow rate. Pilot research revealed that the dot
discg&minations employed in tgis experiment were learned for both the
feature positive (i.e., three dots S+, two dots S~) and feature negative
(i.e., two dots S+ and three dots S-) conditions. It was of interest,

ﬁﬂgéefore, to examine whether differential forgetting might result for

¥
e two problem types. Thus, half of the subjects received a feature

sitive discrimination and the other half received a feature negative
discrimination. .
N ~ . . -
another variable manipulated in the present experinent was tﬁe
- ) length of the retention interval. This was to provide an empirical
gnderstanding of the time course of forgetting obtained with this
procedure. Retention in;ervéls of 1, 10 and 20 days were employed.

The influence of PI was also examined in this experiment. Half of
the birds were tested at each of the three retention inverjals after
single problem discrimination training; the remaining subjects were
tested for a reverse discrimination learned immediately after acquisi-
tion of the original prqﬁlem. This' allowed for the effeét of PI to be

v

assessed at three different retention intervals. Evidence with rats has
~ i

o

2

3
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shown that prior reverse discrimination training enhances forgetting,.

“"ﬁg‘r’

and that the amount of PI increases with the length of the retention
JLnﬂééval (Gleifman & Jung, 1963; Maier & Gleitman, 1967; Chiszh; &
Spear, ¥968). |

In order to further evaluate the robustness of any obtained
forgetting -with'lthii procedure, animals in the one-day retenti?n
interval conditions were retested 20 days following the first. retention
test.” This test was conducted purely as an empirical question and it
was uncertagg_bhat the.fesulﬁs might ‘show.

7

Method

Design

The present experiment consisted of a 2 x 2 x 3 factorial design,

s

with the factors consisting of two levels of Problem Type {Feature
~
Positive vs. Feature Negative), two levels of Interference (Reversal and

Nonreversal), and three levels of Retention Interval (1, 10 and 20
~ )

days). The acquisition and relearning experience for each of the twelve

experimental conditions is illustrated in T§ble 1.

Subjects

- 8ixty, experimentally naivg, adult Silver Kin%*pigeons served as

Id

subjects. All animals were idefitically housed in standard wire pigeon
cages. They were food deprivedfito 80% of their ad libitum wéights, and
given unlimited access to watigp\\Thﬁ subjecfs were weighed and fed
daily following each working session. The animals were randomly assign-

ed to each of the 12 expefimental conditions, yielding five subjects per

condition.
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Apparatus

-

The first two phases of p}etraining were carried out in a standard
commercially ;vailable operant chamber for pigeons. This measured 31 cm
x 35.5 em (floor dimensioné) x 35.5 cm (wall height). Each of the outer
walls was of a sound “attenuating material. The jynside front wall
contained three pecking keys mounted horizontally 24 cm above the floor,
and spaced 8 cm apart centre to centre. Each key was 3 cm in diameter.
A6 cmz-food well was locatéd 8 cm below the pecking keys and centered
on tﬁ; front wall. An electromechanical féod hopper was mounted behind
the food well, and standard stimulus projectors w;re located beh;nd each
pecking key. One side wall of the chamber consisted of a 16 cm x 24 cm

SN e }
oneway viewing glass, which allowed observation into the %&r. A

.

houselight was mounted on the top of the front wall. '

A second locally constructed chambef was employed for phase three
of pretiaining and all experimental phases thereafter. This chamber
measured 30 cm x 30 cm (floor dimensions) x 35 cm (wall height). The

entire chamber was fitted into an enclosed sound attenuating cubicle,

with one side wall of the cubicle consisting of “hinged doors which
allowed access to the inner chamber. Also, there was an opening in the
end wall of the cubicle to allow for stimulus projection onto the back

.
wal%\of the inner chamber. A single translucent pecking key was mounted
8 cmAgfom thé floor and centered on the front wall of the inner chamber.
A food well measuring 6 cm2 was located 8 cm below the pecking key, and
an eiectromechanical.food hopper was‘mountedlbehind the food well. A
Kodak carousel slide projector was placed outside the apparatus 44 cm

away from the pecking key. A Ralph Gerbrands Co. model G shut®er was

placed directly in front of the projector lens.
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Stimulus materials consisted of locally constructed slides. A 2 cm
x 2.5 ocm piece of black paper tape was covered with green celluloid and
placed in standard 5 cmz-slide mounts, FEach tape contained either two
or three .2 cm-holes placed horizontally. The two outer holes were
spaced .5 cm aparp centre to centre. For those tapes containing three
‘holes, the third hole was centered between the outer two holes. The
projector wa¥ aligned and focused so that the slides, when backprojected
onto the pecking key, appeared as either two or th;ee éreen dots bisect-
ing the pecking key horizontally. Each projected dot appeared as¥®a .7
, cm-cixrcle. For those slides containing two stimulus holes, a third .6
cm-hole was punched .9 cm, centre to centre, away from one of the other
two holes. This allowed for illumination of a photocell mounted on the
back of the front wall, and which- served to control event programming
according to which stimulus was being projected. Both chambers were
controlled by event programming equipment located(in a separate room.
Procedure ‘
All subjects were individually hand shaped to keypeck in the pre-

training chamber. This chamber was employed due to the availébility of

+
L8

‘the viewing window, which was not available in the other chamber.
Subjects were trained to feed from the food well when the hopper was

activated, and then shaped to peck at a green centre key. Each peck at

the key was then reinforcgd with two seconds access to grain, and
keypeck training was complete when 50 pecks occurred. The houselight

remained on throughtout this phase of training. Each subject received a

second post-shaping session in the pretfaining chamber. This consisted

of 36 ﬂis’crete triais.'k}ch trial was initiated with the illumination
7 ' ~
of the green centre key. A peck at this key resulted in two secongs
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access to grain, terminated the centre key stimulus, and initiated a
. &

L8

seven second intertrial interval. The centre key remained on until a
keypeck resulteé. The houselight remained off throughout this and the
remaining sessions of the experiment. The next session involved 36
discrete trials in the experimental chamber. During each trial a slide
made of green celluloid was backprojecpgd onto the pecking key; Each
stimulus ‘presentation remained on until a keypeck resulted, aw which
time a seven sgcond intertrial interval was initiated, and the subject
was progjded two seconds access to grain. Experimental testing began on
the following session.

Each subject was randomly assigned to one of the 12 experimental

conditions. All subjects first received trainingi on a go/no-go

successive discrimination, which was either Feature Positive or Feature

Negative. Bach daily session consisted of 72 trials, half of which were

S+ trials and half S- trials. Each trial began with the presentation of

either an S+ or S- display, .which remained on fof a maximum of five
seconds or until a keypeck occurred. All keypecks to S+ displays
resulted in two seconds access to grain, and all keypecks, regardless of
display, resulted in the initiation of a seven second“ inter£¥ial
interval. For trials in which no responding occurred during the five

second stimulus presentation, the intertrial interval began with the

-

termination of the stimulus display. Trials within a session were

arranded in six trial blocks ef 12 trials each. An equal number of S+

.

and S- trials occurred within a block, and these trials were arranged in

e

a random order within each block, with the restriction that no more than

~

three successive trials could occur of the same type. While the stimu-

lus arrangement within each trial block remained constant throughout the

f

“"’f:-—- .

4

Q-

‘e
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experiment, the order in which the trial b_lbcks occurred was randomized

[
-

across sessions, with the restriction that each session began with a

e

trial block which consisted of an S+ d;i.splay' as the‘first‘ s;:imulus
presentation. Discrimination training‘ccntinued to a criterion ;>f three
suécessiVe trial blocks in which all S+ displays had been resgonded to,
and_in which no more than one response was emitted on S- trials during
each of th‘e three triallblocks. Thus, the minimal ratio of S+ to 8-

responses at criterion was set at’” 18/3, .which\ yields a discrimination

- \ : -
ratio of .86. For subjects in Nonreversal conditions, acquisition

terminated once criterion had been reached, and the appropriate reten-

tion interval commenced at this time.

‘ [y

For those subjects in Reversal conditions, the next session con-
sisted of reverse discrimination tréining. This was in all respects
» .

identical to original discrimination trainipg, except thatlthe contin-.
gencies of ;:einforcement associppted with th:-;- stimulus displays was
revérsed.” In ) addition, a regnforcement enrichment prao‘ce‘duré_ was
introduced in ‘order to avoid total extinf:tion, which may have resulted{
during the early trials of reverse discrimination training (Burr &
Thomas, 1972). This_ entailed extending the duration' of the sixth s+
display in,_'each.trial block: to 30 ‘secqn’ds, and, presenting five evenly

e

spaced, twé-second presentations of grain reinforcement. This occurred

only if the animal’ had failed to resp?ndeto any of the previous stimulus, -

displays during that  trial block. Reverse discrimination training
. ' [l P I

.~continued to the same criterion level employed for original acquisition.
) L . ) =

The retention  interval commenced for, subjects in Reversal conditions

-

once criterion was achieved. During the retention interval the birds :

‘remained in their "homg cages, and were ’weighed and fed daily. Their

weights during this time were ma.:l.ntained‘_:gt 80% of their ad libitum

. »

- . % >

¢
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Retention testing began at 1, 10 or 20 days following acquisition,

depending on the condition to which the subject had been assigned. The

4

subjects were reintroduced into the experimental 1chamber and exposed to

.
e °

the events associated wiﬁl_x' the acquisition of the most recently learned

g

discrimination. The sequence of events was _identical in eévery respect,

including the reinforcement contingencies, to the sequence of events

which defined the most recent acquisition experience for each subject.

- N v -

Relearning was cont:mued unt:.l the original criterion was reestablished.

~
©

'fi‘he experment then terminated for sub]ects m t*ne 10— and 20-day
l. -

Retention Interval conditions.l For those " subjects in the one-day

v . -

conditions, a second 20-day retention interval commenced after re-

<

est'ablféhing criterion. A second retention test .then followed, which

. s \ - N . k- S

was identical to the first retention test. Upon, ¢ompletion of the
{ % . »

- o i » - * . K3 »
second retention test the experiment terminated for theéese subjects.

M - Results ) ' N

i . - [}

-

- o
~
'

\
: |
Acquisition ‘ o P , ; - "

‘“rhe change in behavior which defined 1eaz:;1i.ng in thig experiment

- - - v
3

;was an evle'ﬁtt}al decrease or cessation in pecking directed at the S-

t : S -

- . ' 5 . . v, |

‘display. In@gny to evaluate any differences betweén the elxperime,htal

conditions i texrms of the rate "bf“acquisitio;x for the discrimination
~ .
most recently lea'rned, an analys:i.s of var:.ance was performed on the mean

N . e,

! s—- responses to criterion. The factors ,{anluded Problet. Type (Feature

Positive or Feature Negative), Interference (Reversal or Nénreveréélj '

o
- [

Ret':ent:l:on""lnte:val (1, 10 or 20 days), and Subjects (five J"ggr coridi~

> »

o

N e ~

»




tion). 'f‘his~analysis revealed a sigriificani: main effect for Interfe-

* ——

rence, F(1,8) = 35.62, p { .00, It “was 'fvound that subjects given

-

reverse discrimination ‘training madg significantly more errors to
criterion on their most recently 1earner£ problem than subjects not given
= prior discrjmination traini.ng. Mean errors to criterion were 226.0 and

' 89’..’1 for #he Reversal and Nonreversal conditions respectively. No other
& l/’ - . T -
main effects or interactions were significant at the .05 Jevel. ¢
i

In order to assess the occurrence of any feature positive effect,

indépendent analyses were conducted for the original and reversal )
problems. The mean S_-t-,‘ responses to criterion for the original Fgature

-

Negative and Feature Bositive conditions were 79.0 and 96.5 respective-

L [ o

ly, and did not differ sigﬁificantly, t(58) = 1.22, P 7.05. Similarly,
C = . S ' -

s

no significant difference was found for the reversal Fegture Positive

(257.3) and Feature Negative (202.3) conditions, t(28) = 1.16, p).05.

-
3

Retention.

