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CHAPTER

Prouttive ond Relroutlive Effetts in
Memory Performun(e: Dissotioting
Rerollertion ond Attessibility Bius

Lorry L. Jocoby

Sqndro Hessels

Korq Bopp

everal years ago at a conference, in discussing a problem for some people of

easily becoming lost in new surror-rndings, Robert Crowder shared his strategy

of sropping frequently to look back at the route he had just traversed, saying

that doing so serves the important function o[ allowing one Lo see the route as it

will appear when one returns. Stopping to look back is a generally useful strategy

even rvhen one cannot truly retum. Looking back at his accomplishments, Bob has

good reason to feel ̂  gre L deal of pride. Among his greatesL accomPlishments are

rhe students that he mentored, many who have gone on to become leading researchers

and joumal editors. Here, using Bob's strategy of looking back, we argue that much

of the current research on memory has unknowrngly returned to problems [hat hal'e

been invesrigated, specifically proactive and retroactive interference.

As described in Crowder's (i976) influential book, the interference theory o[

[orgetting was seen as "the most comprehensive theoretical system in the field of

human leaming and memory" (p. 2I7) McGeoch (1932) argued thar forgetting is

the resuh of interference rather than decay with the passage of time or disuse. The

protolype design used to investigate retroactive interference is owed to MUller and

Pilzecker (1900, cited in Crowder, i976). For that design, there are r\\ 'o conditions,

borh of which leam a first iisr o[ verbal items and later are tested for memory of

rhat l ist (Table 3.IA). The control group is allorved to rest dunng the interval between

the srudy and the test, whereas the expenmental group learns another l isr o[ items,

an inrerpolared list, during that interval. The advantage in retention perlormance
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T A B T E  3 . I

Example sequence of events in retrooclive inter{erence ond misinformation effect

CONDITION TriAE I T t l E 2 TIME 3

rl_

B .

Retroactive interlerence
Experimental
Control

Misin[ormation e[[ect
Experimental
Control

Learn A-B
Learn A-B

Leam A-D
Rest

Test A-B
fest A-B

Mother-ri'eekend Mother-2 weeks Test

Mother-rveekend Rest Test

of the control condition over the experimental condition defines retroactive inter[er-

ence. The standard procedure for such experiments became paired-associate learning

wirh the experimental condition conforming to an A-B, A-D paradigm: Two different

responses, B and D, are learned in association to the same stimulus. By McGeoch's

(I9+2) response competition theory, retrieval flailures occurbecause some unwanted

inlormation is retrieved rather than the sought-after inflormation. ln the case o[

re[roactive interference, the response learned in the second list (D) "blocks" retrieval

o[ the first-list response (B). The basic idea is that forgetting results from blockage

o[ retrieval (accessibility) caused by competing information rather than from actual

loss of information from memory.

Crowder  (1976)  re fer red to  McGeoch 's  (1942)  rheory  as an independence

hyporhesis and contrasted that hypothesis r,r'ith the unleaming hypothesis that later

dominated theorizing about reLroactive interference. The independence in question

is berween the iearning of flirst- and second-list responses in the A-8, A-D paradigm.

By McGeoch's theory, leaming o[ a second association (A-D) does not influence

the association of an earlier response (A-B) but, rather, has its elfect on retenlion

perlormance by providing a competitor for the earlier response. ln contrast, the

rheory o[ unlearning holds that learning of a second association weakens the earlier

association, a dependence hypothesis. The unlearning hypothesis originated from

experiments by Meiton and lnvin (i940) rvhose results shorv that the forgetting o[

paired associalions from a lirst list could not be luily accounted for by inrerlist

intrusions. Such intrusions, responses lrom the interpolated list that were rtistakenly

given in place o[ the first-list response, would be expected to account lor ali effects

o[ retroactive interlerence if lorgetting is caused by second-list learning competing

unrh earl ier leaming To explain the discrepancy, i t  u'as argued that leaming o[ a

response to a sl imulus in an interpolated hst requires unlearning or weakening of

the earl ier learned response. Retroactive rnterference was said to ref lect both response

competit ion and unleaming.

