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Five exberiments were performed;gasing a delaved matching-to-
. ) . 3 .

‘sample (DMIS) procedure, to inv;stigate the effect of ptior lear;;ag—

[ 4

upon the retention of subsequent learning in pigeon short-term memory.

-

< Two basic conditions were emploved. In the Experimental Condition, 2

-~

ﬁMf% tria!&, Tl and T2, were presented in immediate successioﬁx. Correct

and incérrect colors on Tl»wefeh?éversed on T2. In.thékgpntrol Condi-

.tion, Tl was not presented «and I2 occurred in isolation. The comparison

_of ipterest wss the percentaéé;ﬂf correct T2 responses as a functiom of
o) - .
~delay in, the 2 conditions. -In Exp. I, it was found-that (a) presenting
- ‘d -"\. .
Tl11l or 6times before T2 increased the rate at which T2 was forgotten

over the fitst 6-sec. of the 10-sec. retention intervel relative to the
* Cantrol Cond;tioh (proactive inhibition tPI) effect),(b) preéenting Tl
‘ ‘e

4 times befote T2 produced a FI effect oﬁer the first 2-sec. of the

reCention interval (c) presenting Tl 1 or 6 times resulted in better

4"

_TZ'retention at the 10-sec. deldy than at the 6-sec. diTay, and (d) in-~
- _ [
creasing the number of times Tl was presented, from 1 to 6, resulted
Q : el

1n'a'relacdve1y constant increase- in the amount of interference across
PIQ’delays. In Exp. II,\itfggﬂ found that T1 did not interfegPe with T2
retentfom if néiiher the correct mor the incorrect colof on Tl appeared

v -

on T2. In Exp. 111, it was found that a prior complete DMTS trial con-

stituted a more potent soufce of interference than did various components

. .
i

of a DMTS trial. In Exps. IV and V, i€ was found that ta) separating
the termination of a single Tl presentation from the omset of T2 by
' -

either 20 or %0 gec. compietely eliminated the PI efifect and (b) when
—~ . '

-4 -*

Tl was presented twice, separating the termination of the second Tl

. . . i -

4 -
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N

preseniatiou from the onset of .T2 by 20 sec. reduced the magnitude of

the P1 effect and a separation of 40°sec. eliminated the PI effect.

S

Although several theoretical interpretations of the results are possible,

At was concluded that the Grant and Roberts' model may provide the ‘most

adequate interﬁretapion. Theé model  holds that interfqyence effects are

A

- 4
the product of competition between conflicting memories at retrigeval;
the deg}ee of competition being a joint function of the degree of over-

lap between the trace strength distributions of the 2 conflicting .\

-

wemories and of the animal's abilitv to distriminate the most recent
[ ]

" memory. - - . - ..

»

1v . . s .}
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INTRODUCTION

The Delaved Matching-To-Sample Paradigm
The experiments to be reported in this papereinvolve the use of
; “. the delayed matching-to-samplé (DMTS) teéchnique to investigate‘short-
term ;emory (STM) in the pigeon. Several investigations have emploved

- the DMTS task to $tudy STM in the monkey (D'Amato & 0'Neill, 1971;

D'Amato & Worsham, 1972; Etkin, 1972; Etkin & D'Amato, 1969; Jarrard §

Moise, 1970; Jarvik, Goldfarb, & Carley, 1969; Moise, 1970; Worsham &

D'Amato, 1973) and in the pigeon (Blough, 1959; Berrvman, Cumming, &
N >
' Nevin, 1963 Cumming & Berrvwman, 1965 Grant & Roberts, 1973; Roberts,

1972; Roberts &Gragt 19745 Smith, 1967; Zentall, 1973).) In Dm?f the

sample stimulus is presented, withdrawn, and presented again along with ¢

one or more additional stimuli. The animal is allowed to choose The , .

—\ K - X
.of these stimuli and is reinforced for choosing the stimulus which
matches the sample. ’ :

Two types of DMTS trials, peck-controlled and timer-controlled,

t -

can be distinguished depending upon whether the termination of ghe

‘; ' sample stimulus is dependent upog;%hé number of times a response is

made to the sample (peck-controlled) or upon the passage of time (timer-
controlled). An example of a peck-éontrolled DMTS trial is shown in

Fig.)l. The.sagple stimulus, s case red, remains illuminated

until a certain number of responses has been completed, in this case ' -

. five. Following the completion of the ratio, the delay is introduced ..

followed by the illumindtion of the side keys with matching and nom-
: . by exampl Bacfol |
. matching colors. An example of a timer-cPntfolled DMTS trial is also , .
. sh?wn in Fig. 1. Ehch trial begins with the presentation of a white

o '

%




C e

"Figure 1. An illustratiom of the sequence of events in DMTS. -

~

L 4

(The left side illustrateg.a peck-contrélled DMTS < |

trial and the right side illustrates a timdr-con-

trolled DMIS trial).

; C

-
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" for responding to the matching side key color. R N

Q B . v

¥
light on the center key. Foll&wing.the completion of some attending

response to the white key, such as pdhking the key once, the sampfe
stimulus is presented. The sample remains illuminated un(il the pre-
scribed exposure time has elagsed in this case 4 sec. Qn timer- N
controlled trials, the sample stimulus exposure duration is g’mpletelv
independent of the number.qf times the animal responds to the sample
,§timulus. When the exposure rime has elapsed,‘the\‘i::er {s darkened
and the delay interval is introduced. Following;the.delay, the side

keys are.illuminated with matching and nonmatching colors. In both

-

peck-controlled and timer-controlled DHTS, the animal is teinforced

The inte;Frial Interference Paradigm

The experiments‘to be reported in this paper were designed to
investtégte the effect‘of‘p;ior learning on the retention of snbse-.
' 9

quent learning in pfgeon STM. Theiganeral paradggm employed involved

two cpndiq’ons, an experimental condition and a control condition. Both

conditions involved the use of‘t;mer—controlled DHngsrials. An ‘example

|

* of experimental and control trials is shown in Fig. 2. Im the experi-

ment&l condition, the side key choice on an initial DMTS trial (Tl) is

folloﬁed, two seconds later, by a second DMTS ‘trial (T2). In the com~

" trol condition, Tl is mot pieaented'and T2 ‘occurs- in isolation. The

L J .

. comparison of interest is between the perce%ﬁage(of correct choices on

T2 in the experimental and control conditions. Since T2 is identical
in the experimental dnd’conirol conditions, any difference.betveen the

percentage of correct choices on T2 in the two conditions can be attri-

outed #o the effect of priof learning, Tl,.on the’ retention of euosgquent




‘
Y
v,

" Figure 2.

-

The sequence of ‘events in the intertkial interference .

paradigm. (An ekperimentaf trial is i lustrated on

.

" the left and a contyol trtal is illustrated on the

.right).

o
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learning, T2. If the same response was correct on- Tl and T2, we might
expect T2 berfornance in the experimental condition to be superior to

T2 pérformance iﬁ the éontrol condition (facilitation effect). However,
if different responses were correct on Tl and T2, as is the case in

Fig. 2, we might expect T2 performance in the experimental condition to

be inferior to T2 performance in the control condition (interference

<

effect). ,The present research was® concerned onlv with thg case in which
differentfresppnses were correct on Tl and T2. Since the iﬁterfering
item, Tl, is a complate trial of learning, the paradigm will be referred
té as the ingertrial interferénce paradigm.

Given the intertrial interference paradigm for investigating inter-

‘ference in pigeon STM; we might ask how Tl might be expected to affect

T2 performance. Two contrasting types of interference effects have been

4
demonstrated. First, Grant and Roberts (1973), investigating intratrial

interference in pigeon STM, found a relatively canstant effect of prior

learning on the retention of subsequent learning as a function of delay.

. . £ N
‘That is, the magnitude of the interference effect™ (difference between

£
v

control and interference conditions) was as great or-greater on an’
immediate retentian test as on a'delayed retention test. This Eype of
interference effect,ié showé graphi;ally';n the left panel of Fiét 3;
In this paradigm, prior learning did not increase the.rate aé which
supsequenc learning was forgotten. éra&t and Roberts atc;ibuted the
intérfe;ence to trace competition bet&een conflicting memori€s and
labelled this type of interference effect the competition effeht;

‘A second type of interferende effect is proactive inhibition (PI).

PI is defiped as a more rapid forgetting of subsequeﬁg learning produced

-




O
.
i

Figure 3, A graphic illustration of the competition effect aﬁd
the PI effect._ (Thé competition effect in the left
panel is based on data from Grant and Robert.s, 1973.

" The PI effect in thedright panel is based on data

from Harlow, Uehling, and Maslow, 1932).°
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. . . Lo
In£§rior lesrning. Empirically, PI is demonstrated when the'difference .
betneen the cagfitrol and 1nterfetence conditions incrgases uxth‘}ncreases

.\., t

" in the retention interval following SUbsequent learning, This. tvpe of -
interference effect Js showngsgraphically in the right panel of Fig. 3.

Evidence of a P1 effect has been obtained in human and primate $TM and
in ra® long-tfrm memory. : N

S »

Thus, the-competition effect and the PI effect represent contrasting
9 . -

~

tvpes of interference effects. The. competition effect is defided as a -
- .

.

£ ! . .
relatively constant amount of interference as tha tetention interval is
¥ st

increased. On the other hand, the PI effect 1& défined as 1ncreased

+

infeq?erence as the ;etentlon interval is increased. Thes® twd tvpes

of ingerference effects are discussed in more-detail oin the following

- Y . = rs
sections. .

“o
-

Intratrial Interference in Pigeon Short-Term Memory -

Crﬁn%~and Roberts (1973) emploved a mpdified pecﬁ-COnt%oliga DMTS
- . ? 2 . P
stask to inyéstigate intratrial interference in pigeon STM. Two cbndi-

tions were employed, a control condition and an expetimentaf (intarference)
- ek -~ . .

condition. An examplé of control and interference trials is shown in

F&’. 4, In the experimental cdndifion, two sample stimuli, S1 and s2,.

r [
. .

were presented ;uccessively at ihput.' Egllowing a delay,,S1 and 52 were
a ' .

presented simultaneously for a choice, with choice of S2 desigﬂated.as

. -
: s

co?rec’bp In the c;gtbrqcondition, only one sample gtimulus, S2, was -
presented at input. Following 3 delay, S1 and S2 wete,preséqted simul-

taneouély for a choicé, with choice of Sf designated'as'correc:?" Hence,

the conttol condigion simply involved the typical peck-controlled DMTS

task. The c0mparison of interest was between fﬂe percentage of SZ choices

° . e
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figure 4. An illustration of the sequence of events in the intra-

2

trial interférel;e paradigm. (An experimental trial is '

&

illustrated‘on the left and a control trial is illustrated

-
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in the experimental and control conditions. This interference paradigm

" may be referred to as the intratrial inteYference paradigm since the
} -

interfering item (S1) is presented within ihg same trial as the test

~

item (S2). FurthermoreT the paradigm is intratrial sjnce the animal e

is pot tested for recall of the interfering item. A
The results of the Grant and Roberts experimental series on intra-
[ t-
trial interference in pigeon STM can be summarized in seven statements.

First, on experiméntal triasls, S2 was chosen at the.&ime of test on
. b v
the majority of trials (greater than 50%). Second, the control condi-

L

tion had a higher percentage of S2 choices than :id the experimental

-

3 B
condition at each -delay ,(interference effect). Third, the_ interference .

’ < . -
effect was constant across delays. Fourth, repetition of S1 at %taput

-

decreased the percentage of S2 choices at the time of test. Fifth, =

T

133§<:ing an inQei*stimqus interval of 10 seconds between the tergjna-
tion of S1 and the onset of S2 at input increased the percenfage,gf s2 T~

choices at the time of test’. .Sixth, repetition of S2 at input increased

the percentage of 52‘choice§'at the time of test. Seventh, no inter-

ference was obtatned"if a new stimulus, S3, was substituted for Sl on .
. - ' : o <

" the retention test.

Gran:.éhé,Roberté (1973) concluded that any theoretical interpre-

- . . -
.
.

tation of 1nter£é:ence_gffecxd which .predicts an increase in the - .
-: ® ) . Iy L’
magnitude of the interference pffect as a function of delay was incapable
@ . ‘ ‘ ‘ T
of accounting for their data.. This is the case since the magnitude of

“interference remained. donstant or decreased as a function of delay.
. 1 4 ) '

+

Thus, prior learning’ Sf: did not affect the rate at which Jﬁbéeqﬁept

learning, S2, was forgotten sisce the Qggﬁaum amouht of interférencg
a ' ,
3 . - f

t
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was obtained at the 0O-sec. delay.” Grant and Roberts proposed an inde-

pendence and competition model of interference effecis to aécount for

their findings. They proposed that stimulus events are stored as an'
internal representation of the event,, called a memory trace. _Thé

strength of the trace increases as a function of stimulus exposure dura-

tion and decreases in strength as a function of time following the ter-

2 -

e
mihation of the' event. The competition model holds that traces of
events formed in succession have strengths which are independent of

one another. While botP traces decav w%}h the passage of time, the pre-

(SN . ~.
sence of one trace does not affect the rate at which the other decavs.

Inteference effects are held to be the product of'compétition between

traces, the stronger trace at the time of test tending to determine the
choice responéef The de;}ge to which the first trace c&mﬁetes for
d;minande with the sec;qq trace is determined by the strength of the
'iirstltrace in reiation to the strength of the secgnd trace; the stronger

»
the first trace in relatipn to the second trace, the greater the compe-

.

tition' and hence the interference. ' . ' .
N
On the basis of some recent data, Roberts and Grant (1974), the
.statement that competition is solely determined~by the strength of the '

first trace in relacionvto'qhe second trace has been gevised. In their

firsﬁ two experiments, Roberts and Grant employed the timer-controlled

DMTS task Cc>1nvestigate the effect of sample presentation time (PT)

upon the percentage of correct choices ‘at the time of test. [They found
: : o R
that a sample presented for 4 sec. and allowed to, decay for 2 sec.

yielded the' same percentage of correct choices as a éﬁmplg presented

for 2 sec. an& not allowed to decay. TRAus, it was proposed that tRe
\ vy

. : .(\/

%
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trace strengths were equal at the, time of test. In the third experiment,

"the data obtained in the first twc experimentg was used to test the no-

tion that intratrial interference affects are Qgtermined'by the strength
of the two memory traces. A O-sec. delay was used on all trials. 1In

* the first phase of the third experiment, five S1 PT values were used;
2, 3, 4, 5, and 6 secff The PT of S2 was held constant at 2 sec. A

trace stren%th theorv of trace competition would predict that S2 would
be chosen at the time of test 50% of the time when S1 was presented

.-
for 4 sec. °In addition, as the S1 PT decreased from 4 sec. the percen-

-

-

tage of S2 choices should rise above 502 and as the S1 PT increased
\ N R

from 4 set. the percentage of S2 choices should dréﬁ below 50%. It was

,
v

- found that when the S1 PT was 4 sec. and the S2 PT was 2 sec., S2 was

~
-

not. chosen 507 of tEé time, as predicted:by¥ the model, but rather 69%
—— ' - - _ .
of the time. The effect of increasing the S1 PT was to lower .the percen-

tage of S2 choices, as predicted b§ the model. However, even when the

' S1 PT'was 6 sec. the percentage of SZlehdices did not drop significantly

below chance (502). In additional phases of their experiment, mahipe¥"

1ations were employed to increase the strength of. Sl and/or to decrease

- .o
s

the strength of S2 at the time of tesf None of these manipulations -
succeeded in producing a pere/p(age of S2 choices that was significantly

below chance.’ Roberts aq§ Grant (1974) concluded that interference
g A :
-effects obtained in the intratrial int!?ference paradigm are jointly

1]
.

determined by the strength of the memory traces and Py a recendy factor.

4

The effeqgt of this recency factet was to¢increase the percentage of S2-

. g

' choices over and abovs that which would be expeéted on the basis of the

q&.k“' - ' ' . ' . . : . ’.

strength of the conflicting memory traces.

o , . . |
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In summary, prior learning has been found tb-interfere with subse-~
- e
quent learning,to an equal degree yegardless of the .length of the

retention interval following subsequent learning. Since the maximum

“amount of . interference is obtained on an immediate retention test,’
prior learuning doesfnqt affect the rate at which subsequent léarning
. is forgotten. Inttratrial interference effects can be accounted for
. ~
by a model of independeﬂk—eraces and competition between conflicting

traces, with the degree of competition being jointly determined by

trace strength and bv trace recency.

Proactive.Inhibition . ;

. - Another type of interference effect which might be found is pro-

active inhibition (PI). Proactive inﬁibitfbn is defined as a more - ’ <

-

rapid fcrgekting of subsequent learning when preceded by prior learﬁing

than when preceded by a rest interval. According to Spear (1971), PI
can be demonstrated only when the original degree of learning of the

subsequent task has béen equated across experimental and control

» .
Q

conditioms. Thus, a demonstration of PI requires ﬁﬁ? use of both

. an immediate and a later test, and the amount of interference must

be greater at the later, compared to the immediate, retention test

(p. 50r. Evidence-of a PI effect has been‘obtaiaed in both human

By -

~ " and primate'SQ?,and in ‘rat long~term memory (LTM). - -

~

Proactive Inhibition in Human Short-Term Memory
» ’ S *" - Q ) -~ i
One of the standard techniques for studying human .STM was developed

-
[

by Peterson and Peterson (1959). They briefly presented a trigfhm com—-"
!

-posed of three consonants, and then, Eollowing a delay of several seconds




3

. - ~ ~
in which S counted backwards, S was tested for recall of the trigram. - -

" This paradigm revealed retention to be a degati;ely accelerated fumctlon

of delav. In a§&ic40n, it was also found that the proporbioq'of correct

[y .

responses at the short retention intervals (3 and 6 sec.) incTeased

across trials, while the proportion of correct responses at the long

Y

retention intervals (15 and 18 sec.) remained relativelv constant across

trials. Peterson and Peterson attributed the improved performance at

the short retentfon intervals to a practice effect. However, Keppel
) ) . ; 3 .
- A v »
and Underwood (1962) argued that the improvesment in performance at the

5
.

short retention intervals meant that the degree 9f learming of the

trigram was increasing as trials proceeded. If only practice éffects

were inv%}ved, the imp{ovement'in performance with ﬁrgctice shohlé be

. found at both the.short and the long rgtencion intervals. Thé?‘p(L:‘.

posed that no-~improvement was found at the long retention intervals

>

because the facilitative effect of practice was negated by the detri-.

mental efféct of PI. Thus, at the sRort retention intervals, any
intérﬁé}ence from prior items was more than compensated for by the

practice effect; at long retention intervals, the intérference from

- >

prior items was of sufficient magnitude to maék the practicé effect.
Keppel and Underwood (1962) also presented .thelr own data which
supported the contention that PI operates in the.Peterson and Peterson

'8TM task. They found that after dne ptior item the proportion of cdr-

rect responses at the 3- -and 18-sec. rétention interval was equal.
However, as the number of prior items increased from one to six, the

3- aqs-la-sec. retention curves diverged. 'That is, as the number of
[ . * .
. - * 2 - - -
prior items increased, the proportion of correct responses at the 3-sec.

»
-
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ie - ~

_.retention interval remained relatively constant, whereas the proportion

: ! . ) ) !

;0f correct responses at the 18-sec. retention interval rapidly decreased.
! . :
'On the basis of these data, thev proposed that the negatively acceleghged

L

STM retentior function\yas produced by the operation of PI.. Keppel and
. - s _ ’ )
Underwood argued that in the Petersot and Peterson STM paradigm, the

learning of a current syllable regults in the unlearning or extinction

-

of previously learned associationms. Therefoie, immediately after learn-~

ing the current syllable there was relativély little interference due -

to the extinctiod of previously lgarned assoc;at;ons. Hogever, as time

passed,. previously learmed associations spontaneously recovered, result-
ing in incredsed interferggce~at-the long rétention intervals.

Since ghe originai demonstration of PI in human short-term recall
memory, the PI‘effect has become a common finding (see Wickens, 1970).°
Recently, the PI effect has also been obtained in human §gM experiments
employing a recognition procedure. Hawkins, Pardo, and Cox (1972) gave

Ss a recognition test for List 2 items (4 items per list) after a 0- or
. - A
20-sec. retention intetval. Fof half of the Ss, List 2 was preceded

by a rest interval (control condition), while for the qther half of the

Ssys List 2 was,preceded by the presentation and recall of List 1 (inter-
. . ’ - ) )
ference condition). It was found that the two conditions did not differ

at the O-sec. retentign intedval, bﬁ! the control conditionrias superior

al. There-

.-

to the interference condition at the 20-sect. retention inte
fore, PI was demonsfrated since List 2 was forgotten more rapidly when
preéedqd by prior learning (List 1) than wheg preceded by a rest interval.

As pointed out by Petrusic and Dillen (1972), Havkins et al. (1972)
did.not demonstrate thaﬁ PI develgps using a recognition task since the




-

-

. \
interfering item (List I) was tested by means of ? recall procedure.

L 4

~

Petrusic and Dillon (1972) demdnstrated that PI dees develop when both

the interfering item(s) and the test item are tested‘by‘qeans of a

/I~

recognition procedure. Furthermore,‘gygy found the magnitude of the

PI effect to be the same in th recognztion procedure as in the recall

’
-

procedure. Howéver 3 ‘ latqr experiment,'DilLon'and Petrusic (1973),

Proactive Imhibition in Primate Eﬁort—Term‘Memogy ' -

In addition to having been.féund in human'recali and recognition-
STM experiments, PI has also been, found in primate STM. Harlow, Uquing,
and Maslow (1932), using a spatial delayed-response problem, obtained
.a Pl effect in primate ST&. They employed twp conditi?ns, a‘fixe§
g}nterferenée) condition anﬁ‘a’random (control) condition. 1In thé
fixed congifion, the same poaieioﬁ was carrect four times in succéssion
. and then the opposite posipion was correct on tﬁ;_fifth (test) trial.
hIn the ‘random condition, the correct positiog was randomly determined,
with th rebtriction_that épch posision was correct equallyloften, on
the four preceding trials. 1Im thg Fando?;conditiép.thé_pgrcentages of
correet responses on the test trial werellOO, 98, and 55 at delays of

- . i

I 4
15, 30, and 60 sec., respectively. In the fixed condition.the percen-
— .
tages of correct responses ‘on the test trial-as a function of delay
were 92,- 72; and 50. The supenmo!ttyiif the random condition over the

fixed condition,’ in percentage terms, was 8, 26, and 45 at the 15—; 30-,




N \éhcsjzjyg;lays, respectively. Hence, a Pl effect was obtained since the

‘o

L
f
N

magnitude of the interference effect increased as a function of the delayw

on the test trial.