EN
Meaningful differences in the amount of forgetting between the var-

ious conditions could only be understood if the groups were equated at:
- P N Y : A
the end of acquisition. A stringent_acquisition criterion.was intended

. to achieve this objec.t\ive. In additioh, "an analysis of variance was

v "

performed .on the mean number of S- responses during the criterion trial-

blocks. This-analysis’ included the factors .of Problem Type, Interfer-

°

. . - )
ence,” Retention Interval, and Subdects. No significant di’fferences at

-
v

_ “the .05 level appeared. -Thus, it can be;a'ssumed that the groups were -
performing equally at the end of acquisition.

Throughout relearning, all subjects responded to the S+ digplay on
C i g 9 . .

\ - .
all occasions. Therefore, the performance measure of interest was the
. . " ‘ ~

© ’
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number of responses during S~ trials. Table 2 present's the mean number

.

of S- responses during relearning and standard deviations f’or\ each of

the 12 experimental conditions. It should be realized that v}itb no

Ay

forgetting, the maximum number of S- responses during relearnjng would .
~ - .

be three, since the relearning criterion was the same as acquisition.

As can be seen in Table 2, all groups showed evidence of forgetting,

<«

e . ' exéept the two Non-reversal groups tested at one day.

-

In order to assess the relative degree of forgetting for the

~

» various conditions, an analysis of variance was performed on the mean

¢

' number of S~ responses to criterion during relearning. This analysis
° i .o . o ) .
included the factord of Problem-Type, Inte;:ferehce, Retention Interval,
. ) ., N

¢ and Subjects. Significant main effects were obtained for Interference,
3 4

. . | F(1,8) = 11.28, p { .0l and Retention Interval, F(2,8) = 6.83, p)

4 ¢ P A Y

.05. No other main effects or interactions were significant at the .05
d ' . » .

w

F level. The two. signifi{gant nain effects are graphically repre’éented in

Figure 1. The mean number of S- responses to criterion during relearn-

e

ing are plotted as a function of Interference and Retention Iﬁtervail,

and ake collapsed over‘:Problerln Type, since this variable was not found
5 - . - . oo
. to have a significant influence’ on . forgetting, * It can be seen that
. N . !

< Wk .. ’
forgetting increased directly with the retentiqg interval for both
- v ‘ ‘ W

]

Reversal and Nonreversal coénditions. Also, there was more forgetting at

each interval fpr ,the‘ Reversal conditions. Although a significant

interaction between Interference and Retention ,(Interval was ‘not ob-’

o f

tained, F(2,59) =.1.81, p_).l, there was a.tendency for forgetting 'duE‘.

e
'
[
%h

! to interference to increase ds the retention interval increased.,

The mean number of S- responses required tg _géestablish criterion,

o » * -

a4, - for thwane-day conditions, at both their first and second relearning

. -
\ - r °
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Table 2

Mean S~ Responses to

Criterion for Relearning

———r ©

Retention
Interval

Reversal

-

Nonreversal

F.N.

F.P.

F.N.

F.P.

TR

‘7.6

10.2 *

1.6
2.5

1.0
1.3

1 DAY

9.8

10.6

sD

10 DAYS

B e I S
- .

31i.

40.8

9.8 17.0

13.9

X

20 DAYS

22,7

18.9

1l.0
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The data are collapsed over~Problem Type.

|

_Figure 1. Mean S- responses to criterion during relearning.

f
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tests, were subjected to a mi'xed analysis of ,vari:;mce. The within
subjects factor was Test (Relearning at either 1 or 20 days). The{j:lpree
between subjects factors consisted -of Problem Type, Interference and
Subjects. Significant main effects were obtained for Test':, F(1,40) =
39.3, p£ .01 and Interference, F(1,4) = 14.5, p{.05. Also, a’ signifi-
cant interaction was obtained between Test and Interference, F(l,4) =

8,1, 2(.05. No other main effects or interactions were significant.

o

Figqure 2 presents the mean number of S~ responses to criterion during
both relearning test for Reversal and Nonreversal conditions collaps’ed
over Problem Type. It can be seen that more S- responses occurred at
the second relearning test than the first. Also, more S- responses were
made By Reversal subjects than Nonreversal subjects at.: both the first
and second Tests. ‘In addition, the significant interadtion betieen
Interference and Test indicates that the effect of Reversal training on

<

forgetting was greater at the second relearning test.

{

Discussion .,

~

The only question of interest during acquisition was whether or not

I3

a Feature Positive Effect might obt’ain' (Jenkins & Sainsbury, 1970).
This was conside:;:ed possible, since the stimulugk displays eméloyed in
this experiment were of the type often found to ‘yield the' effect
(Jenkins, 1973; Hearst, 1978).

» L

showed no difference in the rates at which the Feature .Positive and

Feature Negative discriminaéions were learned. It is possible that

~

ﬁ““" ] * _—
while the current problem could be rggarded as. a feature discrimination

(Hearst, 1978), variou@,, factors may have eliminated any Feature Positive

The present acquisition data, however, .

.
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» Figure 2. Mean S- responses to criterion during
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groups tested at one day and retested at twenty days.
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effect. These may have inclngsg the salience and compactness of the dot
displays. With highly compact or highly salient features, the feature
positive effect has often not been obtained (Sainsbury, 1971; Hearst,
1978). Either or both of these factors may have been responsible for
the absence of the effect in the current situation. :

The retention test data revealed substantial forgetting of the
visual discrim%nation. This is the first reported instance of forget-

ting for a discrimination in pigeons. In addition, forgetting was found

to increase directly over intervals of 1, 10 and 20 days. Also, the

rate of forgetting under Sstﬂ Reversal and Nonreversal conditions
appeared to be negatiyely accelerated. The only group which Qés not
found to yield forgetting was the one-day Nonreversal condit;on. This
contrasts with stuéies of géneralization, in which forgetting appears to

reach asymptote after one day (Thomas & Lopez, 1962). This may suggest

an important distinction between the forgetting of stimulus control as

s

AT Ly

assessed by generalization testing versus . choice measures of

-

discriminative control.

A further indication of the influence of retention interval can be

(U ?
observed in the results from retesting for the one-day groups after a

‘second 20—da§ interval. Theée subjects clearly shéﬁed a marked decre—\\

ment on the second retention test from their previous performance at the l
one-day interval; \Ehis is despite any additional learning experience

associated with the first retention test. Thus, it appears that the

~ ¥

férgetting'bver 20 days in this preparation is quite robust.

. It was_ also found that PI .significantly enhanced the amount of

forgetting. Prior experience with a reverse discrimination greatly

increased the amount of forgetting for the most recent discrimination,

'
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relative to a control group not given prior experience. This finding is
consistent with results from other studies which have employed reversal
training as a source of PI (Gleitman & Jung, 1963; Maier & Gleitman,
1967; Chiszar & Spear, 1968; Burr & Thomaé, 1972).

Of perhaps greater import;ance is the contrast between the current

findings and those reported by Kehoe (1963). In the -Kehoe study,

pigeons were first trained on a five choice colour discrimination, and.

" then given reversal training in which a different colour became the S+.
No forgetting of the most recent problem was ‘discovered after an

interval as great as 30 days. There are a number of procedural differ-

h)

ences between the two studies which could account for the divergent
results. The¥e include the use of a successive discrimination and
highly similar stimuli in the present experiment, as contrastedvth a
simultaneous problem involving ﬁ;ore discriminable stimuli (red and green

keys as S+ stimuli) in the Kehoe study. Since interference has been

shown to be related to the degree of similarity between the competing
.eéxperiences (Spear, 1978)7 it could be argued that interference was
potentially greater in the present experiment. This could have greatly

influenced the forgetting, §resently obtained. In the Kehoe experiment

Iy

the highly dissimilar stimuli may have yielded little interférence even

v
-

with reversal traininq_.l
Although PI was found to increase over the retention interval, the

F

increase was not significant. Most” studies of both human and animal PI

have found interference to significané’l’y increase over longer retention
- t R " - - ' A
intervals (Spear, 1978). 1In this respect, the current data are somewhat

deviant, although differences were in the expected direction‘, and the

°

- . . 4
résults from,the retestihg for the-one day groups did show a significant

\‘3\

5

x-v
e




increase in PI over a 20-day interval.

v While interference and retention interval length did influence

forgetting, the Problem Jype variable did not. No differences in the

. -
amount of forgetting were found between the Feature Positive (three dots

S+) and the Fe;ture Negative (two dots S+) problems. This is consistent
with the absence of an& problem type differences found for acquisition.
Forgetting of discriminations in pigeons has.not previously been
ieported (Kehoe, 19637 Thomas & Burr, 1969; Burr & Thomas, 1972). The
author was also unable to produce forgettinig for visual discr;m;nations
in a number of pilot projects, which inclﬁded conditions which puta-
tively enhanced interferenc?J The obvious question, therefore, is why
forgetting occurred in the present situation. Not only was forgetting
obtained, but it appeared to be quite robust; the effect was measureable

with a relearning experience in which the original reinforcement contin-

¢

, 3 —_
gencies were operative throughout testing. This suggests that the for-

7Y .
getting could be considered as a loss in performance and not merely a

lapse (the former appears after the original‘ébntingencies have been

reinstated, while the latter results only prior to their reinstatement;

Spear, 1971). A number of factors, all consistent ﬁTth’extant data 6n
forgetting in animals, would sgem"to have contributed to the occurrence
of fo;gett;ng in this experiment. One important fag;gr is the use of a
successive \discrimination; Gleitman (1971) has argued that go/no-go

meéigifs.gssoc}ated'with successive problems may be more sensitive to

forgetting than pure choice measures associated with simultaneous dis-

crimina;ibns; such as employed by Kehoe (1963). Also, the discrimina— .

tive stimuli used in the present experiment were highly similar. The

two displays shared many features, such as the wavelength of the dots

L2 = -~
. B

+

J

%
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and the two dots common to bgth displays. This featural ‘overlap between
the displays may have made discriminability difficult. This could have

increased the likelihood that the S- "display could inappropriately

e

ret,ré_eve the target memory, and initiate a péck response. .Finally, it

is possible that considerable PI from pretraipi_né could have influenced

forgetting. This training Ct_on_sistiad' of reinforced pecking of a green
- : e

key. . Since the dot displays were also g,r/een, the pretraining experience
. ¥
may have interfered with retention of-the actual discrimination.

The present data also are compat\ible with a proposed ‘retrieval

model of forgetting. While Spear (1971, 1973, 1976, 1973) has outlined

a general retrieval failure appi‘oach to forgetting, an explicit model of

retrieval fdilure has not yet been formulated. One possible model will
C : - i

be outlined below and will be applied to the current data. ¢

The present model adopts the view that memories can be regarded as

a subject’s multidimensional representation of an event. These ‘

representations consist of ordered lists or collections of individual
- memory attributes (Bowexr, 1967; Underwood, 1969; f{orman (;‘(' Rumelhért,
1970; Sp;.aar, 1973). -The attributes correspond to 1':'he: subjecs 'As er;coded
versio:x; of features present in the -event represented.

¢ _\ ' o
include any features noticed by the organism during the learning ‘o

These. will

.

episode. For example, features associated with disctiminative stimuli,’

. " ‘ }. -ﬁj
exogenous and endogenous contextual cues, the target response, and
. * .

- M i
“¥ees

o
reihforcement conting'éncies will all be represeﬁted by iqdivigiual memox‘y

attributes. Retrievé]a invoives the arousal of .individual attributes.’