Posrman and Underwood ( 1973) combined the notions o[ response competit ion

and unlearning by proposing a trvo-faclor theory o[ [orgett inq to account for proactive
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and rerroactive interference. For proactive interference, it is the influence o[ prior

learning that is oIinterest (Table 3.2A). The experimental group [or proactive interler-

ence is the same as for retroactive interlerence except it is memory [or the interpolated

list that is tested. The control group "rests" rather than engaging in the prior leaming.

Proactivc interference is measured as the retention advantage o[ the control over

rhe expenmental groLrp and is said to result from response competition. Effects o[

unlearning are rest.ricted to retroactive interlerence.

There was a great deal o[ controversy surrounding the question oI whether

unlearning or independence best describes the relation between responses paired

with the same stimulus. Against the unlearning hypothesis, Martin (197I) shorvcd

that recail oI a [irst-list response was stochastically independent o[ recall oI a second-

iist response rather than the two being inversely related. An inverse relationship

would be predicted lf learning of the second-list response entailed unlearnins o[

ihe first-lisl response. Horvever, HinLzman (I972) argued that such conditionalized

results cannot be used to establish independence. Some o[ the argumenLs against

the independence hypothesis rvere later used against other claims o[independence-

the independence assumpt ion in  the process d issoc ia t ion procedure (see the

exchange betweenJacoby, B.gg, & Toth, 1997',Jacoby & Shrout, 1997',  and Curran

& Hintzman, 1997; Hintzman & Curran, 1997) and the proposed independence

between recognition and recall put forth by Flexser and Tulving (1978; also see

1993; Hintzman, 1992, 1993; and Tulving 6r Flexser, 1992). The controversy

surrounding the independence versus unlearning hypotheses was never reai ly

resolved. Ralher, interests o[ memory researchers shifted to topics highlighted by

the "cognitive revolution." Investigations o[ retroactive and proactive interference

became unpopular, largely because o[ their having been couched in theorizing about

T A B L E  3 . 2

Memory effect of primes

PR.OBABIUW OF CORRECT RCCAIT

EET\n/EEN.PARNCIPANT

TEST CONDITIONS

WTTHIN-PARTICIPANT TEST CONDITIONS

VATID BASEUNE INVAUD

Mostly val id
Mostly inval id

EETWEEN-PA,RTICIPANT

TEST CONDITIONs

. 8 1
7 7

.67

.69
5 i
.ou

EST|MATES OF RECOLECTTON (R) AND ACCESSIBILITY BlAs (A)

Mostly val id

Mostly invai id
. 3 2
1 R

- tA
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associat ions ancl identi l ied rvith "verbal leaming," a tradit ion viewed as no longer

[ashionable.

At appro>crmately the same time as interest in interference theory u'as declining

i1 Norrl i  America, i t  rvas used by Bntish psychologists to describe excit ing, nei,v

findir-rgs abour rhe memory pcrlormance o[ people with amnesia. Warrington and

Weiskrantz A97C) resred memory by presenting a fragmented version o[ earl ier

studied words as cues lor their retrieval and found that memory performance o[

people wirh amnesia was nearly equal to t.hat of people u'ith normall;' lunctioning

memory. They described their results by saying

it may not be too far-ietched to sLrggest that eiiective normal day-to-da;' memory

demands [har previous events be forgotten or suppressed and the inabilit)' to do

so in rhe amnesic subject produces responses analogous to prior-list intnrsions

recorded in lormal verbal learning experiments. (p. 630)

The notion is thar people with amnesia are more vuinerable to interference than

are norrnal people. Providing fragments as cues lor retrieval was seen as having its

effect by limiring inrerference in a way that allowed people with amnesia to eliminate

incorrect, alternative responses just as people with normal memories. The type of

test used by Warrington and Weiskrantz later became known as an indirect or

implicit test o[ memory, and there is norv a great deal of evidence to show dissocia-

tions between perforrnance on indirect and direct tests for peopie with normal

memory (e.g.,Roediger & McDermott,  1993) and for special populat ions such as

people with amnesia (Shimamura, i9B9) and older adults (Light & La Voie, 1993)'

Similar to the account o[ amnesia forwarded by Warrington and Weiskrantz, ^ge-

relared diflerences in memory have been explained as resulting from the older adults

being more susceptible to interlerence eflects than are younger peopie (Hasher 6s

Zacks, igBB; Winocur, l9B2).