-

-t
Proactive ‘Inhibition in Rat Long-Term Memory e
- . > ) —

Evidence of a PI effect has also been obtained in rat LPMsstudies.

Investigations of PI in rat LTM have involved first training the animals

. "to make some response, Rl, then training them to make some.antagonistic

P .

' a memory, attribute model of PI in rat LTM. Spear proposed that “Mmme-

response, R2. At some time following the learning of R2, the animals .

are placed in the situation in which they'{gg;neﬁ Rl and R2 and' allowed

> -

to,make‘either of the previously learmed responses, withﬁ;esponsé R2

- -

designated as correct. The typical finding in this sitvation was that
R2 homfnateq at short delays after learning and became prqéressively

* ' '
less dominant as the delay increased. The interfgtence/goﬁdition was

’

equivalent tQ the cont&ol condition (learned only R2) in retention of
R2 on-an iqudiate retention test; with the passage of time, the inter-
- . - L. N )

. .
ferencg 00qﬁition showed more rapid forgetting of R2 than the control
* - . )

condition, .fo account for these findings, Spear (1971, 1973)~;roposéd
. é

, . . N

diately after learming R2, more cues are available for retrieving

memories of R2 .than oflll. However, as the retention interval increases,

the proportion of cues available for retrieving memories of Rl increases,

thus accountifg for the incréased tendency to make Rl as the retention
) : .

interval is increased.

Purpose of the Present Research

The purpose of the experimental series to be reported in this paper

, o

"




L2 ‘ . s
was\to investigate the effect of prior learning -on the retention of sub-

sequent learning in piggoﬁ short-term recognition memorv. As is evident
[} l"

from the preceding discussion, the type of interference effect obtained
using the intratrial interference paradigm in pigeon STM is radically

different from the'type of interference effect obtained in human and

primate STM and in rat LTM. Not only does the interference effgct

differ, but the paradigm; also differ. One of the major differences

involves the nature of the interfering item. In the intratrial inter-

gt

ference péradigm; the interfering item consists of an additional stimulus

-

eve%t occurring on the same trial as the to-be-remembered ‘item, while. in
.)

human and primate STM and rat L®M interference paradigms, the inter- <2
fering item consists of/a complete trial(s) of learning. The use of
the intertrialinterference paradigm with the pigeon is an attempt to

eliminate this particular difference. By employing this paggdigm it

should be possible to move.closer to discovering whether interference
S e : . .

_effects*ftund in pigeon STM differ from interference effects found in' :

primagg'énd human STM and in rat LTM.




emploved. -‘In the interference condition, an initial timer-controlled-

centage of correct responses on T2 should be higher in the control

[ { £ -
- tion over the interference condition should increase as the delay on -

EXPERIMENT I

The purpose of the first é\periment was to investigate the erfect

f prior learning upon the retention of subsequent learning in pigeon

STM, using the intertrial interference patadigm. Two conditions were
- p -

DMTS trial, Tl, was followed, two seconds later, bv a second timer-con-

trqgled DMTS trial, T2. In the control condition, Tl was not presented
*«

-

and T2 occurred in isolation. If Tl interfer®s withT2, then the per-
p et

condition than in the.intetference con@ition.,‘ln addition, if PI

operates>1n this paradigm, t¥en; the superioriéy of the control condi-

€, 2 -

> 4 . - - . L -

T2 increases}ﬁg:- SR o . -
, . . .
Wigb!ﬁ the interference condition, the effect ©¥ the number of
. , : o o F

times Tl was presented upon T2 retention was assessed by presenting T1

1, 4, or 6 times. 1In r;t LT studies, increasing the degreequ learning
. - A -

of the interfering task increases the PI effect (Spear, Gordon, and
£ 7 :
Chiszar, 1972). ©Pn human STM experiments, PI effects reach asymptote
after 3, to' S items; the presentation of additional items does not
q .

qfﬁect the magnitude of the interference effect (Loess, 1964; Wickens,

©1970). Thefthree levels of T1 presentatian were included to determine -

»

whether Anterference effects in pigeon STM increase with increases in

L »
the degree of learning of the interfering task, and to determine whether
interference effects also reach asymptote iMgpigeon STM after some

limited number of trials.. -
‘

o
- R

An additional variable assessed'iﬁ'Eipm I was the method of

o
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" random factor was manipuléted within a spatial delaféd-response gfoblem,

" visual DMTS problem.” Tt seems reasonable to hypothesize that prior
-

determining the spatial position of3tﬁe correct side kev on Tl presen-

tations. Two methods of determining the position of the correct side
™

kev on each Tl presentation wer® used. In the random condition, the
position of thg¢ correct side keyv was randomly determined on each T1

presentation. In the fixed condition, the position of the correct

sidé kev on each Tl presentation was §;way§wihe same, this position
being the incorrect position on T2. The fixed-random factor in the
present experiment was the same as the fixed-random factor manipulated

by Harlow, Uehling, and Heglev’(lQBZ). Harlow et al. found that this
) * M o .

o

factor produced PI in primate STM. However, in their studv the fixed-

1 ~

while in thé present é§per1meﬁt this factor was manipulated within a

spatial information would intgrferé more with the retention of subsequent
spatial information than-with the retention of subsequent visual infor-

~ LN

mation. However, l.en though it is not essential to use‘spétial

information to solve the DMTS problem, pigeons may nevertheless sgore
.
and remember spatial information. The fixed-random factor was included

. [~ 2
to assess whether pigeons store, remember, and use spatial information

during DMIS and to assess the effect of prior spatial information on o

™ - r

subsequent performance.
Method ¢

Subjects. Ten Silver King pigeons served as Ss. The birds were -

fed ad 1ib. until their body weights stabilized. Each bird was then

reduced to 80% of {Es ad 1ib. weight and was maintained at that wéighc

_throughout the experiments.

v
’ )
. ¢ . .
. .
.
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..presented. These 3 pa&Ps of stimuli have peen found to be highiy dis-
4

o ‘ : : | | \

.AEEaratds: The experiments were comducted in 2 Lehigh Valley
. test chambers for pigeons, Model, 1519D. . Eech Chamber contained a ?ﬁ'

grain aperture and a panel on which 3 Lexq were hor1zontall\ mounted

spaced 2 inches apart. Hulti-stlmulas projectors, mounted behind

each kev, were used tO'present colors on the key * The nrogramming

L] = .n’

. ' g
of stimuli, delavs, and interdrial intervals was contrdllea by relavs-
R "

-~
-

- and timers which were activated bw a ‘paper-tape reader. Lehigh Valley

- - - -~
‘printing counters, Model 421-09, recorded and printed the choice made
’ 1 ' ; F oo
by’ the birds on each trial. ) :" -
< . [ N H

- Procedure. In preliminarv trainiang, the birds were shapé? to

o

peck a white center key to illumina® 2 white side kevs, a peck on

either side key producing 3 sec. of access to grain. Each animal then

-

began simultaneous matching-to-sample (SMTS) training. Five sequences
- *. $ :
of 48 trials e&Rh were constructed On eagh trial, 1 of 3 pairs of

stimuli [blue-red (B-R), blue-ye&low (B-Y), or green-red (G-R) ] was

criminable for the pigeon (Roberts, 197i). Far each of the stimulus

. L] .
pairs, one member was positive on half the trials and the}other member
4 ) ’ . P

k-1

was bosigive on the other half of the trials. Thus, 6 trial tvpes
were used (B+R, B+Y, R+G, R+B, Y+B, and G+R). Each trial type appeared

8 times on each sequence; om 4 of the trials the left side key was
correct and on the other 4 trials the right side key was correct. On

.9 ' ' -
each triaI the center key was illuminated with white light, 'and a

single peck on the white center key changed the center key color- from

white to either blue, green, red, or yellow. A fixed ratio (FR) of 2
was requfred qﬁ‘tpe coloreg center key (sample) on the first day gf
. - ' . - X

-




SMIS, and the FR was increased by 2 each day until an FR 20 was required.

s - .
Following the completion of the FR requirement on the sample stimulus,

w :
the 2 side keys were illuminated; one side key was tge same color as
ghe'sample,‘vhile the other side kev was the alternate. color of that
pa;ticui;r célor pair (the center key remained illu;inated until‘§ . .
pecked oné of tﬁ; side keys). A singie peck on the side key which
ﬁatéhéd the sampie_resulted in 3 sec. of reinforcement. Following a
correct side key choice a 10 sec. intertrial interval (ITI) intervened

.

befdfe‘the next trial began. A single peck on the side key which did

(-]

not match tﬁe.sample causgd a 6-sec. blackout to occur; following this

.

-

perio&, the sample and the side kevys-.were again illuminated (simultane-

ously) for a second choice. The bird could not begin a new trial until

-

a correct choice had been made on the previous trial.

After each S reached the criterion of 90% or bétter over a 5 day
period, the correction procedure was discpnéinued and the reinforcement
duration was lowered from 3 to 2 sec. Each S continued on this. proce-

dure until the.criterion of 90% or better over a 5 day period was again

« * '

reached. When 'this criterfon was met, the S was transferred to O-<sec. .

delay ‘DMIS. ' . . ' ..
s ,

The same trial sequences and procedure were-used for O-sec. DMTS

Bl

-

‘ as was used with SMTS, with 2 exceptions. First, the sample stimulus °
was terminated ﬁust before the side keys were pregented. Second, on

half of the trials the sample stimulus was illuminated for 6 sec.

regardless of how many times S pecked the sample (timer-comtrolled o

trial). The other half of the trials continued to be under the control

of an FR 20 (peck-controlled trial). Bach § continued on thié’procédure




until the criterion Qf 85I or better over -a 5 "dav period on timer-

controlled trials was réached. When this criterion was met, § was
\
transferred to multiple-delay DMIS..

The trial sequences and procedure for multiple—delay DMTS were

the same as the tr1a1 sequences and ﬂ.ocedure used for O-sec. DMTS :

k‘
except that a delav of 0, 2, 6, or 10 sec. intervened between the

termination of thé sample and the illumination of the side keys. Each

L 3
delay occurred 12 times on each sequence, 6 times on peck-controlled
. : ’
trials and 6 times on timer-controlled trials. Each'S was run under

- this procedure for 20 days. Following the 20 days, all Ss were trans-
ferred to all timer-controlled trials. The only change in procedure

>

was that all triels were timer-controlled and the sample exposure dura-

tion was lowered from 6 to 4 sec. Each S was run imder this procedure

for 10 days. . ~
Following DMTS training, t4stlag on Exp, I began. The timer-

controlled DMIS task was used with delays of O, 2, 6, and 10 sec: The

¢

) ighly discriminable combinations of side key calors (B-Y, R-G, and

,Z
- am”

~‘\

B-R) were used. 'Two mein conditione were employed; an iﬁt@rference
condition and a control condition. In the interference condition, 2
timer—controlled DMTS trials Tl and T2, were presented in immedia;e
succession. On T1, the center key was illuminated with white light.
A single peck on the white'center key produced the sample stimulus,
which wes preseeted for 4 sec. The termination of the sample stimulus
was followed immediately (i.e., O-sec. delay) by the illymination of’
the 2 side keys'w;th matching and nonmatching colors.'“A single Peck

on the matching stimulus resulted in a 2-sec. vreinforcement, while a

L

- o




A

Q . - ' . ]

single peck on the nonmatching stimulus resulted in a 2-sec. bléckouc.

- LY
Immediately following the 2-sec. reinforcement or the £-sec. blackout,

the center key was again illuminated with white light. tsingle peck ¢

on the white center kev produced the sample stimulus of T2; the sample

~ being presented for 4 sec. The sample stimulus on T2 was alwavs the

member of‘t@g color pair which was incorrect on Tl.. For example, if

the color pair R-G was being tested and the cojor of the sample on Tk

was red, then the sample on T2 would be green. .Following the termina-
[ 4

P .
tion of the T2 sample, a delay of 0, 2, 6, or 10 sec. occurred before

O

the side keys were illuminated'with matching and nonmatching¥colors.

-~
- L4

The nbnmatching stimulus on T2 was. always the same color as matching
' , N S

. O, - y
"stimulus on Tl, and the matching stimulus on T2 was alwyays the same as

4

the nonmatching stimulus on Tl. In the control condition, \Tl was not

presented and 12 gccurfed in i;olhtiqn. A 45 sec..interconditiop
interval (ICI)-occurred following all T2 trials in botH ;he interference N
and control conditions. The types of trials generated by combining the :
interfe?ence Qérsus qoétfo& factor and the.;olér éombinatlons fadtor
are preééﬁted in Table 1.. . . .

| Wichiuaéhe incerfgrence conéiQion,‘the interfering trial, Tl, was
pre;ented 1, 4, or 6 times before the T? sample stim;lug wag presented.
Each T1 presentation’iamediately followed the 2-sec. reinforcement or

the 2-sec. blackout following the side key choice'én the previous Tl

trial. Within each of these 3'inteffergnce condition§=(1, 4, and 6 Tl

O

ﬁreggntations), 2 methodg of détermining the correct side key position

on each Tl presentation were used; the randof method and the fixed ¢

L
*

method. 1In the random method, the position of the correct side key on




The types of trials used in Exp. I

Ly

Table 1

¢
o3 Interference Conditionm Control Condition
Trial Stimuli °  Delav Stimul{ *  Delay
T1 B 0~ ‘
: B+R :
. <4 N f
T2 % R 0,2,6,10 R 0,2,6,10 ]
R+B oo R+B ;
»
Tl B o !
B+Y , .
12 Y 0,2,6,10 Y "0,2,6,10
Y+B Y$R
1 R c
R+G :
. N c
T2 G .0,2,6,10 o 0,2,6,10
. G+R oo G+R
[N - ' . ~
T1 R , 0 v
- R+B .
t2 B. 0,2,6,10 B 0,2,6,10 )
' B4R B4+R
T1 Y 0 ’ ,
- Y+B . <
T2 ) B 0,2,6,10 B 0,2,6,10
BHY . BY g /
o7l "¢ 0
- GHR :
. . _
T2 R" 0,2,6,10 R 0,2,6,10
R+G ‘ R¥G -




_each Tl presentation was randomly determined, within the limits of
: il

.

"the following restrictions. 1In the.l presentation of Tl condition,

» . . 5

the right kev was correct on 50% of the trials and the left key’was
correct on 507 of the trials, and the correct side on Tl was the cor-

rect side on T2 on §OZ of the trials~w=snd the incorrect side on the

other 507 of the trials. 1In the 4 presentations of Tl condition, the
right key was correct~twice and the left kev was correct twice githin

each sequence of 4 Tl trials. 1In the 6 preseétations of T1 condition,

the right key was correct 3 times and the »eft key was c%irect 3 times .
within each sequéhce of 6 T1 trials. Within the limits of the above ¢

restrictions, the position of the correct side key on each T1 ?resen:'

-

tation was determined by appeal to a table of random numbers. In the

fixed method, the same position was corract on each Tl pjiesentation,

-

and this position wgs the incorrect position on T2. 1In the 1 pnesen{‘

tation of Tl condition, the correct positioﬁ on Tl was alﬁeys.the

incorrect position on T2. Combining the 3 interference conditionms

-

with the 2 methods of determining theAposition of the correct side‘
key on ;ach Tl pregentation (randgm—fixed) yields 6 different inter-
-ferenée conditions. In Table-Z, an example of a t;;al from each of
the 6 interference condifions and the 1 control comdition is éresented.
A total of 144 di%ferent 1n§erference trials were used (6 color
combinatiogs i 3 T1 presentation levels x 2 positions’of_the correct
side Key on T2 x 4 delay; on T2 = 144). On.72 of these 1nterférence.
trials the random method of.determdning the position of the correct
side key on T1 presentations wag used, while o the other 72 trials

the fixed method was useds A total of 48 conttol trials were used

-4. ' . \ .
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An example trial
9

Table 2

-

from each of the seven conditjions in

-
-

. Exp. 1
-Inte!gerence Condition " Control Condition
1 Presentation 4 Presentations 6 Presentationhs -
R . F R F. R - F ' .
* . ~ N
R R R R R - R )
R+G GR+ R+G GR+ R+G GR+ _ .
R’ R R R, . -
R4+G GR+ R+G CR+ o
R R R " R . ; .
GR+ GR+ GR+, = . GRx
R R R _ R
GR+ GR+ R+G «  GR+
R R
‘ GR+ GR+
R . R .
t GR+ GR+
. ‘/_\ !
G G G ., G e G G
G+R GHR - G+R “G+R GHR G+R G+R

A

R * random determination of position of correct side key on Y

présentations

F = fixed geterminaiion.of positi@n of corfect side key on Tl

presentations

)




£l

.

o

(6 color combinations x Z positions of the correct sidg\fey om T2 x

4 delays on T2 = 48);> )Aus, a total of 192 differeﬁt trials.,were used.
- M . 5 N

Twelve sequences of 16 trials each-were constructed. Of the 16 trials'

'3 ™ N -

per sequence, 4 were drawn from eath of the 3 pte§eqtation levels

within the interference condition and 4 were drawn from the control

condition. Of these 4 trials, 1 trtal ¥as drawn from each of the 4

,delays. ¥Tach bird received each of the 12 trial sequences and each

L

of the 192 different trials once in a 12-day bloek. The experiment,

- .

.
¥

was run for 2 blocks of 12 days (idldayg).' C o~ ‘.'f

Results and Discussion ) .

‘SMIS. The mean numser o£ days to 'reach the criterion of 90 or
better ovef a 5 day period was 12.4 days.v At tﬁis.point Ehe co}rection
procédure was di;coﬁtinued and tﬁe reinforégmenc duration was lowered
from-3 to 2 sec. All iO birds again réached tﬂe'criterion, 90% or
better over a 5 day pe;iod, in 5 days. Hence, the removal of'tgé cor-
recﬂioﬁ procedure'an& the reduction in reinforcer magnitude did not

appreciably affect matching ﬁerforﬁance.
£. _ ‘
DMIS. The mean number of days to reach the criterion of .85% or

better over a 5 day period on O-sec. DMTS was 6.0 days. The rapid

-

gcquisition.of O-sec. DMTS ifdicatles that there was%a high degree of

positive transfer from SMTS':O O-sec. DMTS. Following O-sec. DMIS
training, the birds were tiransferred to multiple-delay DMTS. The 4
deiays used were 0, 2, 6, and 10 sec. Half of the ttialéwwere peck—

controlled and the other half of the trials were timer-controlled;

the sampie presentation timd (PT) on timer-controlled trials was 6

3




a0

sec; On the twentieth and finaltgay of this procedure, the percentages,
of correct responses at the 0-, 2-, 6-, and 10-sec. delavs were 90.0,

81.7, 73.3, and 78.3, respectivély. These percentages refer only to

timer-controlled trials. Followiﬁé'this 20-dé§,per@od, the birds were
. . ) ° . L3 .ﬂ .
transferred to all timer-controlled trials, and the PT was reduced 5

from 6 to 4 sec. All birds were run under this procedure for 10 davs.
On the last 5 days, the percentages of correct responses at the 0O-, .2-,
6-, and 10-sec. delays were 89.1, -76.8, 69.1, and 66.4, respectively.

This last phase concluded preliminary training.
h}

Experiment I. A comparison between the Control Condition and the

® .
Interference Condition (collapsed across Tl presentation levels-and the

fixed-random factor) is ﬁresented in Fig. 5. Each point on the control

curve ‘is based on 240 observations (24 observations per bird x 10 birds
- ZAD),:ang each point on the fhterﬂirence curve i; baseé on 720 obser;
va;ions (72 observations per.bird x 10.birds = 720): Boih‘delay and
conditions>strqng}j.inflgenced retention. The Contrél Cohdition.had

a higher percentage of correct T2 responses than did the Interference \

Condition at each delay. This finding demonstrates that T1 did, inter-

’ -

fesr with T2, 1In gddition, Ehe‘curves éiverge over the first 6 sec.

and then converge at the‘lo-sgc.'delay.~ The difference between fﬁe.
.Cdn;rol'and‘Inté}ferencé Conditio; at the O;, 2-, 6-, an; 10-sec.
delays, in percencage terms, was 10.1, 17.1, 23.1, "and 9 L'respectively.

Hence, PI seems to be operating in pigeon STM, at léast over the first

6 sec., since prior learning, Tl, increased the rate at which subse-

7 . '.. L

quent learning, T2, was forgotten.*

< o=

A Ss x Delay x Conditions x Blocks of Days Ahalysis of Variance

%

*For a discussion of the ceiling effect problem see Appendix XLII.

- .
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Figure 5.

-

Retention curves for the Interference Condition (collapsed

. 0 ’ )
across Tl presentation levels and the fixed-random factor)

and the Control Condition in Exp. I. V ‘

, o
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(ANOVA) was performed on the data presented in Fig. 5. This analysis

° - _
revealed significant effects of delay and of conditions, p < .00l in
both cases. The effect of blocks of davs was not significant, p > .05.
The only*ﬁnteraction to reach significance was the Conditions x Delay

interaction, p < .0l (see Appendix I). This.interacgion indicates

that.TZ retention was differentially affected by‘ﬁelay in the 2 condi-
tions. 1In order'to determine whether the’r e of forgetting over the
éirst 6 sec. was faster in the Interference Condition than in the
Conﬁrol Conéition, a Ss x Delay x anditions_x‘ﬁkocks of Days ANOVA

was performed on the data excluding the.lO-sec. delay. This analysis -

P 3

revealed significant‘effects‘pf'delaﬁ'and of conditions, p < .00l in

both cases. The only other sigﬁiﬁfbagt term was the Conditicns x Delay
_interaction, p < ..01 (see Appendix II). Thus, the increase in the
magnitude of the interference effect as the-retention.interval‘increased

from O to 6 sec. was statistically reLiéble, anA, therefofe, a signi-

ficant PI effect Qas demonstrated-over the first 6-sec. of delay on T2. .

~-

Retention curQes for the 1, 4, and 6 presentations of Tl levels
A I

and the Control Condition are presented in Fig. 6. Eaca~poidt in Fig.

6 is based on 240 observations (24 observations per bird x 10 birds =

240). Both delay and conditions strongly influenced retention on T2.

An interference effect was obtained in each ptesentsiion of Tl level ¥
» . i

since the Control Condition was superior.to each of thg Intesference

~Conditions at each delay, with the exception of the equality of the

+

Control-and the 1 presentation of Tl Conditions at the 10-sec. delay.
‘ &

he 1 and 6 presentations of Tl levels showed similar effects of T1

. upén T2 retention. In each of these 2 conditions, the rate of foréetting




°
-

Figure 6. Retention curves for the 1,‘4, and 6 presentation of T1

levels (collapsed across -the fixed-random factor) and

»

the Control Condition in Exp. I.
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A

of T2 was greater over the first 6 sec. than in_the Control Céndition.
In both of these Interference Conditions, the retentioﬁ of T2 was
better at the 1l0-sec. than at the 6-sec. delay. The curve for the &
presentations of Tl did not pa%allel the curves for the 2 othgr’Inter-

ference Conditions across all 4 delavs. The 4 ‘presentations curve

paralleled the 1 and 6 presentatfons curves for the first 2—§éc. of .