Specific attributes will be aroused or activated when the correspondind -

Q

features for these attributes (or _features similar to—the -original) are ) %

a noticed by the organism. When a sufficient number or "type;of attributes

o <
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strieved.” This @evel is termed the Activation Threshold (AT) of the
. - . . 4 .t S " 7 .
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are so aroused, the meﬁlofy its€lf will'be activated or retrieved (Spear,

1973o 1976, 1978). The retrieval of the tardét memory will then-initi-
75 ) o

ate the target response, which lsﬁltself represented by an attr:.bute in |

I3 7 ¢ -

the target memory. '
- & .
[ . ’- )
:The current model postulates two specific components to this re-

-
“

trieval process. The first involves the notion .that all attributes of a

»

given memory are not equally influential in gui‘ding retrieval of that
. M - Voo
5 ! ° ) .
memory: © Some attributes, are more‘import)an‘t than oguers-: 'Tt;e concept..of

« '

Acti'vation'ﬁPote'ntial Will ‘be introduced as a hypothetical mechanism .

memory. The sum of the APs ‘for agtive attributes within .a memory

responsible for this differential influence over retrieval. It is
‘. o, ° .. e '

argued that when' attributes are activated, through recognition of

corresponding features, they provide s%me hypot‘het}cal“v'alue' of activa-
tiono. This. value is térmed tiaeu' Activation Eotent.{al‘ (aP). " The A;?s .
for kattribute;a within a memory ‘may vary, and ‘those attributee with.
higher AP's are ;onsidered to have a greater influence over retrieval. : "
The second concept to be mtrdduced ‘refere to- tt’ze J.dea tha%t each -
memory requires jsome ‘minimal 1éve1 of actiyation in order. to‘ be, rev-“

-

cc}rresponds to the state of activation for that meinory. When th:.s value : :
. .

reaches the AT the° mehory* will be retrieved, and the target response

-

wiJ,l be generated. : Thus, not all” attributes cdntained ig the memory ,

_need be activated in order for the memory to be retrievedl the only

~ B -
requ:.reme:gt' i8° that a combination of. attributes be activated which have
S . . \.7’ . s
APs which exceed the AT for Qhat memory. o : e : (
- . -

The model ,assumes . that ea,oh attrﬁpxte }me some base~ value AP.

These values are det%rmined, in part, by‘ ) erent' design cﬁa,racteristies L
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of the organism (this is similar to the concept of, innate analyzer

- 3 - * ~
, strength proposed by some theories of selective attention; Sutherland &

b!lackin.tosh ¢ 1971), Tﬁrough e:_ctensive1 eicperience with a given feature,

‘A . N . . . . o . -

n = . /‘ * - s - - * . >
the AP for the correspondlng attribute can be increased. Features which

o

, e
are consa.stently :.nformatlvq;fbr the.. organzsm may have 'the:.r correspond—
ing. attr:Lbutes AP :Lngreased For example,_ in_%inu.nauon problem

an oryaru.sm .'!.S confronted w.u:h & varlety of features; some of these
-

= L Y ] \I &
featg%es 'will be more relevant. than pthers for “the acguisition of. the
: -V-Qe' ? vc.. b v.-A. . PR ¢
‘discriminatipon problem. , Features contained on the iscriminative

.
] L

stimﬁli, _and which differentiate, these stimuli, would be Toreé relevant

» N v

N H * ) -1 - ,ﬁ -
arfd@ more informative. Thus, the APs for attributes 'representin% these

.- : s . e ’ . &, K

features may'be elevated above Rdse values. These increases in AP will
. [ 3

’a:llow the more relevant attrlbutes tad exert more ;eﬁ'trol over retr:.e\ial

, RS S “a ’ e .
f:han attributes which represent less infomative features, such as

! ¥ 3o "-r"\“‘ . - - s .

b
“““features shared by the’ discr:.minat:.ve stimuli orxr contextual cues.

SR AL B S - : O
A sinular change .'.LS assnmed possmle for A‘I‘s. . The base values. for

~ . +

c - -~ .

A"fs are assuined to bé detemined ﬁy La” hypothet.tcal central process&ng

1_,. %

B
mechanxsm; th:.s mechanism Would set A‘-’QS in ac‘:cord w:n.th the overall state

,1:
. % R ,,‘e .. ("

of the organism-, r:a.:s vell as the demandSv o; the s:.tuat:.on. The"

o .~
rl ,_ LAY ?

establishment of RTs will be more explicit],y descr:lbed later, but for

e

~ ;
.’ * e

now it shpuld be ?ssumed that theBe values w.i.ll be such th t not al.‘L

attr:[bntes contained in t}xe target memory nee& be aroused in order for
< N - . :.. ) . A o

the memo“ry ﬁo he rétrieved. A]:so 3 ‘under al:propriate conditions, A'zs can

‘. Y . Y " ‘Lﬁ—- w\\' oa'

reased aiove base vah{::. P (fne ,mxch cond%‘t;ion will be when the .

p,
.‘so:a.‘:. ‘ R z S R -

2

\j;,rj:e al. ~of the ta‘kget memrx ,no 1onge3: results :l.n gonsequences

expected by Q:'he grgjaﬁfsm."* '?ot ,g;gample, a pigeon

‘%hich represents the eyent of food rewa;:ded geck i ‘g of "an

o, R - Nl
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when retrieved generates a specific‘tergetAresponse. 'Fo: example, in

¢

the successive go/no-go discrimination employed in Experiment 1, the

-
v

‘target response entailed keypecking. The problem the pigeons faced was,

% 5

'~Po keypeck only during appropriate sﬁimuLus conditiens, when the S+

: not ali the tazg t memory attrlbutes would need.to be’activated f ,order

{'\ o e 4 LT )

display“appeered and notiduring'the S~ display. During acquisition of
this discrimination, a target memofy was formed which represented the

event of food rewarded keypecking of the S+ dispfay. The attributes of
. . . . \ .

this memory would have included representations of features, containedlin

the event. These would have included features on the §+ dlsplay, con-

. - -V .
» -

textual cues, the target response of keypecking and the p:esentation\of

-

the reward.

s

-

The left top panel of Figure 3 illustrates the‘inigiel processing
N o

required for the formation of the'éggget memof&. Features available

during S+ presentations wculd have. been encoded as'indiviaual memory
S »

attributes. The target reponse and consequencedeof thls response would

~

also ha?é been represented by attributes. Thede attrlbutes would then
. p'

have formed d:collective hnit, termed the taxgét ﬂembr?z_ This process

> Y

]

is illustrated i 'the rlght top panel of the flgure. Thé_nhmbers next'

yo. N ° . k’
to each attrihupe cpr;esponds to the hypothetical AP for that attribute.

‘v

It can beﬂnoted_ at.at this stage of'acquisition; the AT’fp} the target

memgiy was set-dt 12 units. Thus, it can be seen from the figure~€hat

,s\’pw "

- Ay

15 unlts the memory- would be retrleved

The lower panel of Figure 3u illustrates the actual course of

‘

disbrimination. The figure presents fﬁz(fz?othetical APs in the ta&get

membry that result during s+ and S*»presentations. Since the S+ and S—

N : ; . [

for "the memory ‘o be xetrieved; as longlaslthe pummulative AP s exceeded i‘ .
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* , displays shared many features, presentation of the S- would have' re-

2
] IS , @

sulted in the activation of. a number of attributes contained in the

LN ¢ . T tr?# “~ .
. 3
| : target memory. During the early stages of acquisition then, presenta-,

. » L4

_— pnenrly e o e A PRSI

tions of both S+ and S- displays would have activated sufficient attri-

AR
Aunr

.

Y

butes to retrieve the target memory. As can be seen in the figure, even

-

-
' - » b

though the total APs would have been greater .during an S+ ptésentation .

5

. than' during an S- presentation (i.e., 22 versus 19), the S~ would have

N > . " ‘oz

. provided sufficient features to achieve a cumulative state of activation
. - A7

. : aboveothe AT, Thus, at this point target résponses woufd‘have rreqnen- c

~

‘43)

)
[

o b
AR

tly accurred during S- presentations.

‘

«

. N The current model assumes that discriminations involve the

Ty

7
v
TR ” TR AN TN

AN
IR

) ' develoggent of selective retrieval of the target’memory, in which oﬁly

\\\

S+ presentations are effective in retr;evrng the target memory and

\
~ -~ .

DI 5 T

‘ ) generating the targét response. The nmdel postulates that selective\

. retrieval results from elevations in the AT for the target mempry, and
’ e - ~ e o D e ata

concomitant 1ndreases in the APs for attributes representing features

-

v

4
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, unique to the S+ display. In the hypothetical example iIlustrated, thms
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5y S EIANEE A
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A

wauld be attribute c. It can be seen that at criterion, when selective

N

> P AAN 7, T,
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A

A
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retrieval proficiency was highest, the AP for attribute C;would have

~ -

%1 & 4 been increased above,its base value. Also, the AT would.have increased
% o '3 . ’ ;

h‘hv .

o . from 12 to 22. Thus, S~ presentations at qbis stage of training could
s S YT . - PN

f* h no longer act;vate snffic;ent,attributes to urpass the AT of the target'
&

X
~
‘

0y

4 memory. Therefore, the target reponse of pe king no longexr would have,

-

“N
S
.

A 3

T
PR Cia R
¢ -

. (-
-

v,

occurred during an S- presentation, and discr
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the target memory is not retrievéd; this is tyéically the case during a

retention interval. Decreases in these values are' assumed to be

> -

responsible for decrements in performance which define forgetting.
"ty [
j .
Again referring to FJ.gure 3, it can be seen that dur:Lngr early relearning

-y
5 » \

; - )
trials, after a retentign interval, the AT for the target memory would @~
. \ . . .

\‘\‘have been sufficiently reduced to allow S- presentation§ o once again

Y

retrieve the mehfory. Thus, S- presentafiops would have again. resulted

< . . N

in the target response f pecking. With continued relearning experi-

L o 3
T 'N\ » el - 2 * ‘t 3 ' 3 ¢
i ence, however, it is assumed that the ATs would have again increased in é}
.av a . [ Q
. h order to reestabllsh sel ctx.ve retr:.eval. Once this occurred, success- .

ful d:.scr:.m:.natlon would then have been in evidence. N

The model alsc assulies that selective retrieval failure will
.. " underly forgetting found for reversal discrimination frainir_xg., and that
. R . to . ~ tggc . ] ' > ,
more forgetting will result for a reversal" problem"than .for _a single

A

N
~ ™

- di,scrimination. .. The p mary source of . the é_enhanced forgettz.ng is o,

Iy I'4

L _ considered to be the

,aJ.lab:LlJ.ty of two target memorles th.ch- both

] yield the .same .&Qrget e sponse. The model fas‘sumes that acquisitiéri‘ bf. a

¢ ™ v~ “y __,' e,

reverse discr:.mination equ:.res the development of a new target memoq, .

-

whlch\‘represents reJ.nf _rced respcndinq to ‘the new s+ of .th reversal. )
- A - \'1, !& :

' cOntain attribui:es 'repr “senta.ng features. ¢

N L 4 .o
<'.~=.u B ey it St IEATRS 08 IS b . .

cues, the target respo' ’e and consequences oi the talrgej_; ,}:egpogs‘ -

\ . «
A \ \..
= that which was assume.
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upper panels of Figure
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Thé\figure presents hypothetical states of activation
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during early reversal acqu1e1tlon, both’' the S+ and S- presentations
would have effectively retrieved the reversal target memory, due to
featural overlap between the 'two displays. At ‘reversal criterion,
however, seiect:‘:ve re{:rieval \vould hawe been established, and the §-
would no longer have \@een@le to re:(:ri'eve the reversal 'target memory. —
This would have resulted froén increases in the target memory AT and APs
for -attributes unique to tI}is memory ;(attribute d' in the figure).
Increases in the }\T ror the _reversal target memory wduld have dissipated
over a retention interval. Therefore, during the' early trials of
relearnJ".ng, ‘selective retrieval would;:%efve again l‘aeen reduced, and.the
‘target response would have frequentlv resulted dur?lng S- presentatigns.

1 r .
This is the same- course of events as outlined for acquisition and

forgetting of the original discrimination. For a reversal discrimina-

.

tion, however, additional processing is assumed, and an additional
1] .,
- . ” +

source of forgetting is postulated.
. During the early trials wof reversal acqu:.sita.on, the S- display

(which was formerly the S+ J.n the original problem) would have effec- -

‘tively retrieved the original target‘memory, which wguld ‘have initiated .
‘the same target reeponse as the reversal target memory. This is illus-

strated in the °lower. left panel of F:Lgure 4, iﬁ“order to' prévent thes’e ‘

inappropriate responses dur:mg reversal training, it is. assumed that the'

/A‘I‘ for the original target memory would -have been increased to a value .