The "misinformation e[[ect" ([or a revie'uv, see Ayers 6s Reder, I99B) can be

seen as an example o[ retroactive interlerence gained by using materials that are

rnore interesting than are paired associales. In her classic experiments, Lofltus (I975)

showed that later presented, rnisleading information can influence memory reporG

about an earlier evenl in ways that are important lor eyewitness testimony. Partici-

pants in her experiment viewed a scene that included a stop sign and were later

asked a misleading question that implied that a yield sign, rather than a slop sign,

appeared in the earlier scene. Participants in this experimental condition were much

more likely to misrakenly report the presence o[ a yield sign in the earlier scene

than were rhose in a control condit ion who rvere not asked the misleading question.

The paradigm conforrns to an investigation o[ retroactive interference wirh the

stop sign corresponding to A-B and the rnisleading question about the yreld sign

corresponding to A-D learning. The misinformation effect refers to t]-re worsened

memory performance o[ the experimental as compared u' i th the control condit ion

just as does "relroactive interference."
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Theoretical accounts o[ the misinformation elfect have also been similar to those

given [or retroactive interlerence. Loftus (]975) claimed that the misleading question

had irs efect by altering the memory trace of the earlier even[, a notion that is

similar to unieaming. ln contrast, McCloskey and Zaragoza (1985) suggested that

misinformation elfects are not reflective of memory change but, rather, are due

to task demands and strategies that are similar to those accompanying response

competition. The misleading information is seen to provide a competitor for response

in the same way that a second-list response competes with a first-list resporse. Just

as is found for retroactive interference, the misinformation efllect is larger for older

in cornparison lvith )'ounger, adults (Cohen & Faulkner, 1989).

As described above, increased susceptibility of older adults to interference or

misiniormation elfects means only that they are more iikeiy to use incorrect or

misleading information in tests o[ memory. Our goal is to better understand the

basis for that differerrce. We forward a dual-process account o[ retroactive and

proactive interlerence that differs in important ways from the traditional account

that appeals to unlearning and response competition. Our approach distinguishes

between recoilection and aut.omatic influences of memory (e.g., Jacoby, 1991) and

seeks to measure [he contributions of the two t]?es o[ processes. Recollection refers

to a consciously conLrolled use o[ memory where impairment is largely responsible

for amnesia and age-related diflerences in memory. Recollection is assumed to be

independent o[ more aulomatic forms of memory that are largely preserved in people

with amnesia and older adults and are, to some exlent, revealed by performance

on indirect tests. Vy'e argue that in corrtrasl ^ro alier-native approaches, the greater

susceptibility to interference shown by rhe older adults is a consequence rather than

a cause of age-related differences in memory. We show [hat retroactive and proactive

interference some[imes result from an effect on an automatic influence o[ memory

rhat we Lerm "accessibility bias" without changing ability to recollect.

"l Told You . . ." 2 Analysis of u Misinformution Effect

Suppose that a wrfe telis her husband that her mother is going to visit for a weekend.

Afier a delay of severai days, she attempts to create a flalse memory b)' saFng, "As

I told you, my mother will arrive this weekend for a 2-week visit." The husband

might accept the misinformation conveyed by the false "l told 1'ou . . ." claim,

mistakeniy concluding that he was earlier informed of the impending lengthy visit,

u,hereas he would have correctly remembered the earlier conversation had it not

been lor the lalse claim (Table 3.lB). lf rhe husband had challenged the "[ told you

. . ." claim, the wife migl-it respond by accusing him o[ not pafing full attention to

their earlier conversation, suggesting that lack o[ attention has effecrc that are the

same as those oI misinlomration. Although lack of allention can undoubtedly result

in misinforrnatron. 1.,'e shorv that effects o[ the [wo are sometimes very different.

( )+- t r loSSCl l  l
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We suspect that scenanos of the above sort are common and that the potentiai

power o[ a false "l told you . . ." claim is rvidely known. As described ialer, lalse "l

told you . . ." claims are a cotnmon piol' used to delraud older adults.