T2 delay, then, unlike the .l and 6 presentations levels, the 4 presen-

»

tations level showed almost no forgetting of T2 over the next 4 sec.

At the 10-sec. delay, the level of T2 retention was lower than at the

é~sec. delay; again, this finding dfd not follow the pattern of the

-4

other 2'presentation levels. Hengre, the interpretation of the effec¢t -

of the number of times Tl was- presentedqg;on T2 retention was com-

plicated by the fact that the 4 presentations level differed qualita-
tively from the other 2 presentation levels. However, comparing the

1 and 6 presentations levels, increasing the number of Tl presentations
Q N . B
lowered T2 retention, and thus increased the interference effect, by -

a relatively bonstant-amount‘scross T2 delays. ,

A Ss x Delay x Conditidns (1, 4, 6 pregentations of Tl, and con-

-

trol) x Bloéks of Days ANOVA was performedcgn the data presented in

*

Fig. 6. The main effects of delay and of conditions were significant,
p < .001 in both cases. The main effect of blocks of days was not

significant, F < 1. The oply interaction te reach significancé was

L . > . -
the Delay x Conditions interaction, p < .001 (see Appendix III). The

L]

Delay ¥, Conditions iﬁteraction was produced by the differential rates
o, . . \ . N a

of forgetting of T2 .across delays'as a function of conditiomns.
. a [~

- s N

- -~In order to further examine the effect of the number of Tl

,u




v . ~

‘presentations upon T2 retention, ANOVAs were performed comparing each
_éf the Tl presentation levels with the Control-Conditihn. The control
_versus l.presentation ANOVA reVealeé significant effects of delay, .
P < .001, and of conditions,.p ¥ .01. The Delay x Conditions inter-
. action was also significant, p < .Qﬂl.‘ All other effe&xts were non-

significant (seé Ag?endix IV). This analysis indiéates that the rate

of T2 Eorgetting as a funéticﬂ}of delay was affected by 1 presentation

’of Tl. To deFerQine whether the increasg in the magnitudé of the

‘interference effect over the first 6-sec. of T2 ‘delay was statistically

reliable, the above ANOVA was repeated excluding the 10-sec. delay
data. The Delay x Conditions interaction was again significant, p <.
i

.001 (see,Appendix V). Thus, a-signifisant PI effect was demonstrated
. o 3 -
- >
when Tl whs presented onky once. N
-~ i . . -~

The control versus 4 presentations ANOVA revealed significant

effects of delay and of.eoﬁditions, P < .001 in both cases.e* The only
othe;i§ignificant effect was the Delay x Blocks -of Days interactioﬁ,

' 2:< .05 (see Appendix VI). This interactibn was producedvpy a much
- . . ) A=Y ) - <.
higher percentage 8f correct T2 choices ‘at the 6-sec. delay;in the

s

" second hlock than in the first block. On the basis of this analysfg;.
it may be concluded that presenting the interfering trial 4 times

intérfered with°T2 resention, but that it did not reliably alter the

tourse of T2 forgenting across all &4 delays. . . . . !
; .. . N
The control versus .6 preseatations ANGVA revealed-significant

. . L ]
effects of delay and of conditions, p < .001 in both cases. The only

-

’ othg;.teQm to reach significance was the Delay x Conditions interac-

tion, p < .Oli(see Abpeﬁdix VII). As in the 1 presentation éoadition,

’ »

ol » . v o ".‘3, . . ‘{
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e

- L .
the ANOVA was again run, this time-excluding the 1l0-sec. delay data.

The Delay x Conéitions interactiom was significant; p < .01 (see
Appendix VIII). Therefore, a significant PI effect was demonstrated
at both the 1 and 6 preseniations of Tl levels. . - -

~

In addition to the above analyses, selected comparisons were
. - . & N

. N .
made using t-tests. First, as shown in Fig. 6, the retention percen- !

tages for the 6 presentations conéition at the 6-sec. delav and for
the 4 presentations condifion ;t the 10-sec. delay are both below
chance (50%), 40.8 and 44.6, respectively. At the 6 pt;sgntatio;; 6~
sec. delay, 9 of 10 birds scoréd below 502 apdvat the 4 présehtations
iO-sec. délay, 8 of 10 bifds scored below 50%. Both peréentage§ ;gre
found to be significantly below 50, p < .001 (see Appendix I1X). Thus,
ﬁnder certain combinati;qf of Tl presentation levels and of delay, '
the birds responded significantly more often on the basis of the prior
memory, Tl, than on the basis of the current memory, T2. Second, the
rise in the retemtion curves from the 6~sec. to the 1l0-sec. déiay in
the 1 and 6 presentations cond%tidhs was tested by means Of'EftEStS.
The'riﬁeAi; the l-presentation durve was significant. at the .00l level
and the rise\in the 6-ptesentations‘curve.was significant at the .01
level (see A;pendix IX). goth effecta w ce highly conmsistemt with 9 ¢
o% 10 birds and 8 of 10 birds showing beZtér refeniioy at the 10-§ec;-
than at the 6-sec.’helayu1n the 1~ and 6-presentations cohditions,
resSecsivelyay The -3 excé%tigna all involved cases' of ﬁo difference;

. . .
no bird showed Better'reteézion at the G-Beg. than ‘at the 10-sec.

- ! : . .a

delay ir either the 1+ or 6-presentations conditions. Thild, although

the 4-presentations ANOVA indicated that this condition did not reliably

\ .
¥ .o

A .




%

.the 4-presentations Condition retention. This difference in the

a : 9
a{tép the rate Sf T2 forgetting across all 3 delays, it is poss&ble
that more intérferénce Qas obtained on the 2-, 6-, and 10-sec. reten~
tion tests than on the iﬁmediate retention -test. On the immediate

¢ - PR Y : -
retention test, the Control Condition retention‘'was 13.3 percentage

» . N ' .
points higher than the 4 presentations Condition retention. On the

&

delaved retention tests, €2, 6, and 10 sec.), the Control Condition

. . .
retention was, on the average, 20.I percentage points higher than

- -

magnitude of the interference effect on the immediate and'delayed.

retention tests failed to reach significance, p > .1 (see Appendix

IX). However, the increase in the magnitude of the interference effect

-

from 0 to 2 sec. (13.3 to 23:8) was significant; p < .05 (see Appendix.

IX). Thus, presenting the interfering trial 4 times did result in a

significant PI effect over the first 2 sec. of T2 delay.
The data were further analyzed with respect to the fixed-randem
method of determining the position of the corfebt side key oﬁ each T1

presentation. In Fig. 7 the percentage of correct choices as a function

of delay for the Contro%a Fixeé, and Random Conditions are shown.- The

data for the Fixed and Random Conditions were collépsed,across the pre- =~

sentations of Tl factor. Each point on the control curve in Fig. 7 is ’ j‘ .
based on 240hobservat£ons (24 ob;efvations per bird x 10 birds = 240),
and each point on the fixed and random curves is based on 368 observa-

. ° v

tions (36 observations per bird x 10 birds = 360). ‘Interference effgcts

° .
were evident in both the Fixe d Random <Conditions. however, the

‘rate of'reteption loss on T2 was faster in the Random andition than

-

in the Fixed Condition. 1d addition, the Fixed Condition demonstrated

o - o




r

Figure 7, Retention curves for the Fixed and Random Conditions

(collapsed across Tl presentation levels) and the Control e

Condition im Exp. I. *
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a siight drop id retention f;;m the ‘6~ to ﬁhe lO—sec.'delay, whi}e tﬂﬁ
Random Condition shded a sizeable increase in retention over the same
period. A Ss x Delav x Conditions (control, fixed, random) x Blocks
of Davs ANOVA revealed significant effects of delav and of conéitions,
P < .001 in both cases. The effect of blocks of days was not signi-

ficant, F < 1. The Delav x Conditions interaction was the only

interaction to reach significance, p < .0l (see Appendix X). This

analvsis indicates that the level of T2 retention was affected by the
conditions factor and that the rate of retention lgss on T2 was also
differentially affected by the conditions factor. & stronger PI

ef?ect was evident in the Random Condition than in the Fixed Condition.
The magnitude of the interference effect (control percentage minus >
interference condition percentage) over the 9-, 2-, and 6-sec. deldys
was 11.2, 16. 9 and 18. 8 for the Fixed Condition and 9. 0, 17.2, and -
27.4 for the Random Condition. Thus,‘while‘Poth cqnditions demonstrated
a PI effect over the first 6-sec. of delay on T2, the PI effect was '
stronger in the Random Condition. The statistical reliability qf the

difference between the‘Fixed\and Random Conditions was tested bv means

of t-tests between the 2 cond{tions at each delay. The difference

* between the conditions at the 0-, 2-, and lO—secjiﬂelays were not sig-

nificagt, p > .1 in all 3 cases. The sUperioriéy of the Fixed Condi-
tion over the R;ndomQCOQAItion_at the 6-sec. delay was reliable, p < .01
(see Appenaix XI). 1It.may be concluded from these statistical g;;ts

‘. -
that the fixéd—raﬂq%? factor only affected T2 retention at_the 6-sec.

retention interval, with the Fixed Condition having a hiéher percentage

of correct responses than the Random Condition. The overail effect




s .
.

-

A
h

;as produced bv the 1 and 4 presentations oerlnlevels{ in the 6 pre-: :

sentations Condition, where the fixed-randem factor should have the .
strongest effect, the Fixed and Random Conditions did not differ at

N

the 6-sec. delay.
Retention curves for the Fixed and Random Conditions are plotted
separately for each letgl of T1 bresentgtions in.Fig. 8. Eth point
on the fixed and,raﬁdom curves is based on 120 obs;rvations (12 obser-‘
vations per bird x 10 birds = 1205, and each point ®n -the control
curves is based on 240 observatioms (ia observations per bird x 10
birds = 240). 1In the 1 presentation of Tl condition, the fixéd Con-
dition prodd?hd.lqg§>in:erfgrence éhan the Randoﬁ Condition. Further-
more, the superiority of the Fixed over the Rindom Condition ipcreased
over the first 6-séc. of T2 deiay, and then decreased slightly at the
10-sec. delay. Iﬂ‘the 4 presentations of Tl condition, the effect of
the fixed-random fgctor was Iess‘clear. The Random Condiﬁion was
slight%y superior at the 2- and 10-sec. delays, while the Fixed Condi-
tion was slightly superior at.the 6-sec. delay. In thé 6 presentations
of Tl condition, where the fixed-random factor would be expected to have
the stroﬁgsgﬁ/jff;ct, the Random Condition was qupérior to.thé?&xed,
Condition at the 0; and 16vsec. dela&s, 5ith the 2 conditioné showing .
i}ttle giffereﬁ;e at the 2~ and 6-sec.s delays. ™
A Ss x Dela§ x Conditions if#;ed,_fandom) x Blocks of Days ANOVA

-

waé perfofmed on the data within each T1 presentation level. The 1-

presenfhtion ANOVA revealed significaﬁt effects of delay, p < .001,

and of conditioé%, P : .0l. . The effect of.blocks of dqjs wag not

significant;_ﬁ > .05. None of the interaction terms reached significance
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8. Retent}on curves for the Fixed and Random Conditions at

. . N
each level of Tl presentations and the Control Condition

in Exp. I.
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(see Appendix XII). The & presentations ANOVA revealed a significant

. effect of delay, p < .001; the effect of conditions and of blocks 'of
LT
days were not significant, p > .05 in both cases. Two of the inter-
acq.pn terms reached siéniﬁicance; Delay x Blocks of Dayvs and Conditions

oy X Blocks of Days, p < .05 in both cases (see Appendix XIII). The

Delay x Blocks of Davs interaction was produced by a higher level of

retention at the 2-sec. deiay in the first biock than in the secondl

blogk. The Conditions x ‘Blocks of Days interaction was proddced\gf

the fact that in the first block, the Fixed and Random Conditions

- differed greatly at the 6-sec. delay, but not'at the 10-sec. delay.’
In ehe second block, this finding was the ieverse, the 2 con&itions

did not differ at the 6-sec. delay, but differed greatly at the 10-sec.

.
. -~

delay. The 6 preseq;dgions ANOVA revegled significant effecty of delay,
p £ .001, and of blocks of ‘days, p < .05. The effect of conditions

was not significant, p > .05. -None of the interaction, terms reached

4

-significance (see Appendix XIV). The significant blocks of days effect

-
~

was produced by a higher level of T2 retention at the 2- and 1l0-sec.

.
%

delays in the second block than in the first block.

- / . .
. The effect of the fixed—ranQom factor within each of the Tl pre-

sentations levels was further examined by performing t-tests between

the Fixed anUPRandom Conditions at each delay. Of the 12 comparisons
) >

made, 10 were not eignificént; P> il in all cases. The 2 sigﬁificapt
differences between the 2 conditions occurred at the 6-sec. delay in

the 1 presentation of Tl condition and at the 10-sec. delay in the 6

presentations of T1 condition,lg < .02 in‘both cases (see Appendix XV).

~

The results of the ANOVAs and the ts re;:;IZE‘thag\EEe fixed-random

.
Yo

-




g

» .
&

factor had a relatively weak effect upon T2 retention. In addition,

the effect of this factor upon T2 retention varied as a function of

the level of TI presentations.. The strongest effect of the factor
’ - L}

was obtained in the'l présentation conditionm, where fixed determination

of the correct side key position led to Bétpef T2 retention than ran—
dom determination. In addition, the superiority of the Fixed over

the Random Condition increased over the first 6 sec. of T2 delav, and

then remained relatively constant or slightly declining. This finding
could be accounted for by proposing that following the choice of side

A on T1l, thé bird has a tendency not to select side A again on T2; and -

.

that this tendency increases, up to a point, as a function of T2 delay.

. =3 . .
In the & presentations condition, no reliable effect of the fixed-

random factor was obiained. In the 6 presentations condition, the

' Fixed Condition may result in greéter interference on an immediate

re;eﬁtton test and reliably produces greater interference on a 1l0-sec.
delayed retention test.
- o
Smveral conclusions can be drawn from the results of the first .

experiment. First; a reliable PI .effect, over the first 6-sec. of T2

éelay, was produced using the intertrial interference paradigm. Second,
. </ .
a reliable PI effect was obtained over the.first 6%ec. of T2 delay
. 'S

when the interfering trial was presented eithér 1 or 6 times, but

when it was presented 4 times,-PI w8s found only over the first 2-

sec. of T2 delay. +The reason. for the difference ‘in the PI effec; in

-

the A—preséntations Condition as opposed to the 1- and 6-presentations

Conditions 1s unclear. Third, the effect of increasing the number of

-

" times the interfering trial was presented, from 1 to 6, was to decredse

~




performance‘by a relatively constant amount across T2 delavs. Thus,

e ) . .-
" the magnitude of the PI effect was not affected by the number of Tl
presentations. Fourth, the effect of the method of determining the

correct side kef position on Tl presentations wa$ relatively weak.

L

In the 1 presentation Condition, fixed determination was superior to
~y ’ .
- random determination; and the superiority increased over the first
6-sec. of T2 delay. 1In the 4 presentations  Condition, the fixed-

random factor produced nco reliable diffarences. In the 6 presenta-
A

tions Condition, the Fixed Condition produced more interference than

the Random Condition at the O- and 10-sec. delays on T2.




P EXPERIMENT II

of having the correct stimulus on T1 appear or not apﬁear on the T2
recognition tegt. Hawkins, Pardo, and Cox (1972), investigating PI

in human STM, did obtain a PI effect when the incorrect alternatives

on the recognitien Xest were items which had been ﬁreviously presenfed, -

but éid not obtain a RI effect when the incorrect alternatives were’
L 3

items that had not been \previously presented. However, two other -

k!

studies, Petrusic and Dilbdon (1972) -and Dillon and Petrusic (1973),

~

have found no effect of the\type of incorreef’;lternative employed
) Yo : ‘ .
on the PI effect in human short—term recognition memory. That is, a

Pl effect was obtaine? both when previously presented items- were used -

]
» !

as incorree: altetnatives and when new items were used as ing¢orrect,

alternatives. This same result has also been obtained by Gorfein and

v

Jacobson (1972) who QBdhluded that "... whatever prior items 5; to

. produce PI, having them present as recoghition aliernatives has no

specific influence on the likelihood of an error” (p. 214). *®

Grant and Roberts (1973), investigating intratrial interference
= ' . ) .
in pigeon STM, failed to obtain an interference effegF when a stimu-
- . [

lus, wbieh had not préviously been presented on that trial, appeared

. »

on the récognition testMlong with the correct stimgfﬁs. They con-

cluded that ffterference effects are the product of competition:

‘

between conflicting memories rather than the product of encoding or

storage failure.:

’

The ﬁresen; experiment emplbyed two main interference conditigms. K

-
-

In phe samﬁle present (SP) conditiop, the’sample stimulus on Tl was

.




G Subjects. Same as in Egg? L. _ ‘\ ;

‘ -

the incorrect stimulus on T2. In addition, the {ncorréct, color on

Tl was the correct,eolor on#. Thus, in condition SP, correct and
k] ’ ”

~

incorrect colors on- &} were reversed on T2. In the othar inter-
L \ .7 -

ference cogdition, the sample absent™ (SA) condition, the sample

. - .

stimulﬁg on Td did-not appear on the T2 recognition-test. Within

the SA condition, three subconditions can be differentiated on the.
. : “

basis of what role the inc¢orrect ¢olor on Tl plaved on T2. In sub-

condition A, the incorrect color on Tl was the incorrect color on T2.
>

In subcondition;B, the incorrect color,on Tl was the correct color on

. o
L]
T%, In subcondition €, the incorrect cQlor' on Tt did not appear on

<

the T2 recognition test. Thus, 1f having the Tl sample stimulus pre-

sent, and incorreét, on the T2 recognition test is the critical factor

-

responsible for producing PI in pigeon STM, then one would expect PI

in the SP condition, but not in the SA conditionm. “1f, however, PI is

* K \

demonstrated in Both Eﬁé}§? aﬁd_SA conditions, then some factor other

o
. 2

than the presence of the Tl, sample must be respi’iible for producing

A}
o . . ”

P} in .pigeon STM. -

-~
—

If we assume that some inhibition against ‘choosing the incorrect
. ;G-imulus on Tl’bui‘l&s pp\on TY, . then the SA subconditions would be
2 3 Fd

expected to gdiffer with respeft to the percentage of correct choices

L 4

®on T2. Specifically, wé would expect A to have a higher ggrcentage

of correct choices tﬁan C, and C to have a higher percentage of cor-

Y

rect choices than B (i.e:, A 2¥e > B).
Method ‘ : - s
. . - - l . . .

uw e -
i

1

g .- Apparatus. BSame as in Exp. L:

. ' . .Y e e . .

v e




Procedure.” Three conditions were edmploved; 2 interferencé con-

" L3 . “»
ditions and @ control condition. 4n both interfevenc® conditionms,
. @ : , ’ ‘ :
the interfeg}dg trial (T1) was presented once. Immediatelw following

the 2-sec. reinforcement or the 2-sec. ITI followfng the sjde key - e
. < [

choioe ot T1l, T2 was presented. 1In one intesference conditiod, the Tl
saftple stimulus‘was the incorrect stimuius:qn,TZ. Th;s condition
will benreferred to.as tho sémple prese;t oi SP condition. In the
other interference condition, the-TI sample %timulus did not ap;ear

&

on the T2 recognition test.. Thds condition will be referred to- ap‘ "

the Sampleé absent.or SA oonditioq. In the control dbndition, Tl was
) - - 8
not presen;ed and T2 occurred in i§olation. The types of trials used

ﬁ

:in Exp. 11 are presented in Table 3e, Qéacan be seen in Table 3, 3 ) <

o R
subconditions can be differentiated within the SA con;\?iﬁo on Ehe .

’ ~

basis of what role the incorrect color on 11 assumes q& T2. 1In' A,
\ - -
theuincorrect color on T1 %as the incorrect color on T2. «In B, the o
L] € - - -
*incorrect coior on Tl was the correct cdlor on T2. In C, the incorrect
~ \ *

- .-

color on Tl did not appear 6o the T2 recognition togt. . L ,}‘

- . . ~
- . »

A -total of 144 different trials’'were used (3‘conditions x 6 color

combinations x 2 positions of the correct side key" oh T2 x 4 delays on

-~ -
] - o
» -

T2.h 144). (Note: the-position of the correct ?1de key-on Tl was

* e

randomlj'determined.-*Therefore, on half of the interference trials

the same position was cosrect on Tl and on T2, while on the other. .

. . -

half of the interference tridfo opposite positions were correct on.Tl

and on T2). .Foyr trial sequences of 36 trials each were constructed.

Twelve trials were drawm from each of the 3 conditions; 3 of the 12

trials were draim from each J' the 4 deiays. Each b?td received each

w
? P S >




ﬁ
- . N . : .
¢ -
. b
Table 3
- The types of trials used in Exp. II. - . v
> ,"‘-
: Tria]'. Sample Present (SP)- Sample Absent (SA) - Comtrol
Stemuli Delay  Stimuli '-an 3 Stdmuli Deldy
. ) > . =
T1 . B -0 v Y 0
" ‘%3 Y48 *
T2 - 0,2,6,10: R 0,2,6,10 R '0,2,6,10 ]
) R+B - > R¢B ~ R+B '
£,
T1 B . 0’ R 0
BAY RHG .
. : Y 0,2,6,10 Y 0,2,6,10 .- Y 0,2,6,10
Y+B . Y+B ‘ Y+B
Ton R 0 , B VI ‘
R+G ' Y B+Y c q -
T2 0,2,6,10° G 0,2,6,10 . G 0,2,6,10
) R - 7 GHR g - G+R -
a ! & .
: T1 R 0 ce 0 _‘ ’
B R . AR A ..
T2 “+ 0,2,6,10 B  0,2,6,10 B 0,2,6,10
. B+ B+R .- B4R '
* !/ [ ‘av
B . — S 3 [ T 3
. T - Y. 07y R 0 . .
Y+B | ) R¥B .- . : !
. T2 0,2,6,10 B . 0,2,6,10: B %,2,6,10
. B+Y - BHY B+Y
O - ] -
nf c ~ o . " . B. 0 :
a ;G“"R : ° B4R B . * e ’ e "
12 . R 0,2,6,10 R 0,2,6,10 _ R 0,2,6,10 '
R+G ¥ . MG . R+G , ’
» - 3 . L N ‘ - . ~ .
> . A
¢ . - o
- ¢ £ » . .
N .
. ° . -
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of the 4 trial sequences and each.of the 144 differemt trials once in

a 4-day block. All other aspects of the procedure were the same as

in Exp. I.