;ibeyond which attnbutes -.aroused during reversal s- presentations would
’ 3
LéLve been sufficient to retrieve that memory . This is il,lustratecl in

AT

‘the , Tower _Center.,,,gahr‘lél of the figure. Qvez? - reténtion interva_l,
- however, t}iis' M‘ vould have declined. Tws during the early, relearning o
trials, the S- w°u1d have been once again effective in retrieving them

. Y. e oy




. mﬂ.%x@kﬂfmmmmwwm 3 I— o =

~

8.3
»

original target memory, and the térget response would have frequentiy-

resulted. . .
¥

¢

According to this analysis, after a retention interval fol,g.owing
- ‘{‘l.,-

59

"acquisition of a reverse discrimination, there would be two target

memories available, which would both produce the same target xesponse.

H]
»

The enhanced Torgetting obgérved for reverse discriminations. is

accounted_. for in terms of the increased probab}lity of generating a

target response from the fetrieval of either of two_ target memories.

\

Not only would there be selective 'retrieval failure for the reversal

target memory, but the original target memory would again be retrievable

- . - . .
during S- presentations. Such,a situation would require more processing

g »

during rélearning to reestablish effective selective retrieval. .

- .«Q’
According to the present model, the essential process assumed to
underfie both the ac'quisition and f.orgétting of ‘discriminations is
el I3 ‘- -

selective” retrieval. Acquis‘ft':}io‘mentails memory processing which yields

h;‘.g'flly profi'cj.\ent' selective retri'e“val, of aff.targ:et y;e_mofy: The target

.

iuemory is retrieved only during sped;f.fic stimulus conditions (i.e., when
L F : v - . ' . P ;
the S+ is presented). Similarly, forgetting involves memoxy procgsgsing

Yoo e . . o ¢ ,r0Q p
which’ reduces selective retrieval proficiency: The target memory is

ifinui}xs conditions (i.e., when the S- is

g

retrieved d_{;zjihé; \;:ngpp’ﬁép‘r\%ij
b

- e

prese:nted) . Thé memory pkotessing postulgj_:ed to underlie Both the

=

development and degeneration of selective retrieva;.f Involves ‘change_s' "in

APs and \ATs. In order to provide a more rigoroug dgscript_iqri of these

. - .

. . ' "a ’
‘changes, 'an explicit-set of procéssing rules will be delineatéd.

« . .
X < . N .

e TN ™~ . - . P ¢
K Y R ’ ’ 0
R e S e ’
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‘Processing .Rules ¢ N

~ ’
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Rule 1. E"é.qh taxget n;eﬁbry is assumed to have some }5a§9_valn§ AT.

¢ U Tt he

Xy




e
- This value is set by a central processor in accord with the state
of the organism. This value can be expressed as a proportion of '
the maximum cumulative APs for the target memory. It is expressed
by the following equation: . »
g
< o ¢
\ AT, ='P(2APt) P (1)
~
where, L
» ) d ~
- AT, = the bgse value AT for a glven target
7 ) memory, R \
oo ‘ 'APt = the sum of tyé.APs for all atributes
’ , in the target memory, ,
N . ‘ * R [ ]
. . P =, a proportionality constant determined.
by a central processor. . .
. ‘Hr)- ] Y . s
! Y Rule 2. ' In order for selective 'retrieva],‘ to occur, the AT for the
“tdrget mémory must be raised to some critical value above,the base’
value. 'This value is termed the Activation Threshold Increment
& “ {ATI), -and is giv,eh by the following expression: . .
- - ’ 4 ~ ¢ ' '_ ' 1
. Do arr =(ap. - +C’ ' ' 2) -
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" s Yoo - presentation, . N ‘ )
P - . - L. o . P M Yy
B I “ e L * . L - @ -
S "-”:‘,, ;':, : ” L -, 1‘ . ,' .o, ;_t . ,% ) ‘.'. . - . \ K .
- e, 31\;:»».1»:»&%‘3&” : SRS ‘.:“.. ‘ n . ‘- - . ‘.,x [ Y. e st - .

»




the base value AT of the,target
memory,

some constant which is 1, and is
determined by a central processor.

N “ ,,\ . A
“It can be see that the magnitude of the incféase in the AT

for selective retrieval will depend upon both the composition of
0

the target memory and the similarity of the_ggatures\betwéen the S+

PR Y S
and S- displays. Since base value ATs are determined as a propor-

- N ———— p—

tion of the cumulative APs for the attributes in the target memo-

ry, the greater the number of attributes in this memory, the high%;

N 3

will be the ATI for a given s-. Also,‘as the number of shared

fea§ures'between the S+ and S- displa&s increases, the hiﬁ&ér will
. ' V. 7 " >
be the ATI for:.a given target memory.

- . . - ) o '
Rule 3. It is assumed that both APs and ATs increase as a
e . ’ ~
' 4 . i .
gegétively accelerated function of retrieval experience (i.e.,
' 4 ! }\\ » '
trials during acquisitiop)ﬂ It is assumed that these rates are in-

. -2 v

aépendent of thefbase values, and only'?efer tg.initidl increaseé(

.

The rate of increase fotr ATs is expressed by the following:
i d )
n-1) N

= AT .+ J(l/aT

~

»

“the magnithde of the Ax5 )
between successive rgtrieval
experiences (iqe.,,trials),

axfséingfbﬁ}thé previ iis retrieval
experience"(i.es.uprevious trial),
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. . - J = a rat? constant, set by a central ™ . :
R -processing mechanism, which reflects e
. . the state of“ th,e ‘organism. - st )
. , A similar expression defines the rate of mcrements for aPs., ’ *
& . T - . ) g g . s ,
! ' The only differénces would be in the rate constant «J. The model . : i
o . allows this rate parameter to d:.ffer for ATs and APs. o .-' ' s 1, 33
. ~ -t » - ~- --. /- 14
.’ One obv:.ous J.;npllcation of this rule 1s tlﬁt the hlgher the -. o v i
Aﬂ, the longer :.t w:.ll take tb achieve selective retrieval prOfJ.-r . . : _'
. = — .
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" THere a:e‘Fwo important implications afafﬁfé‘fﬁlew\\Firqp,

since forgettiné‘is assumed to result from selective retrieval

. - te . " ¢ . 'y
failure, and since decreases in ATs are assumed-to underlie this

e

. ' t
selective retrieval failure, Rule 4 implies that forgettiﬁ§*will
13 .

3
—

- -

typically proceed in a negatively accelerated fashion. * Second,

since the rate of decline for ATs is assumed to be influenced .

N
*

by the value of AT prior to thé period of decline, more forgetting
(as greater selective retrieval failure) is expected for situations
“ . . N K
in which the ATI is greatexr. This implies that as the similarity
. A 0 N

between the discriminative stimuli increases, forgetting is ex-

. < \

.pected to increase, since similarity will influence the ATI
- i - * . I’
(Rule 2) . . ~ .- ]
\ . . : "

. . , : |

. /

. | .

Rule 5. Following periods of decline, ATs are'rein#tateﬁ at,

. ! ) A !

faster rates than for original increasés. Also, these rates are
: ) s o .

influenced by the APs in the target memory, which are aroused

duriﬁé exposure to appropriate features., The rate of reinstatement

f%f ATs is given by the-following equation: -
- v

/
L A 14
L , - L]
2 = -{\-,‘ ] ’
AT = AT +R(AP)(I/AT ) (5)
~\\ R ~ N . N
- , .
\“‘ ' s - ¥ L}
where, “ o / ~
~ \\ - .
~ » . ) ~
T AT = the maynltude of AT
I n ~during successive retrieval ex%\;f{’»
S peraences of reihstatement N

>~ :
AT . = * the. valﬁé\of AT existlng oh some
pr ous*retrieval experience or
' at~the thet -of reinstatement,
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AP, = the maximum cumulativé APs for

t .
‘ the target mémgry, \\
R= a rate constang$ set by a

. central processingmechanism,
T s which is influenced by the state
of the "organism,’,

N Al Y . . .

.
N % . . .

~

~

Rule’S is designed to cover phenomena ﬁssociated with relearning
. s )

following a retention interval. There Ere several important fea-

tures of this rule. First, it is assumed that selective retrieval

~

will be reestablished, after a period of forgetxiﬁg, at a faster
rate than for original acquisition; tﬂe rate'éarameter R is as-
sumed to be.greater than P (Rule 3):(—Thus, relearning is expected
. {
to be much faster than original learning, regardless of the value
ta which the AT may have declined during a retention interval.
Second, the rates of reinstatement are also exﬁected to increase in
a negatively accelerated fashio;. Third, it\is entirely consistent
with Rule 5, ana other features of thelmodel, to assume thdf mere
‘equ§ure to relevant featﬁfes reprgsented in the target memory will
be su}ficient to initiate reinstatement of ATs. The process of
reinstatement is‘assuﬁed to depend only upon arousal of attributes
within th? target memory. Thus, even though the farget memor& may
not be retrieved and a target response may not occur; exposure to
relevant features of the learning event may be sufficient t;

reinstate ATs that may have declined during a retention interval.

This aspect of the model is particularly germane to. the phenomena
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of reingtatemeht and reactivdtion. It has been frequently shown

v 1

that exposing subjects to limited aspects of ‘an original learning
v

event during Fetention intervals céﬁ mitigate subsequert forgetting
(Spear, 1978).2 It is believed that the\pgggent model is capable of
accounting for this effect. Finally, Rule S‘hﬁplies that the
process of relnstatement will be influenced by the ;omposition of
the target memory and the precise features presenteé-durihg a
reinstatement period. Specifically, Rule 5 states that as the

L

number of features representéd in the target memory increases, the

rate at which ATs are reinstated will also increase),. assuming that

these features are present during a reacéivation period. Thus
relearning, as the reestablishment of profitient sel;ctive

Fetrigval f;llowigé a retention interval, is egpected to proceed

faster when the targé; memory contains many'attributes and these

attributes are aroused-during relearning.

It is believed that this retrieval model can be successfully
applied to the data ffom Experiment 1. It is argued that two different
sources of selective retrieval failure appeared; one source for the
forgettiné of the single discrimination, and an additional source for
the forgetting associqted with reversal learning. The first source of
forgetting involved s;iéctive retrieval failure for the original target
memory. " The displays in this experiment shared a number of featurgs{
In addition, features correspéndiné to contextual cues were also shared

. N | f el

between the two tyﬁes of;§timu1us presentations. This high degree of

featural oveflap made it likely that presentation of both the S+ and §-

displays would actiwate numb8 of attributes contained in the target
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memory . This would have reduced the probability that only the S+

»

display would selectively retrieve that  target memory. Thus, during
acqQuisition S- presentatfons would have frequently resulted in the
target response of pecking the displag. With conéinued training,
however, the 'APs for attributes ,correspc:nding to unique features on the
S+ difplay would have been increased. These features would include the
presence or absence of the third'aot.‘ In addition, ﬁ%e AT of the target
memory‘would have also increased. Once this occurred, target, memory
attributes aroused during S- presentations would no longer héve been
sufficient to retrieve that memory. These concurrent changes would have
.

increased.the probability that only the S+ display would retrieve the
target memory . Over'the retention interval, however, ATs would havg
declined. fhus, forgetting would have then appeared as the inappgo-
priate r;t;ieval of the target memory in response to the S- display.

The -greater forgetting over longer retention intervals can be
accounted for ;n terms of the temporal course of the decline in ATs.
The reversion to base values is expected to proceed graduaily {Rule ﬁ).
Thus, the perfo?mange of the groups at the various retentian intervals

represents ‘a gradual return to performance proficiency associated with

different stages of acquisition. At one day, little change in the tar-
éet memory AT may have occurred, so that selective rétrieval operated at

)

a level of proficiency achieved at criterien. For the 107 and 20-day
groups, howeQer, the éeérease in ATs would have been gr;ater,‘gnd their
pe?formance during relearning would have corresponded to the retrieval
proficiency associated with different stages of precriterion perfo;m—

ance.

The enhanced forgetting due to PI requires a more complex explana-
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tion. It is assumed that during reversal learning, the extinction con-

tingency associatéd with the former S+ display resulted in an elevation

ig\the AT for the original target memory. This would have reduced the
~

probability that the new S+ would retrieve that memory. In addition, a '
~

v
.

nev target memory, - representing reinforced responding to the ne& S+,
would have developed.. It is assumgd that\the original target memory
remained intact, but bkcame less retrievable due to an incgease in its
AT, Over the retention interval there would have been a decrease in the
ATs for both the original and reversal target memories. Thus, ;fter a
retention interval there would have beén an increase in the probability

that the new S- would again retrieve the old target memory; this should

have resulted in the target response of pecking;\which was originally

represented by this memory. In addition, the decrease in the AT for the

reversal target memory would have resulted in an increase in the

-

probability that the new S- display would also inappropriately retrieve

that memory:; this would glso result in the target response of pecking.