Our experiments invcstigating tire "l rold you . . ." effect used materials that

are much less interesting than a visiting mother-in-law and, at mos[, no more

interesLing than the paired associat.es used in investigations oI retroactive interference.

Pairs o[ related words (e.g., knee bone) \\,ere presented for study. ln one condition,

participants devoted full attention to study. ln a second condition, divided attention,

parricipants studied the u'ord pairs u'hile simultaneously engaged in a iistening task

that involved monitoring [or sequences o[ three consecutive odd numbers. Memory

was r.esr.ed by providing the lefthand member o[ each pair along with a fragment

o[ rhe righrhand member (knee b-n-) as cues for its recall. immediately prior to

the presentation o[ the recall test, a pnme rvord was presented. The prime was the

same as the target word (a valid prime), an alternative to the target word (an

invalid prime), or a neutral nonword stimulus (a baseline prime). The design o[ the

experiment is outlined in Table 3.3.

For now, consider only the invaiid prime and baseiine conditions, which corre-

spond to the experimental and control conditions in a standard investigation o[

retroactive interference. The invalid prime condition was meant to colrespond to a

false "l told you . . ." claim. For that condition, a plausible alternative to the target

rvord was used as the prime. The aitemalive was plausible in that, like the target,

ir was related to the context word and u'ould complete the fragment. As expected,

present.ation of this invalid prime produced a misinformation effect, or retroactive

interference, compared with the baseline condition in which a prime word was

noL presented (Table 3.4). That is, presentation o[ an invalid prime decreased the

probability of correct recall and increased the probability oI the prime being mistak-

enly reported as earlier studied. Dividing altention reduced the probability of correct

recall and increased false recall for both rhe invalid pnme and baseline conditions.

The probabilities of correct and false recall add up to approximately I-0 because

marerials were selected to aliow only tu'o possible responses to each test item, with

T A B L E  3 . 3

Basic procedure used for volid ond invalid prime experiments

TEST PHASE

STUDY PHASE CUE
WOR,D AND TAR.G€T

WORD
FRAGMENT

TEST
CONDITION

bed sheet
eagle bird
knee bone

c l e e n

6161616r
bone

bed  s -ee -
eagle  b-d
knee  b -n -

lnvalid prime
Baseline (no prime)
Valid prime
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I A B L E  3 . 4

Probability of correct recollfor prime conditions

PROBASIUTY OF CORRECT RECAIT

TEST CONDITIONs

STUDY CONDITION vAuo BASELINC INVALTD

Full  attention
Divided attention

s l  (  i e )
.65 ( 3+)

7 l  ( .28)
53 ( 44)

.5e ( .4r)

.38 ( .62)

EsrrMATEs OF RECOI. I -ECTION (R) AND ACCESSIBIUTY BIAS (A)

STUDY CONDITION R A

Full  attention
Divided attention

4 I
.0'+

.67
A q

Nole. Numbers in porentheses ore the probobil i t ies of folse recol l .

those responses being ones that would come to mind for most people. Also partici-

pan[S were instructed to respond to each test item, guessing if necessary.

How did rhe invalid prime have its effect? One possibility is that the invalid

prime replaced or altered memory for the earlier studied response (cf. Loftus, 1975).

On rhis hypothesis, the reduction in correct recall produced by the invalid prime

is nor different in klnd from the poorer recall produced by dirnded compared rvith

full arrention during the study. For both, the difference is because o[ poorer memory

for the earlier studied list. Hoi,vever, there is another possibility: Perhaps the partici-

pant giving the invalid prime as a response was a consequence rather than a cause

of poor memory. That is, perhaps participants gave the prime as a response only

when they could nol remember the earlier studied, target word. This account holds

rhar rhe effect of an invalid prime is ver), dilferent from that of dividing attenlion

during the study. Rather than reducing memory for the earlier studied list, the

invalid prime has its effect by' means o[ accessibility bias: Presenting a word as a

prime makes it more accessible as a response to be used when one is unable to

recollect the studied'uvord. By this vielr', dividing atlention caused poor memory

for the original list, ri'hereas an invalid pnme had its effect only after memory for

the original list had failed.