=

.

.

Results and Discussion -

[8

Retention curves for therSample Present (SP), Sample Absent (SAY,

and Control Conditions are shown in; Fig, 9. Each reint #n Fig. 9 is
. [}
- - ~ [ » .
based on 360 observatipns (36 observations per bird x 10 birds = 360).

The difference between the Control and SA Conditioa (control percen-

tage minus SA percéhtage) at the 0-, 2-, 6-, and l0-sec. peléys was

-2.8, 2.8, -1.4, and 1.4 respectivelv. Thus, no interference effect
.- L ,

te

was evident in the SA Condéiion. The .difference between the Control

.
Al

and SP Condition across delavs was 3.3, 16.9, 1.9, and 5.6, respec-.

. ‘ .
tivelyv. Thus, an interference effect was"obtained in the SP Cond?tion

e

since the Control Condition was superior to the SP Condition at each

delay. Further, a PI effect was evident,. over the first 2-sec. of .

-
.

delay, incthe gf Conditioﬁ. ,Thé reason for not obtaining a PI effect
over the first 6-sec. of T2 delav, .as was ogtained in Exp. I, 1is

) . )
unclgag.

A Ss.-x Delay x Conditjions x Blocks of Days ANOVA-was performed'
on the ‘data in Fig. 9. The'ANOVA revealed significant effects of
delay, p < .001, a;? of conditions, p < .0l. The only other siéni:
ficant’ term was the Delay x Conditions 1nteraction,‘2 < .05-(see
Appeﬁdix XVD)., This analyéis iﬁdicates that thé T2 retentién fﬁnc;‘$
tion was differentiallv affected by thezcdnditions factor. _To further

-examine the effe#& of the SA and-SP Conditions on T2 retentigg,.

separate ANOVAs/were performed comparing each interference condition
!




"Figure 9; Retention curves for the Sample PreseAp (SP), Sample

~ Absént'(SA), and Control Conditions in Exp. II.
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.

with the control. 1In the Control-SA ANOVA, the only significant effect

was that of delay, p « .QO01l (see Apperdix XVII). 1In the Control-SP~

[}

ANOVA, ‘the main effects of delav, p < .001, and of condilioms, p < .05
were gigpificant. The only otherZignificant terh was_the Delav x
Conditions‘interattion, p < .05 (see App¥ndix XVIII). On the basis

of Ehese analyses, it mav be concluded that one factor critical for

" L

producing PI in pigeon STM is having the correct alternative on Tl
(i.e., the Tl samale) present and-incorrect on T2. fhis fiﬁding sup-
ﬁorts the notion that PI in pigepn STM is produced by the competition
of conflicting memories at the time of test.

Retention curves for the A, B, an& C subconditions of the SA Con-
dition and the Contrél Condition are presented in ;;g. 10. -Each point
on the A, B, angd C subcondition curves is bgged on 120 observations
(12 observat;pns per bird x 10 birds = 120), and each point on the
‘ contrql curve is basedhon 360 observations (36 ;bservétions per bird
x 10 Sirds = 360). The A and C subconditions vere superior to the
Control Condition at éach delay, with exceptioﬁ of the A subcondition
at the 2-sec. deley. On the other hand; an'interference effect was
evident in subconditioﬂ B, since B wés.inferior to the centrol at each
delay. The magni;udé of interference across the OT’ 2-, 6-, and 10-
sec. delays, in percentage terms, was }.é, 6.1, 6.7, Pnd 11.9, res-

pectively. Hence, a PI effect was evident in subcondition B since

.

4
more interference was obtained at the latter retention intervals than_
was obtained on the immedfate test.

A Ss x Delay x Conditions x Blocke of Days ANOVA was performed
L]

on the data shown in Fig. 10. The ANOVA revealed signif{cant:effects

>
R h
IS

»
3

- g

A ]
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AN

Figure 10. Retention curves for the A, B, and C subconditions of the

SA Condition and the Control Condition in Exp. II.
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of delay, p < .001, ahd'of conditions, p < .05. The effect of blocks

of days and allcinteractions were nonsignificant (see Appendix XIX).

To further examine the effect of the 3 subconditions on the percen-
'tage of correct T2 responses, separate AﬁOVAs were performed comparing
each subcondition witg the C;ntrol Céndition. In all 3 ANOVAs, the
only significant effect was that of delay, p < .001 in all 3 cases
(see Appendices XX, XXI, and XXI1I1). Om thé basis-of these statistical
analyses, it can be concluded that the percentage of correct responses
on T2 was a%fected by the conéftions factor‘(A, B, and C subconditions,

and Control Condition), but that the rate of forgetting of T2 was not

affected bv the conditions factor. In addition, none of the 3 sub-

s

conditions reliably differed from the conirol.
The subcondition B=-Control Conditign ANOVA, mentioned above,

inditated that the increase in the rate of forgetting of T2 in sub-

condition B over the 3 portions of the retentionjinterval (0 to 2, 2

to 6, Qnd 6 to 10) was not statistically feliﬁble.’ Howéver, the
possibility reﬁained.that a significantly greater retention loss from
the 0- to tge 10-sec. delay occurred in subcondition B.. In subcondi-
tion B,.the percentage of correct T2 responses fell from 91.7 at the
0-sec. dela&'to 54.2 at the 10-sec. delay; a retention loss of 37.5
percentage peints. In the Control Cbndiéion, the'éercentage of cor-"~

.

rect T2 responses fell from 93.1 at the O-sec. delay to 66.1 at the

10~-sec. delay; a reteation loss of 57.0Apercen£age points. Thus,
reténtion droppeé 10.5 percentage points more in subcondition B than®
in the Control Condition. By two-tailed t-test, it was found that

a significantly greater retention loss occurred in subcondition B




chrre

-

-
-

than in 'the Control Condition from the 0- to the 10-sec. retention

test (¢t = 2.34,@9, p-< .05). Thus, subcondition B resulted in

significant PI.

»

Several copclusions can be drawn from the results b6f the present
[ 'Y *

experiment. -First,.wﬁén the test triaf, T2, go?s not contain either
‘the correct or incorrect stimuius from Ti, fl does Rot interfere with
T2. If only the incorrect color on Tl éppears on T2, and rehains
incorrect on T2, Tl does not interfere with T2..- In fact, in' these 2
cases, Tl may slightly facilitate T2 performance; ;érhaps this may
be due to a slight "warm—up'" ef%ect provided by Tl. ™ Second, when

the Forrect stimulus on T1 is inco;reft on T2 and the incorrect
stimulus on Tl is correct on T2, Pl results. Thi£d, when the incor-
recg stimulus on‘Tl becomes correct on T2, PI also results. Fourth,:
.£he zesults of the present experiment rule out the notion th§t PI
effects in pigeon STM may be the product of‘epcoding and/or storage
failure. 'On the other hand, the results provi&e strong support for
the cémpeticion of conflicting memoriés at retrieval interpretation

of PI in pigeon STM.

Ve




EXPERIMENT ITI J

The tvpe of interference effect obtained in the intertrial inter-
ference paradigm (i.e., PI effect) differs radicallv from the tvpe
.'of interference effect obtained in the intratrial interference para-
digm (i.e., competition effect). The purpose of the third experiment
was to attempt to discover the critical difference between these para- -
digms which is responsible for producing the different types’of inter-
ference effects. Five conditions were emploved, 4 interference
conditions and 1 control coﬁdition. The 4 interference conditions
differed with respect to the irpe of event used as Tl. In Condition
I, a complete trial was used as Tl. In Condition 1I, the sample
stimulus and the correct side kev were presented; no incoérect stimu-
lus was presented on'Tli Ln.Condition IIT, no sample stimulus was
o présented and the correctdstimulus appeared as a side key:‘agaiq,
no fncorrect.stimuius was presented. 1In Cpnditioﬁ 1V, only the sample

K]

stimulus was presented and no side keyvresponée was made. 1In Condition

- ®
V, the control condition, no Tl event occurred and T2 was. presented

in isolatfon. Hence, Condition I rebresents the intertrial inter-
)

ference paradigm and Condition IV represents.the intratrial inter- #*

ference paradigm, with Conditionse[i and II] representing iﬁtermgdiate

stages between the 2 paradigms.

d o
- On the basis of the/findings of Exps. I and 1I, it was predicted

that Condition I, the intertrial interference cBndition, would pxo-

.

duce a PI effect. On Ehe.basis of the findings of Erant and Roberts

I3
1

(1973), and-to a iésser,extenc on Ehe'findinés of Roberts and Grant
; _ X X




L4

-

(1974), Condition IV, the intratrial interfg:eﬁﬁe conditién, should not
produce a PI effect, but rather a gpmpétition effect. - The critical
question was, what tvpe of interference effect, if anv, would ‘be pro-

duced in Conditioms. IT and ILI. If simply pecking the side kev and

"

being reinforced is the critical factor responsible for producing
PI, then Condition IIT should demonstrate PI. However, if it is
necessarv to be stimulated bv the sample and to peck the side kev and

»

- =4
be reinforced, then Condition II should produce PI. On the other

. hand, it mav be necessarv to be stimulated bv the sample and to make
a side key choicé between matching and nonmatching colors; in this

N

case, only Condition I would be expe;?Ed to produce PI.
T3
Method ’ T

_Subjects. Same as in Exps. I and II..
Apparatus. Same as in Exps.: I and Ii.
Proced;re. An example of a trial for each'of the 6 color, combina-
tions within each of the 5 conditions is shown ;n Table 4. The 5
conditions difféfed with réspéct to the type of event which consti-
Jtuted'Tl. In Condition I, a samplé stimulus.was presented and Jfollowed
immediately by the illdminatioﬁ of the side keys with‘matchiﬂg and /
nonmatching coleré. A singie peck. on th?‘matching st imulus resuited

in a 2-sec. reinforcement and a single peck on the nonmatching stimu- -

lus resulted in a 2-sec. blackout period. Hence, Condition I corres—\'

ponds to the intertrial®interference paradigm. However, _one important *

!

difference exists between Condition I in the present experiment and
L]

the interference conditions in Exps. I and II. 1In the previous v




o

Table 4

The tvpes of trials used in Exp. 111

%;

\ 7/ . . B ) “ .
) ) Condition - )
Color 1 s I1- . 111 _ Iv SN
Combination R N S
G ¢ 4" c e
* G+R G+ C+ on
A B . B . B B. B
BR+G . B+G " B4G - B4 B+G
. R R- 4" . R -
- GR+ R+ . R+ 2"
B B B . B . - B B
B+R B+R B4R B+R B4R
g R R’ 4" - R
. ' R+B ) R+ R+ 2" P
C G ) G G G, G
’ GHR G+R G+R G+R G+R
. \‘ — -
B B 4" B . )
B+R LB _B+ 22" O
D G . TG G G . G"
BG+ BG+ . . BG+ BG+ * BG+
. B ‘B’ L 4" B
B+G B+ B+ 2"
E R R o R . R R
BR+ BR+ . . BR+ ° . BR+ ' BR+
(; ' ‘ G' . 9" G
G+B . .G+ G+ 2" N
K, R R R , R R
GR+ GR+ . - GR+ GR+ GR+
' ‘»
v
- ! by - )
: 2 - % *
) A M ) - §
. R , - ,
. | .
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experiments, the incor¥ect color‘on’Tl became the correct color on T2, -

¢

lwhile in the present experiment, the incorrect color on T1 did not

e \

appear®on the T2 Ffetentlon test. Thué, any inhibition which-was

< - © .

9 .

‘ rect color on Tl did not affect the magnitude
<

P

built uﬁ to the incor

-

’,

of the interference effect on T2: In Condition II, a sample stimu-

¢ .

lus was pfesiptgd and follcwed_ipmédiately bv the f1lumination of 1

e side key with the%match' g color, while the bthefrkey remained dark.

-

A single peck on the illuminated side key resulted in a 2-sec. rein-

forcement.";n CdnditiomIIII.\no sample stimulus was .presented; rather,.

t * the Eeqtér key remained dark during the normal sample presentation
: pefiog. Immediately following this pértod, 1 side kev was illuminated

and the other side key remained dark. A single peck on the illumina-

- . )

- - -
v » )

. te&‘gide key resulted in a 2-sec. reinforcement. [n Condition IV, a

’
&

- sanple stimulus was preéented, but both side kewvs remained dark®and

no reigforcement va§’preSEnted. : Hence, Condition LIV c%rresponds”to

Jthe {2Ftatria1 interfefénce-paradigﬁi In 3 of the !htefference con-
X .\? . N . . 1

. " [ > : o .
N ditions (I, , and T1I1),. T2 immediately followed the 2~sec. rein-

+

forcgmant orf the 2-sec. blackdﬁt folléwing the side resﬁbnselon Ti.
.- ; . : - ) 4 :

8 In Cﬂ;dition 1V, a 2-sec. blackqutaimmediatelyhfollowed the -termina-

4 ~
N [

tion "of the Tl sample stimulus; T2 immediately followed this 2-sec.
. blackout period% .In Conditfon Y. no Tl was presented and T2 occurred TN

in isolation. Hence, Condition V was ihé normal control conditton.

. . A total of 240 different types of ‘trials were used (6 Eblor com—

binations x 5 cohditions.x 2 pQ§itions'of the correct side '’key on T2 -

x &4 delays on T2 = 240). 1In OGonditieds I,
. »” . ! [ ] - PU - PR .
. i of the correct sidg kex oh. Tl was réQdomly determined. That is, on
. ' - . R S - R .
. . N o r .

.
- -°

. ’ .
11, and ITI, the position

——— - -




."..

v
.

half of ‘the trials the same position was cqrrect on Tl and on T2y | &
" * . , N . ( [\
while on the other half of the‘tria S, opposite pésitions were cor- L -

; , L]

rect on Tl and"on TI. A Eptal of 6 different trial sequ¢qces.-of

) . N |. ' . . (-
<0 tridls each, were used. Qf these 40 trials per sequencey 8 3"

- 7 N .
trials were drawn from each of the 5 conditions, 2 trials fsom each -

. , o ‘ ‘ C
of the 4 delavs within a condition. On each sequence,,wzth1n eactt
'. . 1
condition, ¢ of the color combinations appeared once and X.ef, the ‘

4

color combinations appeared twice. Each bird received each of the ’

6 tqial sequences and each of the 240 different Triale omnce in an

»
-

e . . .
8-day hlock. All other aspects of the procedure wete ithe same as

in Exp. 1. - ) ‘ ) . -'-“

Results and Discussion

-

<n Fig. L}? each interference cbndition retention funcb1op }q

-
. o -

individually compared with the Control Condition retention function.

*

Each poinc in Fig. 11 is "based on 360 observaiigns (36 oésefvations

per'bird x 10 birds 5‘36D)J The Control Condition showed a lower - '

. L \

level of T2 reseﬁtion acrosé delavs in the present expefiment'thég
in Exps..f and II;\UIn adgation, thHe lower iébél of TZ'reteﬁtion in
. & ‘ — , @
the QOntrol'Codaition wasfmore p?ﬁnéanced at the shqrt delays (d and
) ’ " ' . .
2 seca) thép a; tHé'long'aeldys (6 and 10 sec.). Thus, 1n the £oﬁtrolq‘

.. ..
pondition, che‘rate of retentionlloss as a functiog-af delays was

-
’ .—-" . . .

slover” in the ﬁresenc expe:iment than in the pfevious-qxperiments.

Ly *
4 ‘

The reas'on for The’ lower -leVel of~T2tetention and the slower rate -
) . . . S
oﬁ'IZ forgeccing 15 unclear. ’ ’ . s

..
- . *

Each Intenference Condition had a higher percentage of correct , .

4

T2 regponses at  tHe O sec. delav, and a lower percentqge at the 6- ) ‘_

* .

'and iO-sec. delavs ﬁhan thq.Coqtrol.Condition At the 2-gec. delay,
- . * 'l . ¢ » .. - 1., ' * T f

-
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_ference condilion, T1 was presented once and the side xev choice on

conditions and.l! coutrol condition. In the 1 presentation inrer-

Tl introduced the ITI. %ollowing the ITI, T. was presented. In

VR ST [
;ﬁe.prTesentationS'interférence condition, Tl was presented twice

in succession. The secoud Tl presentation immediatelv followed the
2-sec. reinforcement or the -sec. blackout following the side kev
chioice on the first Tl.presentation. Following the side ke;‘choice

. L

-on the second. Tl presentation, the ITI was introduged. Following

the 1TI, Tl was presenged. 1In both interference conditions, the

correct color on Tl became thé incorrect color on-T2, while the

incorrect color on Tl did not appear on T2. In the Control Coudi-
tion, Tl was not presented and T2 occurred ig isolation.

A total of 96 different trials were used (4 color combinations x
2 pasitions of the .correct side key on T2 x 4 delavs on T3 x 3 condi~

tions = 96). Three trial sequences of 32 trials each were constructed.

13

e N )
Each sequence consisted of JO trials from'l of the conditioms and 11
trials from each of the o£her~2 conditions. . )
¥ : ’ . .
Three 1Tls were emploved; 2, 5, and 10 sec. The ITI factor was

- .
e

manipulated between davs. Each bird.recéived each of the 3 trial
b} i
sequences paired with each of the 3 1TIs once in a 9-day block of

-

days. The experiment was fun for 4 blocks (36 davs). All other

.
e
-

aspects of the procedure were the same as in Exp. 1. S

-

Results and Discussion - ‘ g

¢

Retentios curves for the 1.Presentation and ) Presentations ¥
.‘._ ! . ) . o, R -

Conditiodg'at each of the 3 ITIs are shown in Fig. 12. The Control
) . f

v

/

a

.
> . ,




) Tt .
Conditions I and 111 were slightly superior tco the Control, while

Conditions II and 1V were inferior to the Control. .In Condition 1,

P1 seems to be operating over the first 6 sec., since the rate of

forgetting was faster than in the Control Condition. In (Conditien

1!, the rate of forgetting of T2 was faster than ir the Uontrol Cor-

dition over the first 2 sec,, and then slower over the next 3 sec.

I3

Therefore, P! may be operating over the first 2 sec. ¥n Condition II.
In Condition III, the rate of T2 forgetting differed vetv little

from the Control:; thust™PI was.not evident. In Condition IV, T2

L § . -
was ~forgotten more rapidly than in the Control Condition over the

first 2 sec., then the rates of forgetting were about equal over the

next 8 sec. Therefore, PI may be operating over the first 2Z-sec. of
S - )
T2 delay in both Conditions Il and IV and over the first 6-sec. of

T2 delay in Condition I. .

'A Ss x Delay x Conditions (I, I1, III, IV, and V) x Blocks of

‘ays ANOVA was performed on the data presented in Fig. 11. The only

mﬁin effect to reach significance was that of delay, p < .00l. " Two

of the interaction terms reached significance, the Delay x Conditions

-incéracsion and the Delay x ConditiOps x Blocks of Davs interaction,

P « .05 it both cases (see Appendix XXIIIL). The Dela§ x Conditions
{nteractioh was produced by the differential rates of T2 forgetting
as a_functiqp of conditions. The Delay x Conditions x Blocks of

‘DayQ interaction was probably produced by the rather large amount of

variability in the reteation functions between blocks. v

To further examine the effect of the 4 Interference Conditioms

- -

on T2 rete?tion, separate ANOVAs were performed comparing each of

.
LI



”"

«
[

0

the Interference Conditions with the Comtrol Condition. The Control
Condition (V) versus the Intertrial Coudition (I) ANOVaA, revealed

a significant effect of delay, p -~ .00l, and 2 significant interac-

tions, Delav x Conditions and Delay x Conditions x Blocks of Davs, ]

T .05 in both cases (see Appendix XXIV). Thus, Condition I did

. .
reliablv alter the course of T2 forgetting, -with a PI effect evident

across the first 6-séy of T2 delav. In both the Control Condi.t‘il.cm
(" verigs the Sample Plus 1 éide Kev Positive Condition (II) -and the
Contral versus the | Side Kev Positive Conmdition (1I1) ANOVAs, the

only significant main effect was that of delay, p < .001 in bé%h

-

cases. None of the interaqtiéd terms, in either ANOV%& reached sig-
nificance (see Appendices XXV and XXVI). On the basis of these -

ANOVAs,‘neither Condition II nor Condition III demonstrated an inter-

ference effect; neither Condition produced a competition effect or a

PI effect. The Control versus Iﬁtratrfal Condition (IV) ANOVA .revealed

a signficant main effect of delay, ﬁ < .001, and a significant Delaf x
Blocks*of Davs interaction, p <-.05 (see Appe;dix XXVII). On the basis

of these ANOVAs, it can be concluded that Condition I demonstrated a .
: ¢

reliable Pl effect over the first 6:;ec' of'tz‘delay, while netther
i , . . .

Conditiaﬁs I1, I11, or IV demonstrated any type of interference effect
-» .

acrogg;T2~delay5. T - . .

-

.- Although the ANOVAs rezgaled.tpat neither Conditions 11, III; or

L4 .

IV reliably altered the rate of T2 forgetting across thi entire re-

o

tention interval, it is hever;heleas possible that faster T2 forgetting

was produced in these conditions; but over a more restricted portion

of the retentfon interval. To evaluate this possibility, retention

s . o
. . . b +
- 'p
. ”
-
* [}




loss scores, shorter delay percentdge minus longer delay percentage,

A

" were computed for each of the 3 portions of the retentiom interval

for each condition. The retention loss scores are shown in Table 5.

All 4 of the Interfgrenée Conditions showed a greater retention loss

frpm 0 to 2 sec.. (i.e., faster raté of'TZ forgetting) than did the
Control Ccnd;i&on. From 2 to 6 sec., 3 of the Interference Conditivns
showed a greater retention loss than did th; Contrel Condition, while
from 6 to }0 sec., the Control Cbndition sho@ed the greatest loss in

. retention.