Therefore, following a retention interval after reversal learning there

3
[

.would havé been an increase in the -probability of either display
retrieving a target ﬁemory wh;ch would produce the target response.
Thus, the enhanced forgetting due to PI can be understood in terms of
the availability of two target memories which yield the same tarbet
response, and the loss'of selective retrieval for these memories due,to
decreases in ATs over tﬁe retention interval.

The increase in PI.found for the one-day subjects retested after an

"

additional 20-day interval can be accounted for in tefﬁs of differential

¢

rates of decline in ATs for the original and reversal target memories.

According to Rule 4, it is assumed that higher ATs will decrease fastey < !
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-than lower ATs. Also, in order to prevent the reversal S~ from

N

retrieviﬁg the original‘target meﬁory, the AT for this mempry would have

1 4
increased to a value even greater than necessary for selective reversal

N

target memory at the end of revergal acquisition. Thus, the .rate'of
. ‘ .
decline in AT for the original target memory is expected to be greater

than for the reversal target memory. This suggests that at shorter

.

retention intervals inappropriate retrieval of the original target

a

Jemory will precede selective retrieval failure, of the reversal target

memory., This would yield a ;ingle source of forgettihg at relatively

short retention intervals. After more prolonged retention inﬁerva{s,

' however, both selective retrieval failure for the reversal target memory -

and inappropriate retrieval of the original target memory would occur.

1

. This should produce two sources of selective fetrieval failure, and

therefore 'more PI would.be expected at longer retention intervals. . .

.
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. ) ’ ‘CHAPTER 3 . .
) - - Experiment 2 - X T -
The Effects of Similarity on the Forgetting‘SF
. Discriminations in Pigeons
T ’ o
Theoretical‘;éproaches to interference effects on forgetting have
generally accepted ;imilarity as thé fundamental parameter (Spear,
& 1978). 1t has 5een arg:ed that both RI and PI increase directly with

thg 'g;gnge gé similarity between the target task and conflicting
experiences:. These effects have.been empirically demonstrated in verbal
B learning research for both +transfer and reten?ion (Osgood, 1948;
Bug;isiif & Cadewallader, 1956; Underwood, Runguist & Schultz, 1959;
Jung, 1568).' Research with rats has also shown.interfere;ce effects to
increase with the degree of Eimilarity betwgen conflicting learning’ .

egisodes {Crowder, Cole & Baucher, 1968; Zentall, 1970).

In addition to between-task interference effects, similarity might

[

also be expected to influence forgetting as a within task varidble. For
example, the degree of=forgetting for a discrimination might be related

to the degree of similarity between the stimulus alternatives. While :
1]

most researchers would likely accept this assumption, the issue has
actually not received sufficient empirical examination in animal meméry

research. The purpose of the present experiment was to attempt such an

.

investigation, and to test implications of the proposed retrieval model

| for similarity effeqts on forgetting.

Separate groups of pigeons were trained on one of three two-choice,

successive, go/no-go discriminations. Each problem involved dot

-

displays as the discriminative stimuli of the type used in Experiment 1.
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One of the displayé in each problem contained two green dots. The
- ‘ ° ' [

alternative displays contained,either three green dots (Group G-3), five .

e e o B

green doté'(Group G-5), or two green. dots and one red dot (GroupR). The

» relative rate of acquisition and the degree of forgefting after 20 days

was assessed for the three prcblems. '

1 -

In addition to the empirical question concerning the relationship
between stimulus siﬁilarity and the forgetting of discriminations, this
experiment als; provided a good opportunity to test the proposed
retrieval model. This ﬁo@el is explicitly designed to deal with
similarity effects of the type examined in‘thi; experimentt.

According to the present model, any features noticed by the organ-

-

. '
ism during the learning episode will be encoded as memory attributes.

»

&
E
=

Eventually some of these attributes will organize into a set or unit

which defines the target memory. The retrieval of this memory will

N

-~

Yesult in the target response. The problem the organism faces durinq%% —

discrimination task is to selecti¥rely retrieve the target memory during

»
S+ presentations and not during S- presentations. The subject's dis-

- o
criminative performance will reflect. the\\Proficiency of selective
retrieval.. The model assumes that selective retrieval proficiency is a

direct function of the Segre® of featural overlap (i.e., simflarity)
. ” \ .

Oy I L N T S R R e s

between S+ presentations and S- presentations; the more attributes in

-

'S
i the target membry that are activated during an, S- presentation, the
1

2 MR ANY

* higher the probability will be that an S- presentation will retrieve the

2Ny e

target-memory and result in a target response. This is a consequence of

B2

o B e

the assumﬁtion that hot all attribute§ in the target, memory need be

activated 'in order for the memory to be retrieved. The 6n1y‘demand is

that enough attributes be activated which have cummulative APs above

) 't“w'%:", -
|
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the AT. for that target memory. The greater the featural similarity
1

S- will acpivate sufficient attributes to surpass the AT for the target
i = ,

memory.
/ .
The model assumes that acquisition entgils memory processing beyond
the formation of a target memory. This additional processing involves
\

[ 4
increases in APs and ATs above base values. By increasing the APs for

attributes representiﬁg features unique to the S+ display, and elevating
the AT, for the.target memory, the probability of an S- presentation
;etrieving the térget memory is rédhéed. In order for this selective
~ retrieval to occur, it is postulated that both APs and the AT for the
targét memory must be elevated to some critical value. This value will
"be determined by the number of attributes contained in the target memory

_—)

and the degree of featural overlap between S+ and S~ presentation: The

greater the number of attributes in the target memory, and the greater

the featural overlap between stimulus presentations, the higher will be

the critical APs and ATs necessary for selective retrieval (Rule 2).

. The modei also assumes that increases in AP and AT occur gradually,
and follow a negatively accelerated function of the amount of retrieval
experience (Rule 3). Thus, the higher the critical value of AT required
for selective retrieval, the more processing time needed to reach this

//”’/fﬂ——\\\_ value. This leads to an explicit prediction concérning acquisition
rates and the degree of similarity between S+ and S- presentations: As

.~ similarity between stimulus presentations increases, the length of time

o required to establish proficient selective retrieval will also increase.

£ In the present experiment, it was assumed that similarity.was gremter

-
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between an S+ and S~ presentation, the more likely it will be that the’
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e for Group .G-8 than for Groups G-5 or R, [Therefore, it was predicted 5

bz ]

P . . . . K}

E* that Group G-3 would take longer to acquire the discrimination than the !
* “-:' ¢ - . ¥

p L]

{ other two groups; the differences in similarity between the latter two %

h t b3

¥ 3

£y - - s AY . R A . ?

%’ e groups was less obvious, and therefore no explicit prediction was made g

w3 T, ! 3

g;j: concerning their relative rates of acquisition. %

£ The present model also proposes that ATs decline in a negatively %
- & - ‘ . - B4

wood : . . . s . 3

b3 accelerated manner during periods.of inactivation. According to Rule 4, 5
3 ;. - . . ' 4

g the rate of decgne faor ATs will be a function of the magnitude of the

{té, AT required for selective retrieval (Rule 2). The greater the critical

:;_ AT, the faster will be the rate of decline during a period of inactiva-

357- » . e .

;‘j tion. Since it is assumed that the critical values for ATs are greater ‘\

‘ for ‘discriminations involving more similar stimulus presentations (Rule

i - L |

g} 2), larger decrements in these values are expected for such problems

7 R

%}. during retention #ntervals. Therefore, it should take longer to

EN

¥ .

S | reestablish critical ATs, following a retention interval, for discrimi-

W

nations that have more similar stimulus displays. Conseguently, more

~

e &
.

forgetting should occur for these problems. In -the present experi-
ment, more forgetting (as indexed by S- responses during releafning) was

" predicted for Group G-~3 than for Groups G-5 and R, due to the assumed
- v )

higher degreé of similarit¥ between the stimulus displays in the former

*~ .

group. °‘Again, the similarity differences for the latter two groups were

less obvious, and no explieit prediction concerning any differential

B I A S T R AN T
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forgetting for these groups was made,
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Method

-
1
!

AL SR P )

Subjects B !

. [ 4

Eighteen, adult, naive Silver King pigeons served as subjects.

These animals were housed in individual wire pigeon cages in a common
animal holding ;oom. Théy were reduced to 80% of ‘their ad libitum
‘ weights and maintained at these valué; throughout the experiment. They
were al}éwéd free access to water. Each subject was weighed and fed
following each working session ozfoat the same time of day during
nonworking intervals.
Apparatus
The same pretraining chamber used .in Experiment 1 was employed.
"The experimental apparatus consisted of an inner chamber measuring 30 cm

© x 30 cm (floor dimensions) x 35 cm (wall height). This chamber was

placed inside of a sound attenuating cubicle. One wall of this cubicle

AN S

contained hinged doors, which allowed access to the inner chamber. 2
single transparent peﬁking key was located 8 cm from the floor, and
centered on the front wall of the inner chamber. A 6 cm? foéd well was

placed 8 cm below the pecking key, énd an electiomechanical food hopper
' «

was mounted behind this opening. miniature light bulb socket, .
) . 3 -
containing five b , was mounted directly behind the pecking key.

When illuminated, the lig

ulbs projected circular dots, .7 cm in dia: 4
meter, onto the pecking key. The bulbs were arranged in the form of a
plug sign, with three bulbs horizontally afranged and evenly spaced, and
two additional bulbs evenly spaced above and below the centre horizontal

' bulb., For all discriminations, one of the stimulus displays consisted

of two green dots. This was accomplished by covering the outer two hor-
-
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izontal bulbs with green celluloid. _The other displays co%Fained either
five green dots, three green dots or two éreen dots and one red dot.’

For the five dot display? all bulbs.were illuminated and covered with ’
"

green celluloid. During the three green dot display, the three horizon-
tally arranged bulbs were illuminated and covered with green celluloid.
For the two green/one red dot display, the three horizontal bulbs were
.illuminated, and the outer two bllbs were covered with green celluloid,
whilg the céntre bg}b'was covered with red celluloid. Eveﬂt programming
and response recor&ing was_ controiled by electromechanical relays
located_in a separate rgpm.

-

Procedure

-]

_ ' . -4
Three pretraining sessions, identical to those used in Experiment 1
were conducted. Experimental testing.began on the following day. The

subjects were randomly assigned to one of the three discrimination

problems with s¥k subjects PéK\EfOUP- Half of the subjects in each

group received a Feature Positive\discrimination, in which the S+

|

contained either three or five dots and e S—~ contained two dots. The

other half received a Feature Negative disgrimination, in which the two

dot display was S+ and the three or five ‘dot displays were designated

S~-. ‘ Daily sessions consisting of 72 trials were presented until criter-

- . e o
ion was reached. The acquisition criterion, intratrial events, and ]
f. <

trial arrangement was identical to the procedure used in Experiment\l.
Following criterion a 20-day ;Qtention interval commenced. This was
followed by a relearning test, in which the same procedure used dQurdng.

acquisition was employed. Relearning continued to the same criterion

b o
used for original acquisition. ‘

- -

5 S
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The mean S- responses to criterion for the Groups G-3, G-5, and R

[

were 524.2 (sp=£75.0), 104 (sD=39.7), and 53.8 (SD=17.8) respectively.

‘These means were found to differ significantly, F(2,15y = 15.5, p

4

.001. Individual comparisons, using the Tukey procedure, revealed that

.

Group G-3 made significantly more S- responses to criterion than either

Group G-5 or Group R; the latter two groups did not differ significan=-

tly.

Relearning -

A oneway analysis of variance for\ S- responses on the criterion

/

. 4
trial blocks of acquisition revealed that the three groups..did not

differ. Thus, these groups were cons':':dered_ to I;e performing with equal .