l f  the prime exerts a simple bias el iect that is based on accessibi l i ty, then the

debiliraring elfect o[ an invalid primc should be mirrored by a iacilitative effect o[

a val id prime. l f  rhe prime causes memoq' replacement, slrnmerry o[ this sort would

nor be predicted. Choosing betrveen the trvo accounts, therefore, requires a third

test condit ion, one for which a val id, rather than an rnval id, prime is presented

(Table  3 .3) .  Resui ts  f rom the three test  condi t ions can be combined to  separate

eflects o[ the pnme on accessibi l i tv bias lrom dif ferences in recol lect ion.
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l [  presentation o[ a prime only inf l t tences accessibi l i ty bias, then, compared

with the baseline condition, the increase in false recall produced by presentation of

an invalid prime should be olfset by an increase in correct recall produced by

presentation of a val id prime. That is, the probabil i t ies o[ correct recal l  for the val id

and inval id prime condit ions should be symmetrical around t ire basel ine condit ion

(Table 3.4). To separate the contr ibutions o[ recol lect ion and accessibi l i ty bias,

assume that for each o[ the test condit ions, part icipants can sometirnes recol lect t ]re

studied word, with probability R. Afier a valid prime, when recollection fails (I - R),

participanls correctly give the prirne as a response with a probability (A) that reflects

accessibility bias influenced b)' the prime. For the valid prime condition then, the

probabil i ty of a correct response is the sum o[ the probabil i ty o[ recol lect ion o[ the

correct word and the probabiiity that accessibility bias results in the correct u'ord

when recollection [ai1s: P(Correct Recall Valid Prime) : R * A(1 - R). The influ-

ence o[ the prime on accessibility bias is assumed to be the same for the valid and

invalid prime conditions. Consequently, in the invalid prime conclition, the prime

is falsely reported only when recollection fails and the prime word is favored by

accessibility bias: P(False Recall Invalid Prime) = A(1 - R)

With the use o[ these equations, the probability o[ recoilection can be estimated

by subtracting the probabihty of false recali (FR) in the invalid prime condition

from the probability o[ correct recall (CR) in the valid pnme condition, R :

P(CR I Valid Prime) - P(FR I Invalid Prime). This measure resrs on a rationale that

is similar to that for subtracting false alarms flrom hits to measure "lrue" memory

(see Snodgrass 6r Corwin, 1988, for a discussion o[ measures of recognition memory

performance). Given an estimaie o[ true memory (recollection), accessibility bias

can be estimated using the probability of false recall in the invalid prime condition:

A : P(FR I lnvalid Prime)/(I - R). Accessibility bias reflects use o[ the prime, a

form o[ memory that is assumed to be independent o[ recollection o[ the target word.

Gaining estimates o[ R and A by means of the above equations shows that

divided, compared with full, attention during study influenced recollection but lelt

estimated accessibility bias unchanged (Table 3.4). Did presentation o[ a prime

influence the probability o[ recollection? I[ it did not, one should be able to trse the

estimate oI recollection gained from the valid and invalid prime condirions to predict

performance in the baseline (no prime) condition. Because materials were baianced

across repi icat ions, accessibi l i ty bias in the basel ine condit ion should be equal for

the two alternative responses (A : .5). Combinlng estimates of R with this est imate

o[ accessibility bias resuls in a predrcted baseline perlormance equal to R * (1 - R)

(.50). This equation almost perlect ly predicts observed basel ine performance for

both the [ul l-attention (.70 predicted vs. .71 observed) and di i ' ided-attentron (.52

predicted vs. .53 obsen'ed) condit ions, showing that presentatron of a pnn-re did

not inf luence recol lect ion.