-~ . -
-

To test the statistical reliability of the greater re{;ntion loss,

from 6 to 2 sec., in Conditions 1, II, and 1V than in Cendition V,

each of the 3 Interference Conditions was compared with the Countrol
Condition by t-tests. The rate -of retention loss from 0 to 2 sec.
was not faster in either Conditionz I, 171, or IV than in Condition W,

P> .1, p> .05, and > .1, respectively (see Appendix XXVIII);
] R ' : ’ \

Thus, none of the Interference Conditions dé€mothstrated é reiiable PI

.

effect over just the first 2-sec. of T2.delay. In additiomy titests

were also performed comparing the Interference Conditions which showed

gféaber retention loss than did the Control andig}qn from both 0 to

. N . -

Z sec. and from 2 to 6.sed, (Conditions I, III, and IV) with the Con-

trol Conditign. Condition I demonstrated a reliable P effect over

the first 6 sec., p < .01, while.neither Condition III nor IV demon-

straced a reliable,PI effect over the first 6 sec., p > .05 and p"> .1,

-t 3 . . @
ively (see Appendix XXVIII). Thus, these addit?bnal statis-

— . \' ~
resent experiment, the only condition which demonstrated any-type '
. . . * . ’

ad

o



Table 5

Retention loss scores, shorter delav percentage

. [ ]
-
minus longer delav percentage, as®a function .

LY

delav and conditions in Exp. 111

-

: . . Retentioé‘lntervél _
' Condition 0 to 2 sec. 7 go 6 sec. 6 t; 10 sec.
_ 1 13.8 17.2 -2.3
< 11 19.9 i -1.4 5.2
11r . 9.4~ 9.7 5.2
, Y ' 16.3 . 5.8 3.8
Ty : 8.5 A.l; 7¢2
-y ) - ‘
R | . )
) ) Condition I; Intertrial interference (sample plus correct
& .
. ) ' _ and iﬁcorrect side keyé).
. -~

Condition II: Sample plus correct side key (o incorrect

side key).

Condition I{I: Correct side key (no sample and no incorrect

\ . o » ° side kew).

Al .
° .

DCondition.IV: Sample stimulus kno~éovrtct or imcorrect side

key) . ) ‘

-

Condition V: Control (no Tl). . ' i . .

Y . ',




of interference effect was Condition I, which produced a PI effect
.across the first 6-sec. of T2 delav. It mayv be concluded that the

interfering item must be a complete trial (as in Condition 1) to’ '

produce PI in pigeon STM, at least for the set of parameters emploved
L
in the present experiment.

Unfortunately, the present experiment did not answer the gques-

tion of whether the intertrial and intratrial interference paradigms d

' -
- - «d
e

differ qualitatzvelv with respect to the tvpe of interference e‘r?ét ywzfvab“',

- 3
- u"‘ - T

produced. That is, given that an interfe:en‘e.g;fee«¢f§ produced
. A Tt
does the intertrial pa:aaffﬁ hlwave produce a Pl tvpe of interferen;e

s T

-~ -

rd
effect and th.infrasrzal paradigm alwavs produce a competxt1on tvpe

of interference effect? This‘quescion must be answered to allow .

2

the theoretical amalysis of ggtegference_éffecfs in-pigeon STM to - .

progress.

Whether or ndét the intertrial and Nptratrial interference paradigms =

-
- .

differ qualitatively, thev dé differ quantitatively.- A prior complete

trial provides a far more potent source ¢f interferénce than daes ‘a

- -

prior stimulus occurring on the same trial as the to-be-remembered - -

event. ) .




. EXPERIMENT IV.0 = "

(g

The purpose.of the fourth experiment was to investigate the

effect of varving the-time interval between the firal Tl presentation

1}

"and the preésentation of T2 (‘TI) upon the PI effect in pigeon STM, . vmeca N e 2 ]

-
L e e -
- -

In fuman short—tetm recequuﬁxhﬁp %(}Lab-been foand To decreaee as
AT

LSt e . d_._.

-—

tne IQI 4 iﬁcreased (Peterson and uentile, 1965: Cermak, 1970).

Loess and Waugh (1867}, also investigating PI in human’short-term
- o ‘.’

recall memory, conp&ﬁaed that "PI is dirvectly related to the time

.

- Je” - }
between items"“f§.1559), In addition, .thev found no evidence of.a d
build wup ofAP en ITIs of 120 sec. or greater were.emploved. ‘

4

Recently,.hﬁ’?ein (1971), Gorfein and Jacobson (1972), and l.ang and- -
- .

/

Gorf%;gff\l973) have shown the -effect of ITI upon PI to be the same

///;faf%hman short-term recognition memory as it is in human. short-term

,recall memory. Investigating intratrial interference in pigeon STM,”
‘thnt and Roberts (1973) found the level of interference to be inversely -

o n * ®

related to the 'length of time separating successive inputs (i.e., Sl
- -

and S1). The purpose of the. present experiment was to determine

' .

whether por not a relationship betweenvthe lgvwel of PIL and the degree

-

of spacing between items, ahalogous'to that found in human STM would

be obtained using the intertrial interference paradigm.
&

Method . . . ) ’ ) ) '

-
-

Subjects. Same as in Exp. I,'II,‘and,IfI.‘ . .

Agga}afds. Same_ as in Exp.' I, IT,, and 111, - o ¢

-

Procedure. Three conéitions-were emploved; 2 interferehce




conditions and.l control condition. 1In the 1 presentation inter-

)

. ference condition, T1 was presented once and the side kev choice on
Tl introduced the ITI. ?ollowing the ITI, T was presented. In

';he.&-presentaffons" {nterférence condition, Tl was presented twice
, 0 1
Tw £ T . .

in succession. The second Tl presentation immediately followed the '

.o

2-sec. reinforcement or the 2-sec. blackout following the side kev

choice on the first Tl.presentation. Following the side ke}‘choice
* -

-on the second. Tl presentation, the ITI was introduged. Following

the‘ITI, T2 was prgsen;ed. In both interference conditions, the.
correct color on Tl became thé incorrect color on-T2, while the
incorrect color on Tl did not appear on T2. In the Control Condi-

tion, Tl was not presented and T2 occurrad jig isolation.

A total of 96 different trials were used (4 color combinations x
2 pasitions of the .correct side key on T2 x 4 delavs on T3 x 3 condi-

tions = 96). Three trial sequences of 32 trials each were constructed.

1)

' ‘ - -
.- - Each sequence consisted of }0 trials frqq 1 of the conditions. and 11
. trials from each of the oéher_E conditions. .
¢ ¢ . ’ - , .
Three ITIs were emploved; 2, 5, and 10 sec. The ITI factor was

.

o manipulated between davs. Each birderecéived each of the 3 trial
.’ )
sequences paired with each of the 3 ITIs once in a 9-day block of

-~

days. The experiment was run for & -blocks (36 days). All other

aspects of the procedure were the same as in Exp. 1.

Results and Discussion - : S

[ - ¢’

- e .
- Retentiof curves for the 1-Presentation and ) Presentations
. RIS . ] . o 'y R A

R . Conditiodg-at each of the 3 ITIs are shodn in Fig. 12. The Control
, : f

» N - .

-

. .
b . . . . - .

e




;.. ' '

Retention curves for the 1 Presentation and 2

Figure 12. 2 Presenta-

tions Conditions at each of the 3 ITIs and for the Control

Condition in Exp. IV. ’
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.

L T

that regardless of whether the te!! ftem waszéeparated trom-the interfering

Condition retention curve is also shown in Fig. 12. Each point on -

} . C .
the interference curves is based on 320 observations (32 observations

)' ) \ ' 'v-
ver bird % 10 birds = 320) and®™each pJdint an the control curve is

based on 900 observations (9o ovbservatgions pery bird x 10 birds = 960).
3 * - :

[y
.

The ¢ Presentations Cdndition produced a stronger Pl effect than the
. R - - _ s
] Presentation Condition. Neither of the Interference Conditions wds

at fected by the ITL factor. Increasing the ITI, from 2 to 5 to 10 L 4
sec., did not decrease the rate of forgetting of “the T2 menmorv in

» - L) -
eltner tie 1 Presentation or 2 Presentatipns Conditions. Thusy .the

& -
- .

magnitude of thg’PL effect was not altereq_by the ITL factor.
A S5s x Delay x Condit;cns (Control, 1 Presentation, and 2 Pre-

" - -
sentations) x IT1 x Blocks of Days ANOVA was performed on the data
i Fig. 12. (Note: FYor purposes of this analvsis, control trials
run on days when the III oh interference trials was 2-sec. were
designated as control-2-sec. ITI trials. Likewise, control trials |
run o5 davs when the ITI was 5 sec. were designated as control-5-sec.

ITL trials_dnd Coantrol trials run on days when the [Tl was lO.sef.

,'were desTgnatéd control-10-sec. {il trials. Therefore, an ITI effect

-] > b

on interference trials would be indicated by a Conditions x ITI inter- ™

s
-

actioﬁ). The ANOVA revealed sigﬁificant effects of delay, p - .dOl. L

and ot conditions, p . .0l, The main effects of ITI and of blocks of
' * v - > _:‘ .
days were not significant, p - .05. None of the interaction terms

reached significance (see Appendix XXIX). From this analysis, it can

-
be concluded thatf the 1 Presentation and 2 Presentations Conditions
did produce interference, but the increase in interférenceé with incteas-
, - .-
ing delay was not statistically significant. It can also be concluded
. ¢ s, . « . - ,

item by 2-, 35-, or 10-sec., comparable intefference effects were generated.

’
»

14
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v

N S -
. ¢ . )
Since the TIT factor did net alter 72 retention in ahv of the

* -«

} conditions, the data for the Cdg;rcl, 1 Presentation, and 2 Pre-

-
¢ o

.séntations Conditions was ccllapsed acreoss the 3 levels or ITIC ‘
. N L I

Retention curves for theTS'coé:)tions, collap§ed acros= [Tls, are

- M . ¢
- ] : ‘

presenteinn Fig. 13. Fach point ?n Fig. 13 is based on 960 observa-

’

tions (%6 observattors per bird x 10 birds = 9860). Both laterference
3 L 4 -

“Codditions were inferior to the (ontrol Condition, and.the 2 Pregen-

o ‘ ¢ ' o ) .

tations Condition was inferior to the 1l Preseptatfon Condition. ™

- PN

- . s ’

. s . - AL . L Do
In the 1 Presentation Condition, the magnitude "cif the interferenge

L ] ’ . .. ) ~' _' }
effect (cantrol percentage minus inferference perventage)®{ncreased
o~ - } ‘v < P ~ B SN - . . "

.

z

oger the first Biiéc._of.Tl delav,™and then’deéreased from the b-

* e . v

to the 10-sec. delav (1.8, 4.6 6.1, and 4.3 3t7&l@ 0<, 2-, 6-, and’
- . . . . . o .

) - . )

lO—sec.\délays« respectivelv). Thus, a PL effecc_yas,obtained‘ngr
. .’ - ° - . .

the first b-sec. of T2 delay in- the sl Presentation Conditign. Ih

-
Ll 1] a

the 2 Presentations Condition.,the,mqgnitude dé~the

2 < »
s

interference

' < - ~

;gffect‘incxeased over adl 4rdelavs (2.4, 7.2: ?.9, aqq 11.1 at the 00—,

-
’ ‘e

. 2=, 6-, and 10-sec. delavs, respectively).'iThus, a Pl effect was
- K A . ,,-"- = : . -
e, w - -

. . .~ ) - ) - N L.
obtained over the entire 10-sec: retention integfwal {n the 2 Pre-
; . -
.' . . * « .

.

“ sentations Condition. ¢ L

. : -
° - A %s x Delav x Coﬁﬁitfqns ANOVA was performed on t%g.dasa in

LR . .
.

Fig. 13! This ANOVA revealed significant effegts of tomndfrions, ') ¢
. p'~ -01, and of delay, p < .001. Thé Delay-x Conditiong interattion
N \‘ R u’ . .
e . Y H ..'
was not, 8ignificant, p - .05.(see Appendix X§X). Separate-Ss X
. N

. Delsy x Conditiong ANOVAs were petfoE?éé éomparing the Controy and *

’ . ® -"\
- 1 Ptesentation Uonditioms and comparing the Tontrel and 2 Preienta- '
| . - P ‘
. . ) . e T . . .
tions Conditionse¢ 1In both analvses the Delay x Gondittons” interaction

-

’ . ’ '. - (\“\ .



“were §ignificant, p <..001 and p < .05 fespecti‘vely.. None of t‘he

. tion 'increased over thée first 6—sec. of T2 delay. ,Retention loss

'scoreg,.shortéF delhy'percentagé‘minus longer delay percentage, were

the 2 Presentations Condition produced a PI effect over the first 6-

. '
2 Presentatioﬂs Ccndition and 11.3 in che Control Condition. a differ-

'ence of 8. 1 percentage points. By t-test, this &ifference was found

.
R é
LS 5 ’
N R

A Ss x ﬁelay x Conditions x Blocks of Days ANOVA was also per—jzl'

. . - .. . [ . . * .
formed comparing the Control and 2 Presentations Conditions at each

Y

ITI. At the 2'-§e\c. ITI, ttéin effects of delay and of  conditionms v

o

LS

interaction terms reaéhed significance (see Appendix XXXVIII) -How--
ever, as indicated in Table 6, at the 2-sec. ITI the magnitude of -

the interference effect prodqced by-the 2 Presentations of Tl Condi-'

. v ., T .
computed for the Control and.2 Prggentétions Conditions from the QO-sec.-
deléy‘tb the 6-§ec. delay. Tﬁe mean retention~léss,-iﬁ pe}centage ’

terma, from the 0— to the 6—sec.’db1ay wag 26.9 in the 2 Pre;entacions
3

-

Condition and 15 6 in the ‘Control Condition; a difference in reten~
tien loss of 11.3 pefcentage points. By t-test,; this difference

was found to.be signiftcant, P < .05 (s€e Appendix XXXIX) Therefore{

»

o’ .

sec. of T2 delay at the 2-sec. ITI. At the 20-sec. ITI, the only -

-

s{gnifiqaht term waé the main effect of délay;-g < .001-(see Appendix

XL). However, as 1ndidnted in Table 6, Pl may have been produced

over the first 2 sec. “$n the 2 Presentations Condition at the 20-gec.

. .

ITI. Retention loss scores frpn the 0- to the 2-sec. delay were

calculated for the Cont;ol and 2 Presentations Conditions’ atAthe 20~ ©

. - ..’
sec. ITI. The retention loss, 1in percentage terns; was 19.4 in the
*

4
to hg qignii}cant. 2,< .01 (see‘appendix XXXIX) Thereforé,-the p




" .
. .
'
~
.
- . .~ . .
y ' <
P - - -

+ . N

‘ e .

., .

Y
> -
- =N
. -
- -
< N . .
" -
- .\ - @
’ . .
.
.
.
o > ~
. - - .
- -
- HJ
\ ’

-. . . .‘ " .
Figure 13. &etention curves for the Control, -} Presentation, and 2

: ; T ~ Presentations Cohditions, éollapsed.across ITIs, in

- R .
. Exp. 1IV.
Y . . .
N . t .
~ -
* - o . .
L] -
. . .
‘Y -
v * . - H .
. ~
~ - -
. L ]
. . - ,
LY
Ly :
.
-4 . - -~ - .
v « L}
- ~ - . - -
- ;
.
o . LN \
= . o -
A\ 8 hd N . .
¢ o 0\ ’
2 ° o - -
: [} ) . (. . *
.
L T3 - °
.
4 R < " )
~ € . ' ‘
. .
- r -
.
* L] 2
] .
. o LY ¢ .
L} " .
. . . . [
- - L]
- v . .
- N
N Iy
N \
~ » .

1 [




- SNOILVIN3S3Yd L ¢ o=——0"
zo:.S.Zummm& 11|, 0==0
. n_OE.ZOu o—0

o \

5
Q
0

| .
54

24 NO LOFRIC0 INFOHI

- ) . .
\‘ . : -
N ’
[ 4] l ¢
——
. * 7 ’8 .
N . f
-~ ~ .
.
AY
NN

.\.‘




~‘-" * . . o
‘ \ s - . . \“

-« - -

failed to reach significance, p > .05 in both cases (see Appendices
ka; and XXXII).. These analyées revealed that in~neiJ:br the 1-

;Presentatﬁon Condition nor the 2 ®resentations Condition was the
~ . -
increase in the magnitude of the interference effert across* the 3
portiogs of the retentiqn fPperval (6 ro 2, 2 to 6;-and 6 to 10)
. . ] . qoo
~

: .
statistically reliable.

» - b
L3

However, Fig. 13 indicates'thsh the conditions factor had a

-

greater effect upon T2 performamnce at the 2-, 6-, and 10-sec. delays

than at ‘the O-sec. delay. To evaluate the sta;istical reliability

of this eff;ct, ;eparate oﬁe*way ANOVAs were performed comparing’

each of the 5 condition;-at each qf the. 4 delayé. The—effect of

conditions wa; not qignifigggt'at Fhe 0-sec. delay, p > ..05, but

was significant at the 2-, 6-, and 10-sec. delays, p < .05 in all
°3’Lases (see Appendix XXXIIIS. Thus: nb {nterfifencp.uns.obtained

-, =
on the immedlate test, but signifié&nf 1nterferéhée :23 demonétrated‘

at the longer'retention intervals. Therefore, PI was demonstrateﬁ

‘since the conditions did not differ 1n the degree of original tearning

of T2 (as measured by the 0-sec. delay), but did differ 1n.the reten-

. . - ' . -
tion of T2 (as measured by the 2-, 6-, and 10-sec. delays}.

]
On the basis of the résults qf the present eipériment, it can
b; concluded thft increasing the FgmporaL separation b;tween the -
interfering item and the test.itén. from 2 té S.to'lo sec., did not
aiter the pagnitude ‘of the PI effect. Howevef, ;t is ;ossible shat '
the degree of temporal separation between the interfering item and
the test 1:gn would affect the nagnitude of the PI effect obtained )

in pigeon STM~1f,longef ITIs were employed. ' To test‘this'bossibiligy.

the fifth experiment.was conducted. 4 T . -

.I s hd . »
kK

*a
L]



_ : EXPERIMENT V'~ -
< . > - R ‘ R - - - N

Exp. IV, emploving IRIs of 2, 5, and 10 sec., fpﬁhd>that the PI
e ¢effect in pigeon STM was not affected by the’degree of temporal . . =

separation between the 1nterfering item and the test item. The pﬁr-
\

pose of the fifth experiment was to determine whether the PI effect

--'

would defrease as a function of increasing ITI it ITls longer thif'

b those used in Exp. IV were employved. . -

. =) Method .’ . -

Subjects. Same as in Exp. I, II, III, and IV. -

-

. ﬁegaratus. Same as ian Exp. 1, II, III, and IV.

Procedure. The same trial sequences and procedure were used’ in
the present experiment as were used in the previous experimgpt, é}th

* . 3 exceptions. First, in.the previous expetiment'ﬁhe incorrect “dolor .~
- . . : : L ' . - -
“on Tl did’' not appear on T2, while in the presént experiment th o

-

incorrect qolor on Tl became the correct color on T2. Thus, correct

. . ) , .
. and incorrect ¢ rs on Tl were reversed on T2 (i.e., correct beCame

-

incorrect and {ncorrect became correct). This change in procedure
. &

was made in an attempt to dembnqtrate a more powerful PIceffect at

- <

the 2-sed° ITI than was demonstrated in the previous experiment:

-

Secon‘, the intercondition interval, which occurred following all ‘ P
.T2 trials, &as increased from 45%to 60 sec. Third, ja{her than |,
employing ifls of 2, 5, and 10 sec., ITIs of 2, 20?'an&'&9_séé. we;e_
enplo}eda' Control trials rﬁn on‘days when the ITI Sn interference

o L trials was 2 sec. were designated as.control-2-gec. ITI trials.

[




’ - : -
< oL - ’ 3
Likewise, control trials nun on 20—sec IT(Adavb were designated as

> control—’O—léi. ITI trials and control rials un on 40—sec.~ITI

< ; .
daxs were desigéated as control-40-sec. ITI trials. _ R

’ . . L

. Results and.Diecussion

- 1 ) -
\\\\\\ ~ The data of interest were the magnitude ef the interfetence

. .effect:'across ‘;dela}-s:as a function.of ITI. However, if this measure

U : is to accurately reflect the effect of ITI upon forgetting in the

*
- - =

—e Interference Conditions, it is necessarv to demonstrafe th reten3

-
.

.tion_in the Contrpl Condition was not affected by the III-factor.'

.

.a Therefore, a s x Delay x ITI x Blocks of Days ANOVA was performed

) - ]
~on the percentage “of correct T2 responses in the Control Condition.

-

. - The oaly significant term was the main effect of delay, p < .001;
. ‘ [N

~ thg effect of ITI was not significagg, F = .05 (see Appendix XXXIV).
' A )

On the basis of this anaiysis,‘it-can be ccncInded that any changes
Lo~ I ' '
in the magnitude of the interference effect as a £unction of ITI

. reflect the effect of ITI upon forgetting in the Interferenz, Con-

dition. *

The magnitude of.the-interference effect (E%ntrol percentage
e .

minus interference percentage) gepefated by each Interference Co -

D
’

>’ﬁ:‘a? ) tio: at each: deIdy within eadh ITI is shown in Table 6. anmining \
the 1 Presentgﬂion“of Tl interference effect, the ITI factor did not }
effect performence'at the O-sec. retention interval, but s%rongly '
influenced retention at the 2-;,6-, and 10~gec{ retenfion intervals.
_This finding indicated thae the effect of ITI was.nnon the rate .of T2
forgetting, rather'than upon the degree of ‘original’ learjing of T2.

— -



- c -
Magnitude of the interference e_ffect, control percentage
) miffis interferehce percentage, as a function -of
Interference Condition, delay, -and ITI in Exp. V )
° v
1 Presentation of Tl Conditiony. N ’ )
. ) "i . . \
_ AN . Delay (sec.) N
ITI (sec.). - o - 2 e 6 10 -
2 T e 131 o17.s 15.0
R | .. 4 . :
20 | ©o=1.3 * 3.8 2.5 - 2.5
. Lee : ot -
<~ . 40 ™ .0 '1.9 ;3.1 -1.3
.‘g . . . .‘ .-‘ " - - . : - 4.-
2 PresentatiBnS\o}t Tl Condition - ° . L,
” AN ; - . .
. : s o . {
) - Delay- (sec.) - . .
A .. ‘ * " . )
- ITI (sec.) N BECR 2 .. . 6 . 10
2 5.0 13 L 16,3 - 4 4ub
20 7 0 "8 1.9 3.8~

G' Csgv 6.9 - - 8.8 38
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.At the Z-sec:\TTI, a large interference effect was obtéined at the -

‘obtained at these 3 retention. intervals.

" ference effect does seen to be Bperating.

) conditions,‘g <

Fe
XxXv).

~a . M -

~

2-, 6-

» and 10-sec, retention intervals.  In addition, the magnitude

of the inte.rgerence effect increa:s'eﬁac'ross the first 6—sec: of.TZ

-

delay and then decreased slightly at the 10-sec. delay.