’

proficiency at the end of acquisition. Relearning was again assessed in
terms of S- responses to ériterion, since ail. subjects responded to S+
NY ! *

" digplays on all .{Jcc,asions. \ ‘The mean S~ responses to critez:'i_.on dur.{ng

]

B - * . .
relearning were 110.0 (SD=80.3), 4.3 (SD=2.6), and 3.0 (SD=2.5) for
.

Groups G-3, G-5, and® respectively. These means were ‘found to “dlEfer .

s

significantly, ¥(2,15) = 15.7, p ( .001. Individual coméarisons,-using
the Tukey’proc:adure, f:evealed that Group G-3 made significantly more -S~
tesponses t:c; criterion than eitl}e;.' Group G-5 or Group R; the latter two
groups did not differ. signi'ficantly. At is cléar that while Group G-3

-

showed considerable forgettmg, Groups G-5 and R-l1 showed very little
{J’ . . ﬁ;

forgetting; both groups performed at nearly the same level of profici-

ency achieved at the end of. acquis,ition. .

One potent:.al problem for interpreting the finding that Group G-3

K2 . L.,

!
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showed more forgetiing than the other two groups, concerns the differ-

eﬁces'between these groups duriﬁg original acquisition. Group G~3 made

more S-responses to criterion during acquiéﬁtion than either of the

-

othexr two groups. Therefore, the differences found between the groups
during relearning. might simply reflect a learning rate difference due to
similarity, and may'not'indicate.that greater forgetting had aetually
»

resulted for Group G-3 (Under&ood, 1954, 1964). In order to obviate

this interpretational problem, an analysis of variance was performed on
t A .

the percent savings scores for each group. These scores were calculated
- :

z

by the following: , .

!
. T .

S- responses acquisition - S- respohses relearning 100
S- responses acquisition =

These scores were 80.8, 94.1 and 95.8 for Groups G=-5, dLB and R,

£

reéspectively. ., It- was found that these scores differed significantly

befween the three groups, F(2,15) = 12.05, E< .001. Between Yroup
- L . d
comparisons, using ‘thes Tukey method, revealed that Group” G-3 had

<

sigﬁzficantly lower savings scores than either Group G-5 or Group R,

while the latter two groups did not differ significaq}ly, -
"~ .
-, ? s3

Discussion

‘

The xesults clearly_shéw that acquisitioh and faorgetting of wvisual

- L4

< .
discriminations in pigeons is ;nfluenced by the similarity between the

\

stimulus diéilays. The group considered to have the most similar dis-

plays,'Group G~3, took longer to acqﬁire the discriminatidn and showed
v ‘ 7
more forgetting over the 20~day interval than the two groups considered
. . * ;‘, . . .
' to have problems involving less similar displays, G:oupg'G-S and R. No
- T . e

significant differences were found between the latter two groups for

v
» . -

»
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either acquisition or relearning, although, there was an indication that
group G-5 did have more difficulty learning the discrimination,
The role of similarity in forgetting with animals has typically

been examined through between task-intérference effects. It has heen

[y

found that conflicting experiences interfere more with the retention of

the to-be-remembered event when these experiences are more similar
(CrgwdEr, Coie_& Boucher, 1968; Zentall, 1970; Wickens et al., 1977).

Similarity as a within task variable has not been previously investi-

gated. It is believed that' the presént data represent the first report-
,?l' . . _ .
ed i_nstande of differential fergetting due to within task similarity in

animals. As such, they extend the range of empirically demonstrated

a

., similarity effects, and suggest a preparation that can be further used

to st‘dy this issue.

J N

. The present data are also in accord with the proposed retrieval
- model. ,It\ was hypothesized that if differential acquisition and forget-
ting was to occur between the groups, faster écquisition and less for-
getting would be expected for the gromps having the J:east degree of sim=-
ilariti; between the stimu}us displays (i.e., Groups G-5 and R). The

L] -

data confirmed these predictions. .

~

. The. successful application of the proposed retrieval model to
r - ‘
Cow the data from this experiment also encourages extending this, analysis to - :

the"negative results repofted by Kehoe (1963). 1In the Kehoe experiment

pigeons were trained to respond to one of five simultaneously presented

stimuli. Some of the birds were then given reversal training in which a

‘different coloyr became the St. Theére was little forgetting found for -

Wt

‘either the original préblem or a reverse discrimination. The current

~~

model suggests that a discrimination problem essentially i‘nvolves
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2

selective retrieval; subjects must ;ome to retrieve a particular target
memory only in response to a specific stimulus array. Further, the
similarity between any stimulus presented and the stimulus represented
in the target memory will determine the effectivepess. of selective
retrieval. The greatér the similarity, the higher the probability will
be that some inappropriate stimulus display will retrieve the target
'memoryi According té the present model, this is due to the arousal of
target memory attributes during presentations of stimulus displays

-

containing features identical or similar to those .contained in S+

display. i If a sufficient number of attributes with cumulative APs
greater than the AT of the target memory are aroused, the memor§ will be
retrieved. The ﬁé%bability of this occurring is a direct function of
the featuralcsimila5i£§ between the stimulus presentations.

When featural overlap is great, the APs for attr;butes uniqhe to
the ﬁarget memory may be increased. This will allow distinguishing fea-
tures of the S+ display to coﬂtrol retrieval. Also, the AT for thé tar-
get memory will “increase. This y}ll reduce the likelihood that other
features, not unique to the target display, will guide retrieval. Theée
latter increases, however, will deéenerate over periods of inactivation,
such as during a retention interval. When this occurs, selective
.reérieval will again be reduced and the resulting decrement in perform-
ance will define forgetting.

When a discrimination problem involves displays which are highly
dissimilar (i.e., they share few fea£ures), selective retrieval may
occur more easily and without nécessitgting‘any increases ?n APs or ATs

-

above base values. Under these circumstances little change in selective

retrieval would be expected over a _retention interval. Therefore,

~
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little forgetting would be expected., Such a situation may have occurred

in the kehoe study. The stimulus values used by Kehoe may have been
sufficiently different to avoid the necessity of raising APs and ATs.
Thus, little chaﬁge in selective retrieval proi)ability would have
been expected over the 30-day retention interva?. A similar argument
could be made for Gro;zps G-5 and R in the current experiment. For Group
VG-3, however, the displays may have contained sufficient featural
overlap to require increases in the APs and the ATs for the target
memory. The forgetting evidenced by this group co.uld, therefore, be
accounted for in terms of a decline in the target memory AT during the

twenty-day retention interval,

Finally, it is interesting that GYoups G-5 and R did not show

different degrees of forget:ting, or for that matter show any forgetting
i
at all., This :ﬂould ‘indicate that a single red dot is as different from

a display containing two green dots, as five green dots are. A more

detailed investigai:ion of this issue, involving a greater number of
// °

7 .
featural arrangements, could perhaps provide a greater understanding of

intratask similarity effects for both acquisition and forgetting.




A aeAR T PAATPAACT  e w

B R e

TR g s

-

. P
A niEReR LT

CHAPTER 4

.

Experiment 3
The Influence of Contextual Cues on the "
Forgetting of Visual Discriminations in

Pigeons

There is considerable evi&ence which shows that contextual cues can
substantialiy influence 1earﬁing and retention in animals.\ Contextual
cues are typically defined as cues present during a behavioral event,
but upon which the occurrence of the target response is noncontingent.

. -
This definition would include both exogenous contextual cues associated
with the external environment, as well as endogenous contextual cues,
involving internal events within the organism during the behavioral
;pisode. It h been found that changes in contextual cues following
acquisition can deleteriously affect subsequent transfer learning and
re@ention (Perkins & Weyant, 1958; Riccio, Urda & Thomas, 1966;
Stéinman, 1967; Welker, Tomie, Davitt & Thomas, 1974). Also, there are
data which show that contexéual change .can affect stimulus control.
Contextual cues associated with specific learning episodes have been
found to influence subsequent discrimination learning (Welker, Tomie,

.

Davitt & Thomas, 1974), and to reduce forgetting of stimulus control due

«
o

to interfering experiences (Chiszar & Spear, 1969; Zentall, 1970;
Thomas, McKelvie, Ranney & Moye, 1981).
The present experimént attempted to examine the influence of

contextual cues on the forgetting of & visual discrimination in pigeons.

A
_All subjects were trained on a successive discrimination involving the

1

104

.

[
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‘égéot displays used in Experiment 1. A relearning test was then given
20 aays after acquisition. For half of the animals, relearning took
place in the presence of the same contextual cues associated with \\
original acquisition; the other ﬁ;if were tested in the presence of
different contextugﬁ cues. In addition, the specific characteristics of
the contextual cues and their potential influence on forge;ting were
assessed. Two different contextual cue environments were employed. A
deprived contextual environment involved a standard operant chamber for -
pigeons and the absence of a houselight and tone. An enriched

contextual environment consisted of a wooden compartment fitted into the

e

operagt chamber. The walls, floor and ceiling of the inner chamber
contained random black and white patterns; a houselight and tone were
always present. It was assumed that the enriched environment provided a
more salient set of contextual cues than the deprived environment, and
it was of interest to examine how these different sets of contextual
cues might influence acquisition and for-
getting. Thus, half of the animals were trained in the. enriched
environment and tested in tq? same (Group E-E) or deprived envirpnment
(Group E-D). The other half were trained in the deprivé& environment
and tested iq the same (Group D-D) or enriched environment (Group D-E),.
This experiment also provided another opportunity to test the pro- 0
posed retrieval model. The contextual cue arrangements employed in this
experiment were expected to influence both acquisition and forgetting
of the visual discriminations., With respect to acquisition, the model
suggests that as the number of attributes contained in-the target memqry

S -

increases, the higher will be the critical APs and target memory AT ne-

'

. cessary for selective retrieval (Rule 2). Therefore, with more features
v
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~
present in the learning context, more attributes will be contained in

the target memory. This should lead to higher APs and ATs in situations

4
.involving more numerous contextual cues. Since APs and ATs increment

gradually, more processing will be required in order to establish

N

proficient sSelective retrieval when the critical values are higher (Rule

3). Thus, acquisitioﬁ is expected to proceed faster when fewer salient
contextual cues are available. With respect to the current experiment,
it was predicted that subjects trained in the contextually impoverished

environment would reach acquisition criterion sooner than subjects

trained in the contextually enriched environment.

~N

The model also predicts differential forgeqping Eo; the various

test conditions. It is expected that the effects of testing in.the same 4‘

or different contextual environments experienced during acquisition will
interact with the nature of these enviromments. For groups trdined in

the contextually deprived environment, there would be few attributes

representing contextual cues in the target memory. Therefore, selective
retrieval of the target memory would be expected to be little influenced

by the contextual cues present during acquisition or relearning. Thus,

k4

no difference in th€ amount of forgetting of the disqrimination was
predicted between Group D-D and Group D-~E. For the groups trained in -
the contextually enriched environment; however, it was,expected that
many more contextual cues would be represented in ;he targeé ﬁemory&
Although the availabil%?y of these cues was expected to retard

acquisition, relative to a less salient contextual environment, it was

also assumed thag the& would enhance performance during the relearning

"

test, and decrease forgetting. This pre&}ction follows from Rule 5)of
N

the model, in which it is assumed that ATs can be reinstated more

Y o
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readily to values necessary for selective retrieval, when more
attributes are present in the target memory angf are aroused during

reexposurento the corresponding features. Thus, the rate of' increase
for ATs is partly determined by the number of attributes which make up
the target memory. This implies that releafning will be faster when the
number of attributes‘contained in the target memory is greater. This is
due to the rapid reinééatement of ATs necessary for selective reﬁrieval,
which had declined during the retention interval. For the present
experiment, it was anticipated that the group trained in the presence of
salignt contextual cues and tested in the same environment, Group E-E,

would evidence less forgetting than Group E-D, which was trained with

salient contextual cues, but tested without these cues.

Method

Subjects -

TWenty—foEr, adult, naive Silver King pigeons served as éubjects.
Each subject was housed in an individual wire pigeon cage located in a
common animal hélding room. Each subject was food deprived to 80% of
its aé libitum weight, and maintained &t this value throughout testing.
They were weighed and fed following each working session or at the same
time of day during nonworﬁing intervals. Unliﬁited access to water was

N

provided.