(,-l.r('riri i(,l l i



P r o a c t i v c  a n d  R c t r o a c t i v e  E I f e c t s 43

The misinformation effect, or retroactive interference, observed in our experi-

menr  re f tec ted on ly  an in f luence on access ib i l i ty  b ias;  ab i l i ty  to  reco l lec t  was

unchanged by presentation o[ a prime. ln contrast, the manipulat ion o[ ful l  versus

drvided al[ention prodr-rced an opposite dissociaLion by inf luencing recol lect ion and

leaving accessibility bias unchanged. Fitting a muitinomial n-rodel to the results

provides another means o[ gaining support lor the same conclusions. The results

are fit well by a multinomial model in which recollection and accessibility bias

served as independent bases for responding. ln the model, est imates oI recol lect ion

were constrained to be the same across test conditions and eslima[es o[ accessibility

bias q'ere conslrained to be the same across [ul l-  versus divrded-at[ention condit iors.

Accessibi l i ty bias was set at .50 for basel ine condit- ions-

M c r n i p u l  c r  t i n g  A c c e s s i  b i l i t y  B i  c r s

Retuming to the earlier example, the memory influence o[ an "l told you . . ." claim

would be expected to depend on the validity o[ past claims from the same source.

lf the source were an unreliable one, having been often caught making elToneous

ciaims, rhe "i told you . . ." claim might be ignored or, a[ least, might do much less

ro infiuence accessibility bias than it would i[ it had come from a credible source.

At the exlreme, an "l told you . . ." claim from an unreliable source might be treated

as reason to reject the content o[ the claim and might show reactance by producing

a response dilferenr from that dictated by the clairn. ln our si[uation, participants

mighr srrategically avoid giving a prime word as a response i[ the prime word is

seldom val id.

An experiment done by Kara Hrubi, a graduate student at New York University,

varied rhe probability o[ the prime being valid. ln our.earlier experiment, the prime

was as likely to be valid as invalid whereas in a "mostly valid" condition in Hrubi's

expenmenr the prime was valid on two thirds o[ the trials and invalid on oniy one

third of the rrials. Those probabilities were reversed in a "moslly invalid" condition.

We expected accessibility bias to be larger when the prime was mostly valid.

The results are consistent rvith our eKpectations (Table 3.5). Probabiiities of

correcI recall alter valid and invalid primes were almost perlectly symmetrical around

performance in the baseline condition in which a prime was not presented. This

symmer.ry shows thar presentation of a prin-re did not influence recollection but,

rarher, had its effect by means o[ an influence on accessibiliry bias. Estimates o[

recollecrion and accessibility bias r,vere gained by the same means as in the earlier

experiment. Cornparisons of rhose estimates shorv that recol lecl ion did not di l fer

for rhe mosr. iy val id and mostl ;r  invai id condrt ions. However, accessibi l i ty bias did

dif ter such rhat parr icipants in the mostly val id condit ion'uvere more l ikel; '  to produce

rhe prime as a response. The results are rvell lit by a multinomial n-rodel that

constrained recol iect ion Lo be equal across al l  condrt ions but al iolved accessibi i i ty

bias to dif fer betrveen t l-re mostly val id and mostl f  inval id condrt ions- Again, accessl-

bi l i t l '  bias n,as set at .50 for basel ine condit ions.
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T A B L E  3 . 5

Example sequence of events in proaclive interference and action slip

CONDTTION n A E I nMt 2

Proactive interference
Experimental
Control

Action slip
Experimental
Control

Learn A-B
Rest

Fll,
Rest

Learn A-D
Learn A-D

Drive
Drive

Test A-D
Test A-D

Test
Test

Akhough nor significant, there was a tendency for recollection to be higher in

rhe mostly invalid than in the mostly valid condition. People might be more likely

to attempt recollection when dealing r,r'ith a lorv-credibility source o[ influence.

Further analyses compared perlormance in the mostly valid and mostly invalid

conditions during the last half of the experiment. Results from that analysis are the

same as from the experiment as a whole except differences in accessibility bias were

larger. This is to be expected because it takes time for participants to catch on tha[

the prime is mostly valid or mostly invalid. However, a surprising result is that

participants continued to favor the pnme as a response even iate in the experiment

in rhe condition in which the prime was usually invalid. That is, participants never

avoided the prime to the extent required for accessibility bias to drop to .50, Iet

alone consistently avoiding the prime which would produce a value below .50.