\ . . . - . -
and 40-sec. ITIs, on the other hand, negligf®le interference was

At the 20-°

-

-

Moreover, there was ho

evidence to suggest that PI was operating when ITls of 20 or 40

-~ . L4

sec. were employed

—
==

effect, the 21§¢c ITI produced a PI effect over the first 6-sec,

s -

of T2 delay At the 20-sec. ITI, PI was evident only over the first

2 sec.” of T2 delay. At the 60—sec. ITI there was 1itt1e‘evidence to
‘/ e

suggest the operation of PI; however, e relativg;y constant inter— .

- .

™
3

A S§s x Delay x Conditions x Blocks -of Days ANOVA was. performed

. comparing the Control and 1 Presentatiqr Conditiona at each of the

- 5

At theﬁ?Lsec. I1TI, a significant effect of delay and of

.001"4in both cases, wag obtained.

3 ITIs.
The Delayex "

. : / .
Conditions interaction was also significant, P <,.05 (see Appendi£’
* * ‘

At'both the 20- and 40-sec. ITIs, the only significant main

- -~

effect was that of delay, p < .001 in both cases.

action terms, in either analysis: reach signiﬁicance (see Appendices.
the basis of these analyses, it can be con- .

- [ ot Ip

cluded that PI was obtained when a Z-Bec. ITI was employed, but not

XXXVI and XXXVII).

when either a 20- orvﬁo-sac. 1Yl was employed. Increasing the tem

poryal separation between the ipterfering and the‘test item’ from

2 to 20 se¢. eliminated thg PI effect:' > '

None of the inter-

Examining the 2 Presentations of T1 interference"



P N »

A Ss x ﬁelay x QOnditions x Blocks of Days ANOVA was also per-

formed compar'ing' the Cont.rc;i and 2 Presentations Conditions at each

- *

ITI. At the 2—-§e\c. ITI, t\&iﬂ effects of delay and of conditions
e <

‘were é:[.énificant, p <..001 and p < .05 'fespecti“vely. N‘ot.xe of thae
interaction ;erms reached signifiéance.(geé-Appéndix'XXXVIiI). How~-
ever, as ipéitated in Table 6, af thg 2-sec. ITI tﬁe magg;tudg of " .
thef interference effect prod't'.\ced. by ’th\e 2 P.res.entat.igns o_f Tl- Condi-'

,_tion'increased over the first 6-sec. of T2 delay. ,Réteﬁtiog loss

'scoreg’,.shortér del'ay'percentage..‘minus longer delay percentage, wvere
computed for the Control and.2 Presehtations Conditions from the 0O-sec.:
deléy‘to the 6-sec. delay. The mean retention loss, 1n pe}centage

te}ms, from the 0- to the 6-sec. 'delay was 26.9 in the 2 Pregentations
. ‘ - : .

Condition and 15.6 in Ehg'pdntrol Condition; a difference in reten-
tion loss of 11.3 percentage ﬁgzhts. By t-test, this difference

was found to be'sigéificant, 2_<~.05’(sée Appendix XXXIX). Thgrefore{

v

the 2 Presentations Condition produced a PI effect over‘the first 6-

. .

sec. of T2 delay ét the 2-sec. ITI. At the 20-gec. ITI, the only
sggnifiqabt term was the main effect of délay;-2_< .001 (see Appendix

XL). However, as indicgted in Table 6, PI may have been produced

L 2

over the first 2 sec. in the 2 Presentations QOndifion_aE the 20-sec.

ITI. Rncent{on loss séores f:pm'thg 0- to the 2-sec. delay were

calculated for the Cont;ol and 2 Presentations Conditions’ at the 20- °
' ) N .
sec. ITI. The retention loss, in percentage terms; was 19.4 in the
N d . B - = ’
2 Presentatioms Condition and 11.3 in the Control Condftiom; a differ-

‘ence of 8.1 percentage points. By t-test, this difference waé found

: & . . .
to ﬁ; significant, p < .0l (see Wppendix XXXIX). .Therefort, the 2-
e . ’ .




&

. however, a'competition type of int

-

, S .
Presentations Condition prodiced a PI effect over the first 2-sec.

of T2 delay at the éO—sec. ITI. At the 40-sec. ITI, (the only signi—

- o .

ficant terms were the main effects of delay and of conditions, p <
1 4

.001 and 2 < .OS-respectively (see: Appendix XLI). Therefore, the .

2 Presentations Condition produced an interference effect, but not
B i —

a PI effect, at cthe 40-sec. ITI. The reason for obtainifg this

-

last result is totally uncleag. . N

On the basis of the results of the‘presentrexperiment, it can
be concluded that che.degree of Eemporal separation between the
interferipg item and the test icaﬁ'does affect PI in pigeon S'I‘M.tx-3

. e
When the interfering item was ‘presented {;ce, the PI effect waaq

eliminated by a temporal separatioﬁ é&‘eitﬁer 20 or &40 sec. When

the inteffeting item was presenced twice, a2 temporal separation of
20 9kc. resulted in the PI effect being regtricted to a smaller,
L] ‘ *

earlier.portion of the retention intervagyy 'Increasin'g the temporal

LY
* .

separation to 40 sec. resulted in‘:aE.PI effect being eliminated;

erence effect was produced.
f
Perhaps the best- interpretation of this latter finding is that it’

is ah instance of a type I error; that is, that no difference actually

’

exists between theé Control and 2 Presentations Condi:icns at_the 60—

N

sec. ITI.




.GENERAL DISCUSSION

Five experiments were ﬁer'formed to investigate the effect.of

ST?i._ The general paradigm emploved was termed the intertrial inter- oo

ference paradigm. This paradigm involved two basic conaitions‘; an - " '

-

.

Experimental (Interference) Condition a.n\a Control Condition. 1In
the Experﬁnental Condition, two DMTS trials, Tl and 1:2, were pre-

sented in immeédiate succession. Correct and-incorrect colors on .

*

Tl were reversed on T2; the corrett color on Tl became the /incorrect

~

on T2 and the ingorrect c.o'lor on Tl became the correct color on T2.

In the Cpntrol Qondition,' Tl was not' présénted\ﬁd T2 occurred in

isolation. The comparison of interest involved the percentage of

’

. '&orr.ect T2 responses as a fufction of "I"Z delay in fhe Expeiiméﬁtal '
and Control Conditions. . . » '
'F:lve main fin(ings ’emerged fron E’i 1. First, the presence of
.a prior, ‘cohmcting memory, Tl, increased the rate at whichA a subse-
.que.n_t.memor)", T2, w,a‘s‘ forgotten over the firsf 6-sec. of the retenti{m
. s .
interval. Th'}xs, 4 P1 'effe‘ct was obtained over _the flrst 6-sec. of T2
del.ay. Seeor_ld_,'PI ‘over the first 6—.9ec.d of T2 delay was obtained when
. T1 ~was”presented.elthe:r one or.six times before I/Z.was presented, but ‘
when T1 was presented four times; P1 .was ev:ld‘ent only.over the first
'2-s’ec. of -T2 delay. The- reason~ for not obfaining a PI effect over
. " the first 6-sec. of T2 delay wh‘.en Tl yas presented four é‘im.es, waa, )
'm?clea.r. :l’hird, when Tl was 'presented either one or ls'ix times, T2’ o

hd . [
L4

;90




- . b

retention was higher at the 10-sec. tham at the 6-sec. dgiay“ Fourth,

-
]

N o_ .
increasing the nugbef of times Tl was presented, froq one te six,

- s .
increased the interference-effect by a relatively constant amount

across T2 delays. Fifth, the method of’determining the positiod of

- .,

the correct s{de'key on each T1 presentation had a relatively small

\

~effect upon T2 retention. . ) .

. . V_. . -
. The second experiment was designed to determine whether PI in

‘ pigeon ST was proYuced by entoding and/or storage failure or by the -

competition eof conflicting memories at retrieval. Two main results

were obtained.» First, significant PI ‘was obtained whether the ‘cor-.
; [

.

. .o, . < f 4
rect col‘r on Tl became the incorrect color on Tg or whether the in-

correct color on Tl became the ®orredt.color on T2. Second, a slight: .

b4 -
.

. N '
and nonsignificant, factlitation of T2.retention occuryed when ejther-~

.. . ,
the correct and incorrect colors om” Tl did not appear on T2, or when

.

.
~a®

the correct cyior on Tl did not appear on T2 and the incorrégg color

-
3 a

ox T1 remained‘incorrect on T2. These two findinge eliminated the
. . . .

encoding gnd/orlgtgrage failure explanation of PIL effects in pigeon

. [ 4

STM. Ow the otHer hand, the regsults provide strong support fqr the

-

notion that PI in pigeon STM results from the competition of conflict- o

ing memories at the time of retrieyél.

The third experimemt was designed to determine the éffect of

- using various types of events as the Tl or interféring item. Four .

Tl events were used;'a‘complete DMTS trial (intertrial interference
paradigm), the sample stimulus and the correct side key, just.the
correct side key, and just the sample stimulus (intratrial inter- (

ference parﬁdigm). The only condition which ‘produced a significant

- -
.

1 : -




interference effect was' the intertrigl'interfetence conditi&n;*iq
N L 4 R - . . 3

« ‘ N ~ -
which a complete DMTS trial served as the Tl event. ?hag ponditfbn\
: 1 _ - o
* produced a significant P1 effect over,the first 6-sec. of T2 delayv. ’

None:oﬁ_the other three gbnditions differed_signifiéantly from the.

control. It.was,concludea that the types of events useg as T1

-

differed quantitatively with respec€ to the ajount of imterference
> ) - .
they produced; a p;ioi complete DMTS trital represents a more potent

\
(4 ! ‘@ R . s [ a

source of interference than any of the other Qyﬁes of Tl events.

n -. ) - L]
From the results of Exp. 1II, it could not be determined if the
3i%;erference conditions differed qualitatigely with respect to the

type of, interference effect which they produce.' 2 L -t
" The fourth experiment was designed to investigate the effect of .

- . 3

separating the interfering event from the to—be*rememﬁbred‘evedt by

either 2. 5, or 10 sec. 1t was found that. the magnitude of the PI
. effect was not'affected by whether the interfering trial terminated

2, 5, or 10 sec. before the onset of the to—be—remembered trial. How-

' ) < . '
ever, Exp. V demonstrated that when the intesfering item was presented.

once, the PL effect was eliminated when the temporal separation be-

3 . -

o . tween the interfering and to-be-t;membered events was either 20 or
- 40 séc. Wﬁen‘the interfering memory wag‘gésed on two presentations -

of T}; the PI effec¥ was rgstrictedfso a smallér, earlier ﬁﬁrtion

of the retention interval when the temporal separ;tion was 20 sec. o
° ' ! L

v At the 40 sec. temporal separation value, no PI was obtained how- S

ever, 'ﬁhall relatively constant interference effect across T2

deIays was produced. * '-
. ’ s

The main findiag—to~em6?§€"fﬂéﬁ\i?é experimental series1ras . .

G

q . .
)

L




. - S B o - folie]
. . '.' -' :
' - ‘ ‘ 5 ‘ 1Y .
/‘ that PI was.demonstrated in pjgeon STM. Since PI has been ‘ounc‘in
. a * L d
prlmategand human STM and in rat LT\{ the demonstratgon o§ PI in -t

{ EY

pigeon STM adds e\cperlmental support to tHe p.esition that confli&tmg
. . . .
3
memories 1nteract in ‘the same manner regardlee;s of specfes. The pre-

sent findings add weight to the'contentiona;:haf: the saffe basic memorial

process s mav operate in the pigeon, :rat_t pi‘i&:ate,_’and huméﬁ. Hbu:zver, -

on; import.ant. difference.\'bez:ween PI in pigeon and. human STM'.ﬁd' emérge.

T As wes .oointe':i out in the J':ntroducqion, stud.ies 'of ~PI.- in human -short-

. term"recognitfon memory have found that PI is unre.l.ated to the f\"p:
-, .

, af dlstractor (i. e., incorrect. item(s)) . emploved at the time of test.

That is, P1 ii obtained bogh when previo.usly pre’sented *itel'as are- gpsed

“ s . . TN . N
. ag «distractors and when new items (i.e., items not previously presented

~—

©. during the"experiment)c; are used as distractozs. On tl"\‘e other hand,

Exp. 13 demons.érated’,t_hat Ehe type of inqoprect_ item einplo‘y,ed ‘on the

test was a:ritical to produci.ng PI An pig«a‘on{:'%‘TM. PI wés produced T

»

when the correct‘Tl item served as the incorrect T2 ftem; but no PI

4

PRl

was produoed when an item no8, prefsented on T1 sen\rec? as the incp;rett -

<

item on T2. The human daCa support the contention tba.t PI’ is rmt )

- T produced by the competitioh of conflicting pemoriee al: ret.‘rieval'-
P ’ o

ra{her, PI may-be produced b¥ encoding and/‘or storage processes. The .

pigeon data bupport the conten:;on that BI is produced by compe‘tition v

’

betw&en confliccing memories as retrieva.l “and-pot by encoding ‘nd/or

- ” .

storage prOcesse’s. Thus-, although PI-hag been” obcaijxed in both Human '

and pigeon STM, the mechanisms respoSsible fo: producing PI in ‘tﬂ'\e ¢

P .
. “ . v s

.- two species may differ. . ‘ .

.-
5 ..
W

A~

{ In_,general, the present experiments-found ‘that the. magnitude of




the inserference effect increasded ‘across the first 6-sec.. of T2 delay

") . <

and decreased at the 10-sec. delay. However, in some cases, increas-

~

ing interference wis obtained only over the f!rst 2-sec. of the

retention interval; in other cases, 'increaaing ix@i@rence wys obtained

over the entire 10-Sec. retentionm (interval. It mav be useful to con-
e : : - ©
sider how some of the theoretical intergretati\ons of interference

effects miéht account for these findings. .Three theoretical ‘inker—
L . .
pretations will be considered; the Keppel and Uhderwood extinction
. . o
and spontanedus recovery model, the Spear attribute memory model, and

\ - .

' the Grant a'ncp ﬁobefts independence ana ‘coupetit;ion model. °

Both the Keppél and Underwood model and the Spéar model predict

increasit;g interferet;ce with increadsing delay. Qhué, both models can
acco;mt for the present findi;gs over ‘the first 6-sec. of the re.ten-
tion interval.’ To écgount $or tht decrease in the wfagnitude of ghe
interference effect.over'the final lg—s'éc. of il}e ret.en'tion interval,
both models wpuld need to ad& |an adciitional assumption. Perhap® the )
most reasonable assumption wouldfbé to assume that at' the time of the
10-gec. deilay ret:antion tést, the Tl memor'y had been 1<;ét from memory °
Oon some ‘p:o-porgiqn of theatrials. ThiQ’as.sumption seems plausible
since,'a.t the time of the M-sec. delay *retention test onm ’i‘2, the T1
~ trial te‘mi.nated.at leagt 16 sec:. ;rebiodélly. In fact, ‘fl prot_)ablz
termixia’ted c%psiderably lonigey than 16 sec. béf'ore i:he. 10-sec. délay
test on '1‘2.;1\:0 factors contribute to the l'engchening o.f ‘the T1 decay ¢
period. Firs}:, there"is t;he latency period bgﬁre S pecks the white

. . S U N
center key to 1niéiatg T2. Second, there is ;he latency period before

S makes the side key/ choice on T2. these two latengy periods could .

)




\ 3
14

-

\ =
combine to produce several secondS‘Qf additional Tl decay time. It

seems reasonable to propose, on the basig\of the répid forgetting

found- in DMTS by several investigators, that a memory which has

~ - > .
,wg_decayed for more than 16 sec. will generally ha%g\a strength which

. ) .
approaches 0. AN

a2

This assumption could bé incorporated-into both thé\xéppel and

Inderwood model and the Spear model. ‘Keppel and Underwood ﬁight pro-

pose that the T1 spontaneously-recovers over the first 6-sec. of T2

delay; reaéhing an ésympcotic recovery strength at the 6-sec. delay.

- - 1

Over‘the last 4-sec. of the retention interval (i.e., 6 t¥ 10 sec.),’

the T1 memory ungergoes’a peried o? rapid‘loss-of_:zreng:h. There-
fdre, one would expect increasing interference over the first 6-sec.

of the retention interval and decreased interference-at the 1l0-sec.
retention test. On the other hand, Spear might propose that éuring

the T2 refentioniintervgi;'both the T1 and T2 memorie; lose strénéih.-
In additidn, as time paéseg since the establishment of the T2 memory, °
the proportion of retrieval cues available for rét;teving the T1 memory

increases. Howevéd{ at the 10-sec. retention test, although the pro-
.l
portion of cues available for retrieVing the Tl memory has continued

to increasg, it.cahnot be refrieved on those trials on which it 1is

no longer present in the memory systen. Therefbre, one would expect
L} - .
.- ~increasing interference over the first 6-sec. of tﬁe“retention inter-
. : . .
val and decreased interference at the 10-sec. retention test.

. >
The final theoretical interpretation of interference effects to

be considered is the Grgnt and Roberts independence and competition
models Although the mgdel was developed to account for a relatively

¢
]
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constant interference effect across delays, the model also predicts

-

increasing interference as a function of delay under tertain condi-
t¥ons. This is the case since the model holds that interference

effects are the.product of competition betwegn conflicting memorv °

traces. The magnitude of the interference effect is a direct func-

tion of the degree of overlap between the trace styength distributions

of the conflicting memories (we may ignore the effect of'thé regency -~
- *

factor for the present). Therefore, when two conflicting traces

begin to decay at approximately the same point on the negativedy

. .
accelerated decay function, both traces decay or lose strength at

approximately the same raté:-'Thus. thé degres~bf overlap be tween

the two trace strength distributions remains relatively constant as

a

the retention interval increases. This situation would produce a
-° .

relatively constant interference effect across delays. On the other
hand, when the prior memory has undergone a period of trace decay.
before the current memory bggﬁJL to decay, the'negatively accelera-

ted decay fuﬁction results in the prior meméfy losing trace strength

less rapidly than the current memory as the retention interval increases.
an 2 »

Al

Therefore, as the delay following the establishment of the curremt

memory increases, the degree of ovis}ap t:ﬁyeen the two ‘trace strength

rdistributions also increases, resuiting in increasing interference

with increasing delay. To acéouqt for the decrease in the magnitude

*of the interference effect at the 10-sec. deiay..one could again

invoke the assumption that the T memory had been lost from STM om

the majority of trials. ’ <C ‘

Recently, Gleitman (1971) and D'Amato {1972) have emphasized the .




role of temporal factors in animal memorv. ‘Ih'e_? propose ‘that as the

[ 4 . ~

retention increases, the animél'; ability to discriminate which
memon ‘ the more recent prog.ressively declimes. Olzviously, both.
theorists yould predict increasing iAterferepce with increaéing delay.
However, a model based sol;ly on the animal's ability to make a tem-
““poral discrimination does ;ot se€m>adequate to account for the present
.EESqlts: For exémple, hgw would such a model bandle the finding of
decreased interference at the 10—ng. delay? ‘Or, hcw4wouid ;uch a
model account for the effert of 1ncreasiﬁg the number of times T1
was presented u;;on the interference effect? 1o a_dditi:n, several
_étudies of pigeon STM (Roberts, 19723 Gran} and Roberts, 1973;'Roberts.
and Grant, 1974) have clearly demonstfhtea the theoretical value of
postulating some type of memory stréngcﬁ me;hanism. This is not to -
- \\Heny that tempo;al factbrs operate in pigeon STM, but.rather that
temporal factors alone do not provide an adequate theoretical base
for explaining pigeon STM. .Teipofal facfors are most probably in-
véived in producing PI {a pigeon STM, as'tgey are in producing
com?etition in plge;n STM (Roberts and Grant, 1974), but.not to the

~

exc&usion of_memofy strength factors. . N

Incorporating temporal .discrimination factors into the Grant
1 ' * 1 -

and Roberts' competition model provides an egplanatioh'for the
change.in the interference effect across experiments. In‘Exp. I,

the 1 preseﬁcasion of Fl'condicioﬁ produced more interference at the

4
-

0—; 2-, and 6-sec. delayé than was produced in subsequent experi-

ments at thesge délays, partic‘aarii Exps. }V and V. 1In additiom,
R Y

- the l—éresentation condition brodhced no interference at the 1l0-sec.

.
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delay in Exp. I, but did produce interference at this delay in sub-

sequent experiments, partitularly Exp. V. This finding can be
. .accounted for by postulating changes in the tracg strength of the

" Tl memory and changes in the animal's ability to make a temporal dis-

crimination as a function of training. To account for the increasing

interference at the 10-sec. delay across experiments, it could be
postulated that the rate of Tl firgetting decreased with training.

Therefore, a stronger interfering memorv would be pgeseni at the time
»

- of“the 10-sec. delay in later experiments. To account for the decreas-

: o ' >
- ing inserference at the 0-, Z-,"and 6-sec. delays across experiments,

o [ ] . ) -+

- =, ' . . .
it ‘could be postulated that the animal's abiiity to discriminate the -

more reéent mewory improves with training. Therefore, less interfer- N

ence would be expected in later experiments. L - .t
* "'\
One major question regarding interference effectg in pigeon STM

is whether or not the type of interference effect produced in the
intertrial interference_pa}adigm differs qualitatively from the type

of intefferen§e’e£fect produced in the intratrial interference fara- )
digm. That {s, does the memory ©f a prior complete trial compete with .
.. /
. ] s .
(’ a later mewory in a fundamentally different way thad the way in which

o a prior stimulus evené }ompetes. If this question is answered iﬁ the

\

affirmative, two sets of theorftical léyq would need to be postulated,

one based on the memory of stimuli and the other based on the memory .

. of complete trials. On the other hand. the Grant and Roberts' model .

A .

. » - .
~ predicts that éhe type of Jnserferendb effect produced is determined

by the amount of*decay of the interferfng Memory which occurs before *

the test memory_beginevto-decay. If the inéetfering memory decays ..

L)

’

L 4

At

.
- . -~
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very little before the test memory begins te decayv, a competition

effect résults.' on the other hand, if the interféring memory.has .
. - .undetgone a consiﬂeragle amount of deéay befofe the'test nenory
begins to decav, a PI effect results. Thus, it should be possible.to
produce competition gn@ é} in both the inffq;rial and intértrial )
. . : - .

interference paradigms. A research pfoject is currently inhﬁrogress -

which is directed at determining whether or not a PI effect can be

demonstrated using the intratrial 1nterference‘pa:adigm. N

- : 4

»
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APPENDIX I

‘Summary of Analysis of Variance on the percentage of cor-
rect T2 responses in the Control and Interference Condi-
tions in Exp. I.