Aggaratus

The same general apparatus, stimulus materials and recording equip-

L4

ment used in Experiment 1 were employed. Subjects trained in the
]

-
-
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Wbﬁ”wa}s inserted through a hol\ev in the ceiling of the inner

: L
trained in 4the contextually: enriched environment. This consisted

-
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¢
contextually deprived environment were trained in the experimental cham-

PA)

ber used in Experiment\\ 1. The contextdally- enriched environment "

involved the placement of a locally constructed woode}a compartment
inside of the operant chambe;:. This insert consisted of two wooden
sidewalls, a floor and a ceiling, each measuring 12 cmz. A third side v
wall was constructed of cardboard and was placed against the':fropt panel v
of the operant chamber. This cardboard wall had openings which allowed 4
a .
access to the- peéking ke'y and food magajzine. The fourth sidewall was
’ provide_ci b'S(*\:thh‘é,hinged doors of the sound attentuating‘ cubicle that’
enc.lo's.é('i: thej éperant chamber. Three of t'The siflewalls, tl';e floor, and
ceiling of ;.he .J‘.nnér. chamber contained black and white random patterns. -.

.

ithin

chamber, and a 2,000 Hz tone was provided by a Sonalert placed w
T, L .
the sound attenuating cubicle. ' J
Procedure \ ¥y,
————— 44 ’

Following the pretrair;iang procedure uged lin Experiment 1,‘ the

subjects were randomly assfgned "to one of thle four conditions. For the
“ .

pretraining phase conducted in the experimenfal apparatus, the cont?xt

appropriate for acquisition was efﬁployed. All subjects were then

trained on a successive distriminatian. Half of 1':he subjects in each

group were g.iven a Feature Positive discrimination (i.e., three dots s+

-

and _two dots S-), while the other half received a Feature Negative *

discrimination (i.e., two dots S+ and three dots S-). Two of the groups:
-were trained in the contextually deprived environment (Groups D-D and
D-E). This involved training in the standard pi‘gec:n chamber without a

. ]

houselight or tone. The other two groups (Groups E+E and E-D) were

~
1
-
1 .
s

Ny - .
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of training in the wooden chamber insert with both the houselight and

tone present throughout the session. Acquisition consisted of the same
general procedure used in Experiment 1, and the same criterion was
'employed. A 20-day retention interval commenced once criterion was

achieved, apd was then followed by a relearning test. Relearning

”

involved tl}e same procedure followed during acquisition, and the

experiment terminated for each subject once they reestablished criterion

performance. Relearning was conducted in the context appropriate for

[ ..

« . * each condition.

- ’ . v o

ey . Results

kY . ]

Acquisition

Differences in acquisition rates were assessed with respect to the K

.. contextual environment. in which learning took place.’ The mean S-

4 r “
.

regponses to criterion for subjects trained in.the copte;ctﬁally deprived

and contextually enriched environments weré 85.25 (;Sl)_=34.4);, and 108.58

v g - .

(SD=35.7) respectively. These differences were not found to be signifi- '
cant, t(22) = 1.63, p > .05. Also, no differences between the four con-

\ . R ,
ditions were obtained for performance during -the eriterion trial blocks

of acquisition. Therefore, the groups were per_forming; with equal profi-

ciency at the end of‘ acquisition. . .
. ;
Retention ~
" ! All subjects res‘pondeé to the S+ displays on all occa.sion_s during
‘o the retention test. Therefore, the da}ta of interest were the mean S- ‘

- ¢ L .
* responses to criterion during relearning. An analysis of variance whs

4 ~ ok ‘ .
performed’ on these data, with the factors consistihg of Acquisition

?

.

-
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’
(enriched versus deprived contextual énvironments), Retention (the same
or different context used during acquisition), and Subjects (six in each/
group) . %ignificant main effects were obtained for Acquisition, F({1,23)
= 13.69, p { .05 and Retention F(1,23) = 17.64, p £ .01. Also, a sig-
* nificant interaction was found between Acquisition anq Retention,
F(1,23) =-10.24, p < .05. The mean S- responses to criterion during
relearning are plotted for each of the four conditions in’Figure 5.
‘ Group comparisons revealed that no difference was obtained\ between
groups D=-D and D-E, aﬁd a significant difference was obtained between
.groups E-E gnd E-D, t(10) = 2.5, P <f.05. Thus, a change in context
between acquisition and relearn;ng had a detrimenéal effect, only when

&

acquisition took place in a highly salient contextual environment.

Discussion

EY

GRS e L B T M

9

AT
[y

It waS predicted that groups trained in the environment containing

numerqus contextual cues would take longer to reach criterion during

\
° -

acquisition. This prediction’was based on the assumption that higher

APs and a higher AT for the target memory would be required when the

" - contextual cues represented in the target memory were more numerous.

-

Since APs and ATs are assumed to increment gradually over the course of

\ A\

acquisition training, higher values would require more experience. The

¥

L

data failed, however, to show a significant difference between the rates

" ) ) . -
of acquisition for the contextually enriched and contextually deprived

RE ZORVRRR P - E

conditions, although, the differences were in the expected direction. .
. . J

L

by

Cne poteﬁ%%al reason why these differences failed to reach significance,

RS,

could pertain to the parametric values ©f contextual cues that were used

~
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Figure 5. Mean S- responses to criterion during acquisition and

relearning after a 20-day retention interval for various contextual

cue conditions.
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in the experiment. It is difficult to determine a priori what salient

. >
3 L]

and numerous contextual cues would be for any organism in any situation.
Thus, while the ~ contextual environments may have beer nominally
’ : -

distinct, the functional differences between the conditions may not have

been sufficient to produce a statistically reliable difference. It

"would, therefore, seem valuable to reexamine this issue with other,

contextual cue manipulations. -

The results on forgetting were much more suppertive of the model.

It was predicted that a change in contextual cues would interact‘ with
the nature of the cues themselves. .Specifically, it was predicted that
with rel~atively few salient conte_xtual cues available during acquisi-

tion, a change in the contextual environ’ment during retentifo.n tes't.:ing
would have 1little influence on forgetting, That‘ groups D-D and D-E

showed equivalent degrees of forgetting confirms this predicti&. A

change in the contextual environment during testirig was expected to

)
)

enhance forgef':ting, relative to a no change condition, when these cues
were‘re numerous. This prediction was based on thie assumption that

APs and ATs are reestablished, following some }erioc} of decline, at a

7’

faster rate when the target memory contains more attributes and these
attributes are aroused during relearning. The presence of the rela-

tively copious contextual cues during_testing for Group E-E would have '
N - .

I

facilitated thé reestablishment of ATs necessary for. selective

retrieval. The.abseqce of these cues for Group E-D would have resultéd:
in a prolongation in the reestablishment of these values. Thus, it was

predicted that more forgetting, #s indexed by S- respons;es to criterion

.during relearning, would occur in Group E-D than Group E~E. The data Sr:

rd .

forgetting showed just such a relationship. . b
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The assumptions tesped i/rlx the present ‘experiment also . have

L] »
-

implications for other mempr;j' phenomena. ™ Iy particular, the model

suggests an explanation for }',he important phenomena of reinstatement and

L ] - r r.
reactivation. Numerous studies have shown that re-exposure to various

=

aspects of a learning epigode ,dubring a retention interval can attenuate

fforgetting (Campbell & Jaynes, 1966; Spear & Parsons, 1976; Spear, 1978;

Spear, Hamberg & Bryan, 1980). The current model would explain these

effects in terms of the same prindiple argued to redué¢e the forgetting

5 .

A
,gb?:\a group trained and tested with salient contextual cues in the ]

present experiment. It was postulated that when the target memory

¥

contains numerous attributes, including those representing. contextual
— . .ol
cues, the presence of the features represented by these attributes

dtfring a retention test can facilitate the reestablishment of ATs. It
is assumed that it is the arousal of these attributes during exposure to
I’ .

the cdrresponding features that is responsible for the facilitation; the

V]

’

occurrence of the target response is not neeessarily implicated in this

: I
process. Thus, it is consistent with the model that exposure to aspects..- ~

<

of the learning episode,™ which do not require or allow target

‘responding, may activate sufficient attributes to elevate and ATs that rég

1

may have declined during a retention interval. Accordingly,
reinstatement * and reactivation treatments are believed to enhance

retention by the effects these experiences have on ATs associated with 1\,-,
. N i S - . . . . k,é
target memories. In addition, the effects of these treatments would be

expected to depend upon when 'they are adminig.tered, what specific cue

- ~
combinations or experience'\were provided, and the composition of the
P . . o .
memories involved. -
* - ¢
"-&a—\ i i * -




 tions in pigeons have also failed to show unequivocal evidence for for-

CHAPTER 5
General Discussion’

Although the pigeon has been frequently employed &n the sttidy of
animél{working memory, there has been gomp;rati;ely little interest in ] :
the study of pigeon reference memory. Among the infrequent attempts
that have been made to examine this issue, forgetting has often not been
observed (Skinner, 19503 Thom;s, OUst & Thomas, 1960; Hoffman, Fleshler &
Jensen, 1963; Hoffman, Selekman & Fleshler, 1966). The only preparation
which has reliably produced substantial forgetting in pigeons has igi
volved the s?udy of delayed generalization testing. These studies have
examined the shapes ofugeneraliz;tion gradients obtained immediately or
one<day or more following either ieinforceé training wigh a single
stigglus or a successive discrimination. Gradients obtained onerday or
more following initial training have been found to be flatter than those
obtained immediately (Thomas & Lopez, 1962; Thomas & Burr, f§69). '

It is interesting that while the delayed generalization studies
have shown evidence of long—tefm forget£ing in the pigeon for stimulus

control, there has been no convincing demonstration of forgetting for
diécriminations in pigeons. In those exggriments that have assessed, . . o
generaliiatioﬂ following successive discrimination training, there has

been no indication that forgetting occurred for the discfimination

itgfif, ven though the gradients wer%‘different for immediate and

delayed tests (Thomas & Burr, 1969; Burr & Thomas,- 1972).

The data from explicit attempts to study forgetting of discrimina-

getting. A study by Kehoe (1963) found no evidence of forgetting for a

discrete trial color discrimination after intervals as great as 30 days.

q
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is argued that these data provide the only unequivocal demonstration of
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Similarly, Behrend, Powers and Bitterman (1970) found no forgetting of a
single two-choice discrimination after 14 days; although, they did
report progressive forgetting for a series of subsequent reverse

discriminations over the same interval. Close inspection of these data,
) * N

\

however, brings into question whether forgetting actually occurred.

Performance during the retention test did not seem to differ from

performance at the end of acquisition, even though the relearning scores

did differ for each subsequent reversal problem. These scores do not

5

indicate, however, a performance decrement relative to acquisition
performance, and it can therefore be argued that forgetting did.not
actually result.

. Ed

Finally, sevéral experiménts by the author also failed to show any
forgetting for visual discriminations in pigeons. These studies in-
volved manipulations which have often produced substantial forgetting in

other situations. Forgetting occurred with only one of these condi-

tions. The\experiments:reported in this thesis represent a detailed

-~

investigation of the forgetting obtained with thi%%prepafation, and it
‘, i

-

forgetting for discriminations in pigeons yet reported. ‘ ’ :

The general procedure used in the three experiments involved acqui-

sition and retention testing for a discrete trial, two-choice, succes-
sive, visual discrimination. The discriminative stimuli were small dot *
displays presented on a single peckiﬂg-key. The learned behavior in-

volved the cessation in pecking the stimulus display during an S- trial, |

, .

with continued responding to the S+ display. 1In all three experiments, -, -

v

evidence was obtained which showed forgetting of the diserimination.

<

Animals resumed pecking the S- display fogiowing intervals of 10 and 20

[
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days, without showing any failure to continue pecking the S+ display.