Perhaps effects o[ a prime on accessibility bias are automatic in the sense o[ being

extrernely difficult to avoid. Preliminary data collected by one o[ the present authors,

Sandra Hessels, suggest that this is the case. In her experimerit, participants heard

the prime shortly before being presented with a recall test item. Telling participants

to ignore the prime did not eliminate its effect. We suspect that in future experiments,

we rvill be able to find conditions that allow participants to fully ignore the prime

and conditions that result in reactance, that is, consistent avoidance of the prime as

a response. Finding such conditions is important for applied pur?oses and for theory.

f t i l i s l e c r d i  n g  r h e  E l d e r l y  P o p u l c r t i o n

Our interest in misinformation elfects tirat result from a false "l told you . . ."

sta[ement comes from our concern about fraudulent praclices aimed at older adults.

Older adults are a favorile target for scams and some o[ those scalns involve a false

"l  told you . .  ."  statement (Jacoby, 1999). One example comes from home repairs.

An older person may be approached by a dishonest salesperson with an o[[er o[,

for example, fixing pavement on a drivervay for a vely reasonable price. Later, 'whe n

rhe job is completed, the amount demanded as payment is much higher than the

B .
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price that was original ly quored. I I  the person complains, the dishonesl. salesperson

responds, " l  told you before that this was what i t  would cost." Out o[ uncertainty

for whar was originally agreed on, it is likely tirat the person wili accept tl-re false

information and pay the increased price. Such scams take advantage oI the irnpaired

recol lect ion oI older adults b1'providing a response altemativc that is in the scalnmer's

best interest.

Jacoby (1999) compared the perlormance o[ younger and older part icipants

using rhe procedures descnbed above. A deficir in abihry to recollect for older adults

would give reason to expect them to show a larger eflect o[ irn invalid pnme. Perhaps

oider adults are less often able to remember what was said earl ier and, so, are more

olren open to the elfects oI accessibi l i ty bias. Jacoby aLlemptecl to eqltate recol lect ion

for one group of younger participants with thar o[ older participanls to see whether

rhere were effects o[ aging beyond those on recollection. Younger participants in

thar group divided their attention during the study, the same manipulation that was

found to reduce recollection in the first experiment described here. There were three

groups of participants: older, young full attention, and young divided attention. The

procedure was the same as outlined in Table 3.3. The probability o[ a prirne being

val id was .50.

Resuhs reveal that for a1l groups, presentation o[ an inva]id prime had its effect

by means o[ an influence on accessibiiity bias. Compared 
"vith 

perlorrnance in the

baseline condition, the decrease in correcL respondrng produced by an invalid prime

was approximately equal to the increase in correcL responding produced by a valid

prrime (see Figure 3.1). Older participants were more susceplible [o interference

lrom an invalid prime than rvere young fuli-attention participants. However," they

also show a larger positive pnming e[[ect. This pattern o[ results can be explained

as produced by older participants' lessened ability to recollect. That is, older adults

are more susceptible [o a false "l told you . . ." claim than are the young full-attention

parricipants because oIa deficit in recoliection. Greater susceptibility oIyoung people

can be produced by dividing attention during the study to redttce recollection.

Dividing young participants' attention during the study produced results that were

very similar to those found for older participants. Perlormance on baseline trials

was neariy identical [or older and younger divided-a[tention parlicipants, suggesting

rhar rheir ability to recollect was equated. The small dillerence in performance for

the two groups after an invalid prime reflects a diflerence i.n accessibility bias. Young

divided-attention participants were more likely to avoid using the prime as a response

when they were unable to recol lect than were older part icipants. This strategic

avoidance o[ the prime increased accuracy after an inval id prime but produced an

ollsett ing decrease in accuracy after a val id prime.