Source . df . _MS/MSerror F

Delay 3, 27 8011.87/106.79 75.02 e

Conditions . 1, 9 - 8967.#5/288.02 ' 31.24 ewe
Blocks 1,0 . . 55.71/76.b5 - 73
c 402.48/74.35 BRI
D . 6n.37/61;89 " 1.08
120.36/57.01 2.11,
3.41/120.73 .+ .03
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APPENDIX II

Summarv of Analysis of Variance-on the percentage of cor-
rect T2 responses, excluding the 10-sec. delav,.in the
Control and Interference Conditions in Exv. I.

<

-

%
<y

Source if MS/MSerror: =
B = Delsyv 2, 18 90R5,95/78.25 L 116,12 wwe
C = Conditions 1, @  Au23.01/104.b1 43,33 ees
D = Blocks 1,9 _ 124.39/086.3 - 2.'69
BxC | 2, 18  L18,04p58.25 9,18 e
B xD 2, 19 | 52.56/66.11 .79
CxD- 1, 9 102.71/69.32 1.4%
BxCxD . 2, 18 k.31/92.02 .05
%% p £ .001 '
** pe.01 . ‘

* pL.OS ’




APPENDIX TIII

(s

jo

Summary of Analysis of Varlance on the percentace of cor-
rect T2 responses in the 1, &4 6 and é presentations of T1 -

Conditions and the Control Condition in Exvo. I.

o

S

Source ~__daf - _MWS/MSerror ®

B = Delsy 3, 27 256.71/2.29 111,01 ==«
C = Conditions 3, 27 83.96/3.95 21,25 wew
b = Biocks 1, 9 f11)1.80 . .06
BxC 9, 81 7 9.98/1.79 5.57 %
B xD v =3, 27 1.75/1.83 . .96
‘cxD 3, 27 - 2.95/1.22 2.43
BxCxD - 9,81 3.53/1.76 2.01,

>

!
[y

L 21 R'I;-OW
e 2‘001 ) N ' -
» BL'OS . ’ ' .,;.
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o ° ' APPENDIX IV o o _ e

Summary of Anal;vsi-.s of Vériance_ on the percentage of cor- .
rect T2 responses %0 the’l presentation srfd Control Con-

ditions in Exp. k. - N
. RN R b p'
3 '. Y‘
Source _ - - dfd. 1sMS/MSerror . - F
. B = Delaw 3, 27 122.19/1.97 62,11 wwa
~ -Bc_= Conditions 1, 9 19.51/3,37 14,70 *»
"D = Blocks 1, 9 3.91/2.18 L1790 T e
. Bxe¢ 3, 27 1%.11/1.19 11,02 #ee
BxD . ; 3, 27 ¢ 2.38/1.%8 1.68 -
cxp 1, 9 .06/.86 . .07
N " o - s
BxCxD 3. 27 1.82/2.04 ¥ .89
1) - ) 1] : = .
o » . ]
#%*» p ¢ .001 . S - . . . .
. .
. '*, BL 001 v . R ’ < - f
* pl .PS ~ ' S .
CY | : ' . , } | '
¢! o ' "
[ ] . )
° g . )
o - ’
] | o ,
o |
[ ° "
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APPENDIX V ~
. . = v \ . ' i ®
Summary of Analysis of Variance on the percentage of cor-
rect T2 responses, ex¢luding the 10-secs delay, in the N
1 preséntation and Control Conditions in Exp. I.
1] . 4.‘ -
3 . ¢ & «
- c . R - v .
Source df HS@Se rror P :
. a T [ _ .L
B = Delay o .2, 18 154.23/1.42 108,73 was
C = Conditions 1, 9 64.53/2.14 30.09 #w»
D = Blocks 1,9 40339 10.47 *
a Q‘
BxC . 2, 18 " 12.13/.86 14,18 s&e \
BxD 2,18 ~ 3.33/1.29 f 2,87 A
< T K . . D - (-
C.x D - 1,9 T J30/1.61 _ .19 ‘
BxCxD V2, 181 2.50/1.70 T1.47 < -




APPENDIX VI

¢
e

Summary of Analysis of Variance on the percentage of cor-
rect T2 responses in the U4 presentations and Control Con-

"ditions in Exp. I. :

- i

“)- ' .
Source . 4ar . MS/MSezrror

= Delay 3, 27 117.27/2.03

B
C = Conditions 1, 9 ©195.81/6.47
D = Blocks .- .1, 9 1.81/1.43
Bx e 3, 27 ' 2.76/1.87
B
c
B

"3, 27 3.62/.84
1, 9 1.06/1{36
1'5?/2-36




APPENDIX VII

v’/— " Summary of Analysis of Variance on ;he percentage of cor-
rect T2 responses in the 6 presentations and’ Control Con-
ditions in Exvo. I. .
- | > .
.
sdurce ar = MS/MSerror F
. B = Delay 3, 27 - 117.34/2.89 46,95 *ee
. C = Conditions 1,L9 172.23/5.’42 < 31.78 f"'
D= Blocks 1,9 .23/.89 .25 o
Bxc _ 3, 27 12.14/2.08 " ¥ 5.95 »#
¥ ‘B x D 3, 27 2.08/1.59 - 1.30 '
cxDdD 1, 9 . 7.23/1.85  * . 4.99
. .

X c X D N 3’~2?' ' 2.01/2015 . 093 b

##s p & .001
** pg .01
*PL-O5
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APPENDIX VIII

*

Summary of Analysis of Varlarlce on the percentage of cor«
rect T2 responses, excluding the 10-sec. delay, in the

6 presentations and Control, Corzditions in Exp. I. ) e
- T : E '
Source ar MS/MSerror P
B = Delay 2, 18 144 ,48/2.00 . .  72.14 esa
C = Conditions 1, 9 172.80/3.26 52.96- #an
D = Blocks 1, 9 .53/1.63 .33
BxC 2, 18 11.88/1.92 6.18 =e
B x D_ 2,8 .51/1.63 © a3 ~
CxD . 1, 9 “v 3.33/1.39 . . 2.40
. BxC :ﬂ: 2, 18 2.51/1.04 - 2.82 7
. * _L‘ - x X f
sss p( ,001.
*s ps .01 -
* pL.0S °
- \
, ‘ ';\) 4
rd 6 '

_Dl«
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APPENDIX IX

L »

-
-

.
2

" Two-tailed t-tests between selected means in Exp. I.

Comparison .

I s .

Jer .

ir

o]

& presentations, 6-sec. -

delay versus chance (50%)

L presentatigns, 10-sec..
delay versus chance (50%)

6~sec. versus {0-sec.
delay within the 1 ‘
preéentatiqn level

oy

6«<sec. versus 10-sec.
delay within the 6
presentations  level e

the magnitude of the in-

- _terference—effectory-the -

immediate retentionitest

(O-sec. delay) versnus the

magnitude of the interfer-
ence effect on the delayed
retention tests (2, 6, 10
sec. delays) in the 4 pre-
sentations condition

the magnitude of the in-
terference effect on the
immediate retention test
(O-sec. delay) versus the

- magnitude of the interfer-

L
»

ence effect on the 2-sec.
delayed retention test in .

a  12.35

9 6.99

9 uos.h' )

9 . k.29 -

the 4 presentations condifion 9 2.46,

D& .001

P & .001

R £.001

:p&-01

py.1

1
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APPENDIX X
\ . Z ' _ ¢

Summary of Analysis of Variar;‘ce on the pgrcentage of cor-
rect T2 responses in the Fixed, Random, and Control Con-
ditlons 1in Exp.'1I. T . '
Source . df MS/MSerror F

B = Delay ) 3, 27 13268.33/157.01 84,51 #as

" C = Conditions = 2 1 5545,59/262.56 21,12 w=s
D = Blocks 1, 9 - 48.85/98.86  -. .49
s BxC 6, 5b 502.52/135.83 - 3.70 #=
B x.D . 3, 27 43.93/77.97 .56 °
: cCxDd . 2, 18 L41.51/145.64 3.03
) BxCzxD . 6, .56 . 35.94/138.14 . .26 ' .
. - . — .. - . ’

L2 X} BF'OQI

» {‘.2‘ .01

.* pg .05
- {'.




APPENDIX XI -
y
Two-talled t tests between the P xed and Random Conditlons
at each delay in Exp. I.

-
LN

Delay*
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A . APPENDIX XII -

. "

Summaty of.Analysls'of<Varlahce on the percentage of cor-
Tect T2 responses in the Pixed and Random Conditions with-
- in the 1 Presenptation of T1 Condition in Exp. I.

.

K

C s -

R . \ . N
Source af ' MS/MSerror F

-_.

= Delay .3, 29 12119.25/177.71 68.19 ##»
Conditians i. 9 22b§.03/174.28 12,89 ==
Blocks 1, 9 111..97/249,60 R IX
3, 27, 856.32/376.23  1.22
3, 27 . 515.99/267.45 ©1.93
1, 9 560.66/338.12 1.6
.5, 27 . ’378.9b/183lu3 2.07

*%s p 2 001
Yy Bl-°91
* pL .05
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APPENDIX "XIII s ©

Summary of Anal)"sis of Variance on the percentage of cor- Lo
‘rect T2 responses in the F:Lxed and” Random Conditions with- .
in the 4 Presentations of*T1 Conditidn in Bxp. I.

Source ) T 4f MS/MSerror . F i

B = Delay -3, 27 '9851.827/268.93 36,63 #es
C =" Conditilons 1, 9 , 15.59/312:65 .05
D = Blocks 1, 9 1.73/198.47 .01
B X c. - 3"- ‘27 < h?ho@/ﬁl-Sé . io.og
BxD : ' 3, 27 645.19/204.11 3.16 =
CxD 1, 9 - " 1459.87/237.04 6.16 *
BxCxD - 3, 27 . 214.68/226.24 .95 © .
#s» pL,.001 )
** p& .01
. * pPe&e.05
]
‘\k’\
- ’ . _ - -
a~l
! P ) - =
« -
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. APPENDIX XIV . o
- . . (
y of Analysis of Variance on the percentage of cor-

. " responses in -the Fixed and Rendom Conditilons wlth-
Nn the 6 Presentations of T1 Condition in Exp. I.

Source ° ar MS/MSerrore * |3

B = Delay L3y 27 11164.68/357.71  31.21 *a% |

C = Conditions = 1, 9 .999.95/232.17 4. 31 ,

D = Blocks 1, 9 694.35/135.05 5.14 #

BxC, 3, 27 666.60/300.07 2.22 ' 2

BxD . ? .3, 27 490.69/281.33 ~  1.75 '

C xD | 1, 9. 27.76/425.13 .07

"Bx.CxD 3, 27 2?7.79/404.55 .07
.. ##¥ pg 001  ° L
- ' . . »
" BL +01
» B‘ 005 >
- 4
. o
\‘\-/ - . -~ .
- N \ %

- ‘-




- S APPENDIX XV | ~

-
Tﬁo-tailedng-tests between the Fixed and Random Conéitions
;;peach .dglay within easch level of Y1 presentations }n

\,' *

S Condition Delay ar t p
1 P/resentatlon " 0 sec. 9, .26 P .1
1 Presentation 2 sec. 9 LUl po.1
-1 Presentation 6 sec. -9 3.1k pL.02
1 Presentation 10 sec. 9 1.37 Py -1
u”f’resentatlor_xs: 0 sec. 9 .19 2§ .1
b Prese'ntatior;;s , 2 sec.” 9 f .53 pYy.1
4 PrL'sentati‘ons 6 sec. 9 1.37 PY.1

. L Presentations 10 sec. ‘9 ’ 0'1.l1‘5 ¢ pYy.l

6 Presentations 0 sgt. 9 1.07 py.1
6 Presentations 2 sec. 9 . <48 P91
6 Presenté:plons “ -6 s;c. 9 .35 _:97.1
[$ Présent.ations 10 se;:. e * 3.14. pL .02

]




APPENDIX XVI

Sumnary of Analyvsls of Variance on the percentage of cor-
rect T2 responses in the Sample Present, Sample Absent,
and Control Conditions in Exp. II. N .

-

X

Source ‘ ar ' MS/MSerror

Delay . 27 * 220.31/5.1b

Conditions ’18 26.71/3.75
Blocks, . 18 L, 784/2.59
< } 54 5.97/2.32
s 2.19/2.25

36 | 1.25/%.09

108 715271, 52

[




APPENDIX XVII . T -

- —

Summary o? Analysis-éf'Variance on the percentage of cor-
rect T2 responses in the Sample Absent and Control Condi-
tions in Exp. II. : )

?

Source - if > MS/MSerror : - i N
B = Delay" -3, 27 149.32/4.62 32.33 wxs
C = Conditions % 1, 9 - .02/2.35 Ty .03
D = Blocks - 2, 18 i.43/1.99 - ° _ .22
BxC 3, 27 1.68/1.66 T 1.m
B_‘x D 6' 5‘3”: ""::- 2_010/1-‘}6’[ lcm
¢cxD . 2,18 U oi1s/2.87 .06
o o .
BXxCxD 6y S . - 1.62/1.58 . - 1.02
e¥% pg 00T .-
#* p .01~
B / - -
* 2‘{.05 .
/// ' - b )
. -
<
-’



- APPENDIX XVIIT |

Summarv* of Analysls of Varlanc.e/m/tﬁe percent:aze of cor-
regt T2 responses in the Sample Present and Control Con-
ditlons. in Exo. o 1l . .

[ad

L -
. ‘ : ~
Source af __MS/MSerror ®
B = Delay' 3,27 139.48/3.9) 36,45 »as
C = Conditiohs  1,.9 4 38.40/4.80 2.85
l‘ |
D = Blocks 2, 18 s\.’uo/z W - 2.3
BxC "3, 27 . 10.94/2.83° °  3.87 =
. - .. . * t ' S 4
Bx D - | 6, 5S4 {.38/2.45 - .56  /
cxDp - 2, 18 1.9T/2.458 61 4
RX CxD 6, sS4t 1.49/1.63 .92+
##% p ¢ .001
** pg.01
. » y . ‘:'f:o
p&.05 % . :
S ¢
* [ ES
) r

~
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APPENDIX XIX. ‘ .' , e

Summary of Analvsis of Variance on’ the percewtage of cor-
rect T2 responses in the A, B, and C subconditions, ani _

the Control Tondition in Exp. II.

-

[=2

jal

Source daf M§;H8§rror
7 B = Delay 3, 27 '316.74/10.39 30.47 #ee
¢ = Conditions 3, 27 B 37.28%9.3h; 3.99 *
D = Blocks 2, 18 2.31/4.70 .49
BxC ' c 9, "1 3.8873.69 1.05 )
B xDe © 6, Sk 6.16/3.15 1.95
CxD _ 6, sS4 3.33/5.86 .57
BxCxD 18, 162 £ 1.68/4.45 .38
*e% p 2,001
) »n 24;0_1 i
* 2‘..05 . ’ :
. ‘ - 5
~—
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APPENDIX XX : .
Summary of Analysis of Variance on the rcentage of cor-
rect T2 responses in the A subcondition and Control Con-
dition in Exp. II.
Source . ar . _MS/MSerror = -
U
" B = Delsy 3, 27 139.67/7.38 18.92 #»e . .

C = Conditions 1, 9 6,67/3.39 1.96
D = Blocks 2, 18 C.72/307 .23
BxC 3, 27 5.20/4,41 ' 1.18 )
é?x‘n, .6, Sk 1.25/3.27 .38
C %D 2, 18~ .62/5.42" 1} >
B L1 '

x CxD 6, 54 . - 1.48/3.62




APPENDIX XXI
. . - .
Summary of Analysis of Variance qn the percentage of cor-
.rect T2 responses in the B subcondition and Control Con-

dition in Exp. II.
. Source , ar MS[HSerrér P
B = Delay 3, 27 178.77/%.29 33.82 wes -
7 C = Conditions 1, 9 | -3%.27/Q.b; 3.72 :
D = Blocks 2, 18- £ 2.12/6.08 ST
3 B x c ~: 3,272 -~ 3.70/1.01‘» 5’,91
: BxD 6, Sk 3.90/3.49 1.12
CxD ° 2, 18 2.8274.79 ' ‘ e
BxCxD 6, 54 1.93/3.25 \ .59
- ~ . S :
"wee p2.001 ~
" . 501 ’ .
* pL'.05 . . &

>
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" APPENDIX XXII )
Summary of Analysis of Variance on the percentage of. cor< .
rect T2 responses in the C subcondition and Control Cgn-
dition in Exp. II.
Sourcé L dar __MS/MSerror . - F -
B = Delay 3, 27 138.72/5.91 T 23,40 ees
C = Conditions 1, 9 B 4. 02/6 53. : 2.15 :
© | r
D = Blocks® 2, 18 6.72/3.50 1.92 , |
BxC. - 3, 27 .65/2.83 .. 23 L
- BxD 6, 5k - 2.65/3.09 .86
» cxD 2,18 . 1.82/4.44 .41
'BXCxD: 6, 5b 2.68/3.43 .78
! - ( L ~
) 5 - -
1 2y 24'00_1 .
** p&.01 . . - 6 ' c
* pe.0s™ R : S~
- ) - Vd
. ’7} :
9 '
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.
-~ .

Summary of Analysis of Varlance on the percentage of cor-
rect T2 résponses in Conditions I, II, III, IV, and V in

EXD. III. '
. - Source - af MS/MSerror F
B = Delay 3, 27 258779/b.13 61.99 *es
C = Conditions 4, 36 1.64/2.83 .58
D = Blocks — 2, 18 1.97/2.68 .52
‘BxC . 12, 108 5.70/2.89 1.97 =
B xD 6, 54 1.45/1.67° Y 1
cxD 8, 72 1.34/2.61 .51
B x:C x D 24, 216 3.53/1.97 . 1.79 =
- ) . Yo
. sev pg.001 , S S \
R ‘ - R‘ .61 - E o
'+ pe.0S SN
. =S
K
N 19
. <




APPENDIX XXIV <.

Summary of Analysis of Variance on the percentage of cor-
r¥ct T2 respouses in the Intertrial (1) and Control (V).

Conditions in Exp. III.: : ..
Source j df _ !ES/MSgrror - LA
B = Delay , 3, 27 100.44/3.8¢ T 28,15 ses
C = ‘Cond¥tions 1, . 5.10/3.62 ' 1.41
D = Blocks 2, 18 ._,.68/1.'39 ' a9
BX Cc o 3, 27 12.85/3.02 Ch,13 .
BxD 6, sk 2.99/1.59 1.88 .
¢xD 2, 18 2.93/1.7% - - 1.68
BxCXD 6, b 6.59/15793 Tt 3. . -
#*% pg ,001 .

**.pg.01

* p&.0S - : . )




]
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ny
87}

. . ) d ' ‘v
. | APPERDIX XXV

Summary of Analysis of Varience on the percentage of cor-
reet T2 responses in the Sample Plus One Side Key Positive
(II) and Control (V) ?nditions in Exp. III..

S
‘® ° »
L] -

Source ' af HS/HSe}ror R F
B = Delay 3, 27 75.23/2.39 . 31,39 *as
C = Conditigns 1, 9 3.95/3.00, 1.25
D = Blocks 2,718 .05/2.26 02 .
BXC., - - 3, 27 4.89/3.01 ._ 1.63 . -
BxD G5k 1.48/2.05 . -
.cxD .2, 18 1.55/2.37 .65
BxcxD * 6, 56  2.23/1.28 \ LA *
: : :
**# p £ .001 e : -
s pe.01

* D g.05 ' . f'

-0
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- APPENDIX XXVI
® Sumnary of Anal~y'sls of Varla;lce on the bereentaze of cor- )
. ..  rect T2 responses .in the One Side Key Positive (III) and
"- ¥ Control (V) Conditions 1n &£xp. III.. ‘ a .
Source , af’ 7'F.IS/HSerroz:' . P
B = Delay | 3, 27 75.;/8/3.5‘+ 22.56 ves
C = Conditlons 1, 6 «60/.91 »66
D = Blocks - 2, 18 .09/1.36 .07
BxC B 3, 27 "1.77/3.43 .Sé
BxD . 6, 5S4 1.29/1‘.79 72
\c x D o 2, 18 .2.01»/2.65 .76 .
BxCzxD ‘6,"\514 2.27/2.04 1.11 .
**f p &.001 _ '
- pe.01 |
- 2"‘ .05 & ; .
: S
'
v
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APPENDIX XXVII '
Summary of Anslysis of Vérlance on the percentaze of cor.’
" rect T2 responses in the Intratrial (IV) and Control. (V) *
Condd tions in- Exp. II1I. ;
, ~
N o Source ar MS/MSerror ' F
- B =Delay 3, 27 84.78/3.72 t 22,76 wes
) C = Conditions 1, 9 1.35/3.67 L
D = Blocks 2,18° - 1.95/3.01 . ,65
’ . BxC . 3,274 3052/3.10 1.13
" BxXD 76, sk 7 L.23/1.73 2.45 =
cxb’ - 2, 18 - .15/2.84 .05
BxC x-D. . 6, Sk 2.55/2.01 1.27
%
¥
*es% D g .001 L -
' *t pg .01 .
% p&-05
" . . LY
‘ ) .
L 4 } .
nm ,
4
o s
o - by
ty




APPENDIX XXVIII

Two-tailed<t- tests on retention loss scores, shorter delay

percentage minus lenger delay percentsge, in Exp. III.

\_\

Conditions

Retention Interval

ar 't
I vs. V +0 tog2 sec. 9 1.16 p.1
II vs. V 0 to 2 sec. 9 2.06 py».0S5
IV vs. V 0 to 2 sec. 9 1.75 p2.1
I vs. V 0 to 6 sec. 9 3.68 p&.0l
III vs. V 0 to 6 sec. 9 1.98  py.05
IV vs. V- 0 to 6 sec. . 9 1.52 p9.l

i

‘W
P




Summary of Analysis of Variance on the percentage of cor- -

APPENDIX XXIX

s "

rect T2 responses in the Control, 1 Presentation, and 2

Presentations CTonditions in Exp. IV,

°
Source, df ,Hslpéerror F

"D = Delay 3, 27 68575.05/889.62 77.08 ®an
€ = conditions 2, 18;E 7052.52/1010.37 6.98 #e
I = ITI 2, 18 336.05/185.46. 1.81.
B = Blocks - 3, 27 457.57/254 .46 1.79
Dxc 6, St 500.72/290.46 1.72
Dx I 6, 54 151.61/162.9&_ .93 f
D x B I 9, 81 318.29/219.36 1.45
cx1 b, 36 1lk.97/202.86, .59
CxB:® 6, 5b '244.36/177.97 1.37
IxB 6, S 50.02/119.99 42
DxCxI 12, 108  185.40/134.52 1.38
DxCxB 18, 162 13§.62/17J.38 .80

D xIxB 18, 162 281.84/172.25 \;.6#
CxIxB 12, 108 28.21/194.75 o1l
DxCxIxB 36, 324 182.85/142.42 1.28

132
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™~

Summary of Analysis of Varliance on the percentage of cor-

- rect T2 responses in the Control, 1 Presentation, and 2
Presentations Conditions (collapsed across ITIs and ’
blocks) in Exp. IV.

e

B Source ’ . ar MS/MSerror ___P

B. = Conditions . 2, 18 586.46/84.,23 6.96 =

. .
C = Delay 3, 27 5711.73/74.28 \ 76.8Q eas ;

4
BxC B, 54 b1.50/24,13 ! 1.72°
L - < :
\
#¥% p & .001
** p¢.01 | :
* p&.05 "
[
o}
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APPENDIX XXXI

Summary of Analysis of Variance on the percentage of cor-
rect T2 respprses in the Control and 1 Presentation Con-
ditions (collgpsed across ITIs and blocks) in Exp. IV.