3

In addition to the simple demonstration of forgetting, a number of
variables were eéxamined with respect to their infiuence upon the.
obtained forgetting. For example, the’length of the retention interval
was found to significantly influence the amount of forgettiné‘observed
with this preparation (Experiment 1)}. It was found that forgetting
increased in a negatively accelerated fashion over intervals of 1, 10

'ané 20 days, for both a single discrimination and a reverse discrimina-

tion. 1In addition, for a group retested 20 days after an originéi one-

day retention test, significantly more forgetting occurred after the
20-day interval. Thus, longer retention intervals were found to enhance
forgetting as both a between and withinggroup effect. This would

suggest that the forgetting observed in this preparation is quite robust.

after a 20-day interval. N

T
\

The role‘of interference was examined in terms of the retentiop of
reverse discriminations. The forgetting obtained for a'reverse discri-
. '
minatioﬁ was found to be greater than the forgetting obtained for a
single discrimination at intervals of 1, 10 and 20 days (Experiment 1).
These data are consistent with the results from similar studies of
delayed generaliéation testing {(Burr ﬁ Thomas, 1972).
‘Another variable examined was the role of within problem similari-
ty. It has been shown that PI and RI increase directiy with the deéree ,
, ~ .
of si@}larit§ bgtwaen conflicting iearning experiences (E}bwder, Cole &
- .
Boucher, 1968; Zentall, 1970). Experiment 2 examined whether similari?y

might also influence forgetting as a within task variable. The degree ‘e

of similarity between the two displays was varied, and it was found that

n
- v
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slower acquisition and greater forgetting resulted when the similarity

was greatest. A discrimination involving th¥ee green dots versus two
green dots was found to undergo substantial forgetting over 20 days,
vwhereas problems involving two green dots versus five green dots, or two

green dots versus two green and one red dots were not. It is believed

v

that this represents the first example of within problem similarity

effects reported with animals. As such, it not only offers important

'

empirical insibhts into animal memory processing, but also suggest a

procedure which can be used to more extensively study this phenomenon.

The influence of contextual cues was examined in Experiment 3.
~

Previous research has shown that a change in contexts between acquisi-

-l

S
tion and retention testing can drastically affect performance {Perkins &
* . ¢ -

Weyant, 1958; Steinman, 1967; Chiszar & Spear, 1969; Zentall, 1970;

Thomas et al., 1981, This experiment studied the effects of changing

contextual cues on forgetting of visual discriminations, with respect to

the nature of the contextual cues. Separate groups of subjects were

a

trained in the presence of either conspicuous or inconspicuous

contextual cues. It was found that a change in the contextual cues

Eetween acquisition and xelearning, administered 20 days later, resulted
in significantly more forgetting than when these cues remained the same,
but onif if original training had taken plaéelin the presence of a
salient’contextual environment, Changing contexts had ;o significant

effect on forgetting when acquisition occurred in an environment

® \

containing few conspicuous contextual cues. It is believed that this
finding establishes a preViously unreported relationship between

contextual control over performance and the nature of the contextual

.
w

cues themselves,
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In addition to the empirical study of forgetting in the pigeon, a_ _
retrieval model was presented and subsequently applied to the data from
each of the three experiments. The model is.essentially a detailed
elaboration of a retrieval failure account of forgetting, such as has

been advocated by Spear (1971, 1973, 1976, 1978). The model asserts

that discriminative performance involves the establishment of specific

Y

target méﬁories, which when retrieved result in the occurrence of a
specific target response. During acquisition of a discrimination,
memory processing occurs which results in selective retrieval of a
target memory. This processing ensure; that a target memory will be
retrieved only during specific stimulus conditions (i.e. during an S+
presentation). Over a retention interval, changes in the retfievability
of target memories occur which result in a disruption in selective
retrieval, and thus produce a performance decrement defined as
forgettiﬁg.

The current model offers an exéiicit hypothetical mechanism for
both retrieval and retrieval-failure. It relies on the vie& that
memories consist of organized sets of attributes. lThe attributes
themseives are the organism's encoded version of features éresent and
noticed by the organism dqring a learning episode. It‘is assumed tgét
attributeg are aroused or activated whénever the organism notices the
corresponéEEE)features. As an attribute is activated it provides some
hypothetical value of activation (AP), and it is assumed that attributes
vary in their values of activation. The retrieval of a target memory
depends on the arousal of individual attributes. Once the cumulative
activation level for those attributes which have been aroused during

N

feature recognition reaches some hypothetigal value of activation (AT),

el
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the memory will be retrieved. Once a memory is retrieved, any target
respénse, which is itself represented by an attribute in the target
memory, will be generated.

The model further assumes that selective retxieval of target
memories requires changes in ATs for target memories and inc;eases in
APs for {elevant attributes (i.e. those attributes which represent

features which are most informative for the particular discrimination).

"specifically, it is assumed that ATs and APs increase so that target

' N

memories become retrievable only dufing specific feature presentations
(i.e. during an S+ stimulus presentation and-not during an S- presenta-
tion). Over retention intervals, dhring which éarget aﬁtributes are not
activated, ATs are assumed to decline. It is postulated that it is the
decline in ATs which is respogsible for selective retrieval failure,
which yields forgetting of a discrimination. As a target memory AT de-
clines, the probability of that memory being retrieved during inappro-
priate feature conditions (i.e. during an S~ presentation) increases, *
and this results in the decrement in discriminative performance which
defines forgetting.

An important characteristic of this analysis, is that forgetting of
a discrimination is argued to involve the enhanced retrievabil}ty of a
specific hemory over a retention interval, and not that forgetting
involves a decrease in the retgievabilitz of a memory. This so;;what
counter-intuitive view of forgetting is supported by the form of the
performance decrement noted thrbuéhout the four experiments. Responding
during S+ presenta}ions remained unchanged over retention intervals,

while the learned tendency not to respond during, S- presentations dimi-~

nished over retention intervals. .

%
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The model holds that acquisition of a discrimination’ involves
elevations in Aps and ATs, which produce highly proficient selective
retrieval., A set of processing rules were described whicﬂldelineate the
épecific changes in APs and Ats postulated to occur during both acqui—
sition and retention intervals. Applicatioﬁ of these rules to the
results of each of the three experiments was offered as an account of
these findings. That forgetting was found to increase with greater
retention intervals, and to increase in a negatively gccelerated
fashion, was accounted for in terms of the rate at which ATs are
believed to decline during periods of inactivation (Rule 4). The
greater forgetting foﬁnd for reverse discriminations, relative to a
single discrimination] wa§ explained in terms of the availability of two
target memories which both yield the same target response--one for the
original discrimination and one for the reverégidiscrimination——and the
selective retrieval failure for these memories, which results from
decreases in ATs during a reteption intexval.

The similarity of the two discriminative displays was expected to

»
influence both acquisition and forgetting. Slower aééuisition and
greater forgetting were predicted for p?oblems*involving more similar
displays. These predictions were based on the assumption that the N
critical value to which an AT must be raised in order to promote profi-
cient selectivégietrieval, would be higher for problems containiﬁg moxre
similar displays (Rule 2), and the additional assumptions that higher
critical AT§ take longer to reach (Rule 3) and suffer more aeteriora~
tion during a retention intes#val (Rule 4). ’

Finally, the model waiﬂa}so applied to contextgal cue effects. It

5

is assumed that contextual cues are represented by corresponding attri-
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¢ A}
butes in the target memory. The activation of these attributes during

-

both discriminative acquisition-and retention testing was expected to
influence performance. The model predicts that when a greater number of

contextual cues are represented by attributes in the target memory,
\ 'Y . *

development of proficient selective retrieval will take longer (Rules 2
“and 3). Accordingly, the rate of acquisition of a discrimination is
expected to be a direct function of the number of contextual cues repre-

sented in the target memory. Acquisition is predicted to be slower when

more contextual cues are encoded. The results from Experiment 3 did not

strongly support this prediction. No‘5i§sificant difference was found
in the rates of acquisition for two groups trained in the presence of

two different levels of contextual cues; although, the differences were
in the expected direction, and it was argued that the parametric'differ—

’
ence between the two cue conditions may not have been sufficient to
realize a significant difference in acquisition rates between the two

conditions.

The role of contextual cues was alsg ted during retention test-

ing. It was predicted that when traindd in the presence of ‘relatively

-
§

few contextual cues, the contextual environment during a retention tesé
should little affect performance. When trained with more numerous con-~
textual cues present, however, it was expected that a change in context
during a retention test should enhance forgetting, relative to a no

change condition. This was based on the assumption that ATs, which may
have declined during a retention interval, are reinstated more quickly
when more attributes are contained in the target memory and a;e aroused
through presentatiﬁn of the corresponding features (Rule 5). The data

Y

from Experiment 3 directly support this hypothesis. More forgetting

A AT AT RTRA . o &
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was found in a group trained with more numerous cgntextual cues and .-
tested without thesemcues, than in a group trained and tested with the -
numerous contéxtual cues available. For groups trained without numerous
coqpextﬁal cues,, the amount of forgetting did not differ with respect to
the contextual cue environment during the retention test. This
previou;ly unestablished relationship between the nature of contextual
cues and their impact on performance during'retention testing, and the
successful prediction of this relationship by the proposed retrieval

model is beliéved to be a strong indication of the viability of this

model. No other extant podel of animal memory processing seems capable
of accounting for this phenomenon.

Both the empirical findings from the three exp;riments and the
retrieval éodel outlined above suggest a number of futufe reseégch
possibilities. Of empirical interest would be attempts to isolate the
factors responsible for the forgetting found in,the current preparation,

- —r
For example, similar experiments could be conducted with the same type
& stimuli uséd in the abo¥e experiments, but employing a simultaneous
piscriminatioq. This would allow the relatiye‘impoftance of the go/no-
go nature of the discrimination problem as a factor in the obtained
forgetting to be assessed. In addition, a number of stimulus variations
could be manipulated with the successive discri&ination currently
employed to further ‘explore the role of stimulus similarity on memory
processing. Also, similar parametrjc manipulations of contextual cues
could be examined, in order to further study tﬁe importance of the
nature of the contextual cues on memory pfocessing.

With respect to the proposed rettieval model, there appear to bé‘a

number of research possibilities which"couldAfurther test the validity

£
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of thid model. For example, ‘the model clearly implies that selective
retrieval will be reinstated following forgetting faster when the target
memory contalns more attributes, énd these attributes are aroused
through presentation of corresponding features. Further tests of this
assumption using nondiscriminative performance could extend the'general-
dzability of the model as an'account of t;e phenomena of reinstatement
and reactivation. Also, both of these phenomena could be studied with
the present preparation.

Perhaps the most explicit area Ehat the proposéd model can be
further tested involves the nature of the stimuli used in discrimination
problems. The model clearly states that for discriminations in which
there is little featural overlap between the stimulus displays, forget-
ting is expected to be minimal. For example, a simple successive dis-
criminatioh inyolying white and black discriminative stimuli would not
be expected to undergo much forgetting. This .is based on the assumption
that for problems>in§blving highly dissimilar stimuli, increases in ATs

may not be required; it may be possiblé to establish proficienﬁ selec-

tive retrieval in such situations without necessitating increages in

- \

ATs. Thus, with no increase in ATs during acquisition, there should be

. ~

not decline in ATs during a retention interval, and seYective retrieval

proficiency should not change over a retention interval. As the

discriminative stimuli become more‘similar, however, increases in ATs
may be necessary in order to establish selective retrieval. Under these
conditions, retention intervals sﬁould yield & decrement in ATs, which
would disrupt selective rétriévgl and éroduce forgetting. Thus, the

current model offers a siméle explanation for those failures to find

forgetting of discriminations in animals. The stimulus arrangements in
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these studies may have been such that selective retrievallfailure, as a
result of changes in ATs during retention intervals, may not have been
expected, and the absence of forgetting would have been predicted.
Further tests of these assumptions regarding stimulus-performance
relationships during discriminative acquisition and retention could
easily be conducted with the current preparation. . §
In conclusion, perhaps the most gégnificant contribution of the
current series of experiments is to offer a research alternative for the
study of reference memory in pigeons. It has been argued above, that a
greater research’effort to study reference memory processing in pigeons
would providé a valuable contribution to the comparative study of animal
memory. The results form the experiments currently described suggest
that forgetting of discriminations in pigebns i; a robust phenomenon
under appropriate conditiong. Further researéh into what these condi-
tions are, the use of the above preparation to séﬁd; additional problems
of animal memory, and further attempts to fest,and develop the proposed

retrieval model are believed to be the successful ramifications of the

current research‘effort.
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