Source MS/MSerror S

B = Gonditions 346.74/72. 51  4.78

C = Delay 3261.01/70.69 46,13 ewe
.3 .C ’ 15.75/22.41 «70

#%% p 2,001
* PLOS
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APPENDIX XXXII ) .
- -
Summary of Analysis" of Variance on the vercentage of cor-
rect T2 responses in the Control and 2 Presentations Con-
ditions (collapsed across ITIs and blocks) in Exp. IV.
Source af MS/MSerror ' F
B .= Conditions 1, 9 1169.84/150.71 7.76
~ . -
.C = Delay 3, 27 3885.19/56.14 £2.21 nen
 BxC 3, 27 74.,82/27,65 2.71
" we¥ pg.001 - /
*% p ¢ .01
» P<£ .05 -
) -
Q
» . -
. ) 8
a 4 ) <« * /
. Y s e ‘ | .
e N L, :
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APPENDIX XXXIII

.
- -

X o
Summary of Analysis of Variance on the percentage of cor-.
rect T2 responses in the Control, 1 Presentation, and 2 ,
Presentations Conditions at/ each delay in Exp. IV.
O0-sec. Delay 2 ’
: —_— %
Source . ar . MS/MSerror F
Conditions’ 2, 18 ¥ 15.41/8.89 ) 1.73
‘2-sec. Delay .
Source ar “MS/MSerror: -~ P
Conditions 2, 18 . 132.36/3@.&8 _3.63 =
6-sec. Delay 2 '
Source . af ., MS/MSerror - __F
Conditions _._ 2, 18 248.81/47.55., 5.23 ¢ >
10-sec. Delay i . : . *
© Source af MS/MSerror . P o
: . ) ° f
Conditions 2, 18 314.38/63.84 - 4,93 =
M . Qﬁ .
*2% pg.001 : . . o o ) <"
»e BL'OI . . .
* pe.05 -, . | | | ‘
’ ) “‘ Py l“




APPENDIX XXXIV

L ]

Summary of Analysls of Variance on :the percentage of cor-
rect T2 responses in the Control Cqndition in Exm.

- hd

.Source\ - ‘ ar HS/HSerrer P
! B = Delay 3, 2¢ &3.12/5.97 _ T 10,87 ane ’ ~|
C = ITI 2, 18 C.03/.550 .05
D = Blocks 1, 9 15/ .47 - .32
BxC 6, Sk «78/.67 1.18
BxD 3, 27'.‘» .03/.69 Tl
CxD. ¥ T 2,18 . .39/.32 ) 1.20
BXxCxD 6, Sk .82/.73 - 111
' — - 1
ann 2_"'001\ < i}
** p£.01 .
* pg .05
- \. - [4
v . :
-7 ‘. .
« . )
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APPENDIX XXXV

~
- -

Summary ovanalysis'ot‘A Variance on the percentage of cor-
rect T2 responses in the Control and 1 Presentation Con-
ditions at the 2-sec. ITI in Exp. V.

[}
N
~

o ]
Source _df MS/MSerror P
B = Delay 3, 27  S4.18/3.15 17,22 wes
C = Conditions 1, 9 34.23/1.28 26.73 #se
D = Blocks ' 1, 9 2.93/.75 2.71 _
BxC 3, 27 3.561/1.15 3.5 =
B XD 3, 27 1.58/1.00 1.57
txo 15 9 1.60/.32 4.97 .
BxCxD' 3, 27 .22/.98 .22
_ . _
*#% b g 001
** p¢.01
* p&.05
K] 3
. 3 b ']
N -‘ \\,\:

2

0
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Summary of Analys;s of Varlance on the percentage of cor-
rect T2 responses in.the Control snd 1 Presentation Con-
Jitions at thé 20-sec. ITI in Exp. V.

L

Source ) MS/MSerror

= Delay 29.76/3.02
Conditions .90/1.09

Blocks ' 2.03/.6@

c. .30/.51

D .76/.70

D 3 ~ 3.60/.91
.80/.68 .

-
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. , . APPENDIX XXXVII
Summary of Analysls of Varldance on the percentage of cor-
rect T2 responses in the Control and .1 Presentatlon Con-
ditions at the 40-sec. ITI in Exp. V.
Source o ae) MS/MSerror ' F. .
B = Delay 3, 27 30.7_1‘/2.131 . 12,73 #&s S
C = Conditions 1, 9 .23/.81 .28 B
D = Blocks 1, 9 2.03/.55 .3.66
B-x € . 3, 27 .24/1.10. 22
BxD 3, 27 - .28/.53 ' .52

. ¢xD - - 1,9 - .03/.19 .13 N
BxCxD 3, 27 .28/.49 .35
L2 2 '2 4 .001 ) : .

t . o
bl P& .01 : ", ’
u * p& .05 ) . | -
' %
\‘_\ ) :
) - \ ' \
( . i
) ' » *’: . "1*’ '
- . " ’
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APPENDIX XXXVIII

Summary of Arialysis of Variance on the percentage of cd}:-
rect T2 responses in the Control . and 2 Presentations Con-
ditions at theGZ-sec. ITI in Exp. Ve

»
. A3

he

Source af MS/MSerror - F .
B = Delay 3, 27 35.08/1.47 23.92 was
C = Conditions 1, 9 21.76/3.02 7.20 *

D = Blocks 1, 9 ‘1.06/.u9 2,17
BxC _3; 27 2.02/1.49 1.36
BxD ' 5, 27 1.02/.73 1.39
CxD 1, 9 -76/.79" .95
BxCxD 3, 27 .86/1.39 .51

“4x p g .001 o

Y peL .9} 2

* pL.05
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* Two-tailed t-tests on retention loss scores, shorter delay
percentage minus longer delay percentage, 1n Exp. V.
,/ - -

142

Conditions Retention Interval

ar .t 2
Control vs. .
2 Presentations ¢ ,
(ITI = 2 sec.) o to 6 sec. 9 2.73 p& .05
Control vse. '
2 Presentations . .
(ITI = 20 sec.) 0 to 2 sec. 9 , 3.54

p& .01
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O3

Summary of Aﬂalysis\gzh:ériance on the percentage af cor-
rect T2 responses in Control and 2 Presentations Con-
ditions at the 20-sec. ITI in Exp. V. .

Source _df MS/MSerror P.
* B = Delay 3,7 27 28.52/2.21 12.92 #es»
C = Conditions ‘1. 9 3.03/1.32 o 2.29 »
) D = Blacks ‘1, 9° .23/1.04 .22
-BxC “ 3, 27 .- «78/.68 1.14
BxD - 3, 27 1.54/.97 1.59
CxD 1, 9. .90/.86 1,05
BxCxD", 3, 27 .52/1.09 L8
.#%% p g 001 . h -
*» pg .01
* pg .05 . )
. -

ﬂ
- { -
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-

Summary of Analysis of Variance on the percentage of core
Ject T2 responses in the Contrdl and 2 Presentations Con-
dition et the 40-sec. ITI in Exp.. V.

144

o . P , . -

Source B { ar ____MS/MSerror P
B =~De‘lay "’ 3, 27 30.‘§6/2.52 12.28 -u_'
C = Conditiorgs 1,.9 /" 9.51/1.15 - "8.30 =
D = Blocks ‘».; 1, 9 1.81/1.39 < 1.30
B x C L3, 27 .31/.89 T
B xD - 3, .27 .11/.'6? . .17
CxD : 1."9 .01/.70 .01,
BxCxD | 3, 27 .37/.83 Ny
=#e pg 001 *

*2 pg 01 :

* p&.05 k
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APPENDIX XLII .

A discussion of the possibility of the operation of a
ceiling effect artifact in Experimenrts I through V. '

[y

The more raﬁid rate of forgetting in the Interference.- Condition
than in the Control Condition has been attributed to the operation

of PI. ‘However, an alternate interpretation inm terms of a ceiling-

‘@ffect on control performance is possible. It could be argued that

cont;pi-ﬁeeforgance at the O-sec. delay is so close to asyyptote
(i;e.é 1002) that thé'é;sec. delay performance is not an aEiurate
reflection of the strength of the T2 memory. That is, i; could be
argued that the strength of the T2 memory is~greatér than that
necessary - to maintain asymptotic performance at the O-sec. delay.

N ..
Furthermore, ?isée the O-sec. delay performance in the Control\ .
Condition’does not accurately reflect the strength ef the T2 memory,
the amount of 1nterference obtained at the 0—sec. delqy (as measured
by subtracting the\interf&rence percentage from the control pércen-

tage) is also inaccurate. That is, the ceiling effect at the O-sec.

delay may result in a consistent underestimation of the trq@ amount

1 -

of interference at-the O-Bec. qelay. Thus, the increase in the

amount of interference from the 0- to the 2—secfrdelay may not be

causgé~by the operation of PI, but rather may result from an under-

a

estimate of the amount of interference at the 0O-sec. delay combined

with an accurate estimate of the amount of 1nter§erence at the 2-sec. (.

delay. The 2-sec. de%@y data represent an acturate estimate. of the

»




amount of interference since control performance at this deiay is
-

well below asymptote (i.e., 100Z). It should be pointed out that

« -

while the. P1 interpretation can account for increasing interference
over the first 6 sec. of the reténtion interval, the.eeiling effect .
interg?etation’can.only acc;unt for increasing Interference over
the firsé 2 sec. of the retention interval.

It certainly is of considerable importance to determine
. whether the increasé in thg magnitude qf the interference gffect,
from the O- to the 2-sec. delay, in the prbseﬁf experiments was

a true PI effect or an artifact of the ceiling effect. To acéomp—

1
]

lish this'task, Ehe ten Ss were dﬂvided into_two groups of five

Ss each. Group CE (ceiling‘effect} consisted of the five birds
with the highest percentage of:corfec£>responseé in‘the Control
Coﬂdition ag;the 0~sec. delay, while Group NoCE (no ceiling effect)
.consisted of the five birds with the lowest percentage 9£ cofrect
_responses }n thé Control Condi:iog at thé O-sec. delay. In Exp. I,
this div;siop_resultéd in Group CE havihg a mean of 99.22 cqrfect_

at the O-sec. delay in the Control €ondition, while Group NoCE
- Co A\
had a mean of only 90.0% correct at the O-gec. delay ir¥"the Control

Condition. .Thus, the birds in'Group CE ‘are clearly at aéymptote

and a céiling effect could he.operative, whilegthe bir@s in Group

. e
NoCE are clearly not at asymptote and a teiling effect could idot,

operate. A ceiling effect iﬁterpr tiop yould predict an increase

in-the amount of interference fiom the O=_to the 2-sec. delay in
. o ~ £

L3
-

‘Group CE but not in éroup NoCE. Om the other hand, a PI interpre-

tation would not predict a differential 1ncrea§é in the amount of




v

.

interferente as a function of performance.at O-sec.

<J

The results of the ceiling éffect—no_cefling effect analvses
are shcvn in Table A. -Of the four compariéons made between é}gup
CE and NoCE.in Exp. I, three demonstrated a greater increase in
the amount of interference from the 0-~ to the 2-sec. delay in
Group NoCE than in Group CE. This finding clearly contradicts
the ceiling effect 1nterptega£ion. In only one case, the 4 Tl

Prssentations Condition,idid Group CE demonstrate a greater in-

crease in -interference than Group NOCE. Nevertheless, Group

- NoCE still demonstrated increasing interference over the first

<

X secs of the retention interval and® this increase cannot be
interpreted in terms of a ceiling effect artifact.

.In Exp. 11, the CE-NoCE division resulted in Group CE having
LY J .

a mean of 97.2% -correct and Group NoCE .having a mean of 88.9%

correct at the O-sec. delay in the Control Condition. In the
Sample Present Condition (Fig. 9), Group CE showed a greater in-

crease in the amount bf interference from O to 2 sec. than did
%

Gfoub NoCE. However, the substantigl increase in the amount of

inteqfereq;e-demonsprated by E;Bup NoCE (11.2\percentage pointsj

-

caﬁnot’be interpreted in terms of a ceiling effec::artifaét. in’
subcoﬁdition B (%1@, 10), no argument for a ceiling effect can be
mainta{ned‘since 8ix of the ten Ss had a higher pefcengage Bf
corxgct_;esponse; at ‘the 0O-sec. delay 1n.the Interference qudition
(subcohdlfion B) than in the Control Condition.,_Wh;n the birds
wérgﬂdiviaéd iato CE and NoCE Groups, it was found that Group CE

had a higher percantage of correct responses at the O-sec. delay



To. Table A N

©
. Some data relevant to the ceiling effect artifact versus the PI
. interpretation of th& increase in interference from the 0- to
. - . the 2-sec. delay in Exp. I, II, and IV.

]
L

, E4;: Conditdon Group- ° Amount of Interference "Increase )
k\ ye . 0 sec. ’ 2 sec. 0 to 2 sec.
1 Interference . CE (99.27) 12.3 17.8 5.6
(Fig. 5) NoCE (90.0%) 8.1 16.4 © 8.3
I . 1 Tl Presenta- CE:(99.2%) 6.7 10.9 ) - ’
tion (Fig. 6).  NoCE (90.0%Z) O ' 12.5 12.5 -
1 4 Tl Presenta- ‘'CE (99.27) 12.5 . 26.7 14.2
. ‘tions (Fig. 6) NoCE (90.0%) 14.2 . 20.9 6.7
I 6 Tl Presenta-  CE (99.2%) 172.5 ~ 15:9 - 1.6
* tions (Fig. "6) NoCE (90.0%Z). 10.0 15.9 5.9
II  Sample Present CE (97.22) 1.1 18.3 17.2
(Fig. 9) - .- NoCE (88.9%). 4.4 15.6 11.2
IV 1 Tl Presenta- CE (89.0%) 1.7 6.9 5.2 -
.tion (Fig. 13) NoCE (90.62) 1.9 2.3 4
IV 2 Tl Presenta- CE (99.0%) > 2.3 10.4 8.1
tions (Fig, 13) NoCE (90.6%) 2.5 3.8 1.3

-

| N -1 ~
‘!‘1 = * ] o

All data is in percentage points.

The percentages in parentheses after the group designation represent the

mean of that group at the O-sec. delay in the Control Conditidn. -
® ) . . :

Amount of interference: percentage of correct T2 responses in the

Control Condition minus percentage of correct T2 responses in the

Interference Condition. . . »

Increase in interference from 0 to 2 sec.: Amount of interference

at the 2-sec. delay minus amount of interference at the 0O-sec. delay.

4




[
»

in subconditio 98.3%) than in the Control Condition (97.2%).

Thus, no ceiling effect could operate in Group CE. In ad&ition,
. -
of course, no cgtling effect could operate in Group NoCE since

1 T
control perfaormance at 5he’6:;;c. delay was only at the 88.9%

correct level, far below asymptote.

-

As was the case for subcondition B in Exp. 1I, no ceiling
< . - N
effect could be operating on any of the four Interference Condi- )

-

tions i@ Exp. III (Fig. 1l1). This was the case since interference
~
performance was above control ‘performance-at the O-sec. delay in . .,

‘all four Interferencé Conditioms. Thus, the argument that the
interference generated at the O-sec. delay was masked bv asymp-
P L~ ,
1‘ntic control performance at that delay ﬂi.e.; the ceiling effect

argument) cannot e maintained when {nterference performance exceeds
. : e P
L.

control performance at the O-sec. delay.

CE and NoCE Groups were formed in Exp. IV. Group CE had a

mean of 99.0% correct and Group NoCE a mean of 90.6% correct at

. - )
the O-sec. delay in the Control Condition. The increase in the

magnitude of thekinterferénce effect from the Q- to the 2-sec.
. o [ . .
delay was analyzed as a fumction of thesegoups for both the 1

Tl Presentation Coddition and the 2 Tl Presentations- Condition

—— .

(Fig. 13).. In-both Interference Conditidns, Group CE showed a

much greater, increadse in. the .amount of interference from the O-
, o . . .

to the°2-seé. delay thanr did Group NoCE. In agdftion, the increase

o - < .
shown by Group NoCE was negligible. Here then is the first instance
in which a ceiliﬁg effect artifact may have, in large part, pro-

. )
‘duced the weak imcreasing interference efféct obtained in Exp. IV.

)

s



.

<>

& - . .
- It should be pointed out that the CE-NoCE anairsis does not indicate

that a ceilﬁpg effect artifaet.was reSponsible, foi the increaging

o -

interfet@nce Rathe:t tte analysis only indicates that the_pos- : ;
siBiIity of a ceiiing\eftect artifect,cannot be ruled‘gpt;in.Exp;_
. . c ' _ . ! . .

Unfortdnately, legitimate ceili;g effect and no ceiling

. .

effect groups . could not We formed id'gxp V. Control performance
at the O—sec delay as $o high that Group CE had a mean of 1002
é

correct and Group NoCE had 3 mean of 94.27 corréct. Ou the ba¥is ‘ .

- of the high pegformaneg in Group NoCE, it could be argued that
this group was.also subject to che possible operat::n of a ceili;g )
effect artifact. However, on the eQiis oi:the results og the CE- - b
. ) NoCE analyses of prior experimenes, it" seems unlike nat the >

~

large increase in the amourt of .interference from tRe ©- to the

2-sak. dela}‘at the 2-sec. ITI in Exp. V (Table'6)-ceu1d be entirely e
. v . . . » -

v -
- , . .

. L 4 . .
produced By the operatfom of a ceiling'arﬁifact.

%0 ., . On the basis of the CE—NoCE analyses, it can be . concluded N ) pE

. that the increase-in the amoumt of" interference from the 0— to

-

the 2-sec. delay in the first three experiments ﬁae not produced

by a ceiling effect artiﬁact. Rather, the increase in the amount
of interference seems clearly to have been produced by the opera-~

o ) " tion of PI. In fact, in most cases in the firet three experiments, .

birds which could not have been affected by a ceiling effect arti-

fact showed a larger increase in interference than birds which

" ‘ could have been affected@yy a ceiling effect artf%act. Exp. IV

is the anly experiment which yieIded evidence compatible with
R ] . L . ~ Y




¢ ' “
$ - : : ]
the notion that a ceiling effect-artifact may have resulted in the

weak increasing interference effect which.was obtained in that

.

=2 experiment. N L

Before leaving this topic, one additional aspect'of the data

presented in 'rable A deserves consideration. Rec;il that the >

R

ceiling effect argument predicty-lat A'oup CE ‘'should resulg in

. a greater increase in interference because of an underestimzftion
& .

%f interference at the O-sec, delay and an accurate estimation of -

interference a; the 2-gec. delay.//Thus, Group CE should result

-

in considerably less interferénce than.Group NoCE at the O-sec.

- .

delay, while both grougy ‘should result in an equal amount of [

interference at the” Z-sec. delay. An examination of the four
- \',-

cases in which Group CE showed a'greater increase in interference

. \ ) ¢
than Group’'NoCE neveals that in all cases the fa-c‘t that Group CE ’

s

_showed more interference than,Group NoCE “at -the 2-sec. delay was .

‘mginly responsible'for ;he ci,ifferential increa's%,in interfe_rence.
s poift is illustrated more cl‘early in Table B In each of
R othg four cases. the greater increaee .12 inter ference demonstarated R
.. by Group CE is/conipoaed of two componenfs.’ The first compc‘:neht '
-7 | is produceéd by the act that -Group CE showed"leesQinterferencblat

) the O-Qeg. delay than Group No.CE;c. :hiss component is the true" |

.‘ ceiling effect comp_onent. 'fhe secon.d cowonent is produced by .the

s fact that Group LE showe;l more interference at the 2-sec. delay .

R than Group NoCE;”¥ th.is component cannot be attributed to a ceiling .
- - . -

effect. In three of‘ the four cases, the non—cailing efEect gomponent




Table B

The greater increase in interfgrence from the 0- to the 2-sec.
delav for Group CE than for Group 'NoCE is shown as the sum of !
two components

.

——

r

Exp. Condition NoCE minus CE
(O-sec. delav)
(ceiling effect
component) ¢

.CE minus NoCE
(2-sec. delay)
(nonceiliqg ef-* increase from
¢ fect component)

CE minus NaCE
(interference

0 so 2 sec.)

1 4 1E”Pr?sen;a- -
tions: 1.7

I1 = Sample Present 3.3
IV < 1°T1 Presenta- 4

14

v 2 T1 Presenta-
tions .2

tion _ .2 >

Sls’

2‘7

4.6

6.6

7.5

6.0

4.8

6.8

All data is in percentage poigts.

Ceiling effect compoment (0-sec; delay): A
demonstrated by Group NoCE, minus amount of interference demonstrated

by Group CE at the O-sec, delay.

»

N wceili'ng effect component (2-sec. delay):

)

Amount of interference,

Amount of ifnterference

dempnstrated by Group CE minus amount of interference demonstrated

by .Group NoCE at the 2-sdc. delay.

Third columm: Group CE increase in interference from 0 to 2 sec.

minus Group NoCE increase in interference from 0 to 2 s

of celling effect and nonceiling effect components.

qté Or, sum




"

. - ’:-v\ ~ B e e e i et

NN T
contributed more to the greatéﬁt&rqup CE increase in interference
than did the ceiling effect codponent. In éddition, in at least

two ¢ases, the contribution of the ceiling effect component can

_certainly.be considered to be negligible.

.On the basis of the preceding discussion and the data presented
in Tables A and B, it can be concluded that the results of the
present e*periment are totally uncontaminated by a ceifing effect
All cases in which increasing interfarency with increas-

artifact.

ing delai was ¢btained can be considered to reflect the operatien

of a true PI effect.

N - B
N i
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