S u m m c t r y  c r n d  l m p l i c o t i o n s  f  o r  T h e o r y

C)ur " i  tolci  you . .  ."  e-xperiments show the advantzrges o[ arranging condit ions to

examine retroactive e[[ects on faci l i tat ion in combination r,vrth eifects on interlerence.
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F I G U R E  3 . I

The probobility of correct recoll for young divided-ottention, young full-ottention,

ond elderly populotion groups. From "Deceiving the Elderly: Ef{ects of

Accessibility Bios in Cued-Recall Performonce," by L. L. Jocoby, 1999, Journal of
icol Press Ltd.
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Traditional investigations o[ retroaclive interference have included only a baseline

ald an inrerference condition (Table 3.I), and ellects have been explained as due

to response competition or unlearning. In contras[, we added a third condition to

exarnile retroactive flacilitation (valid prime) and retroactive interflerence (invalid

prime). Doing so provides advantages that are the same as gained by examining hits

anci false alarms, rather than false alarms alone, in a standard investigation of

recognition memory. Just as examining hits and false alarms allows one Lo separate

effecrs on bias from those on memory, the addition of valid primes allows effects

o[ accessibility bias to be separated from differences in recoliection. Using that

srrategy shows that presentation o[ a prime did not influence memory in ways

implied by the notion o[ unleaming. Instead, retroactive effects oI the prime reflected

only an influence on accessibility bias. Retroactive interference produced by an

invalid prime was fully oflset by retroactive facilitation produced by a valid prime.

This s),mmerry of retroactive eflects is expected if they reflect an influence of the

prime on accessibility bias but would not be expected i[ presentation o[ a prime

ahered memory for the larget. Had we examined performance only in the baseline

and inrerference conditions, as is s[andard, we would have been unable to separale

eflecrs on bias lrom those on recoi lecl ion oI the earl ier studied l ist.  Similarly, Dosher,

McElree, Hood, and Rosedale (1989) showed that pnming in a recognit ion task

reflecrs an inf iucrrce or1 bias rather t ]ran increased discnn,inabi l i ty. Prcscntation oi

semanrical ly related primes improved performance on recognit i t-rn judgments [or

aW lm, 17- W;tr*;a-**
Young full Young divided Older 4 /,,"".t.n 34 ryry
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target (old) items bu[ u'orsened perforrnance on recognition judgments for nontarget

(new) items. As with our valid and invalid primes, semantic primes did nor allect

memory, but insread prodr-rced the symmetry characteristic o[ bias e[[ects.

The effecrs oI priming show that accessibiliry bias is dissociable from dilferences

in recol lect ion. Presentation of a prime ancl manipulat ing prime val idity had an

effect on accessibi l i ty bias but lel t  recol lect ion unchanged. Dividing atterl t ion during

the srudy produced an opposite dissociat ion by reducing recol lect ion and leaving

accessibility bias unchanged. Age-related diflerences in susceptibility to interference

were largely because of a deficit in recollection. Older participants were less likely

to be able to recol lect and, so, were more often open to effects o[ accessibi i i ry bias.

That is, greater susceptibility to interference was a consequence rather than a cause

o[ rhe older adult's poorer ability to remember the target word. Accessibility bias

reflects a form or use o[ memory that is independent o[ recollection and is largely

uninfluenced by agng As described in the next section, using our approach to

analyze proactive effects produced resuits that further support these conclusions.

Proo<tive Effetts: Seporating Hobit qnd Retolletlion

Hay and Jacoby ( I999) related the story o[ an aging math professor at the University

of Manitoba rvho went to a conference in Chicago. When ready to return home, he

vras unable ro find his airline ticket. Afier much searching, he bought ano[her ticket

and, arriving home, called his wile to pick him up at the airport. She replied that

she r,vouid be unable to do so because he had driven their only car to Chicago. Such

acrion slips dernonstrate the influence o[ previously established habit on memory

performance . l[ the professor did not usually travel to conferences by airplane, he

would be unlikeiy to make such a mistake. Action slips are norhing more than

instantiations oI proactive interference (Table 3.28).

Ciass ic  in [er ference theory  has exp la ined proact ive in ter ference as due to

response competition. An item comes to mind and, because oI a loss oI list difflerenria-

rion, is mistakenly given as a response although it was appropriate lor a prior iist.

According to this view, interference can be avoided only by retrieving list membership

for each irem that comes to mind and inhibiting response i[ the item is a member

of the inappropriate list. Greater susceptibility to interference of people with amnesia

(Warrington & Weiskrantz, L970) and the elderly population (Hasher & Zacks,

IgBB) is said to be because o[ a lessened abi l i ty to suppress or inhibit  inappropriate

responses. [n contrast to an inhibit ion account, grealer susceptibi l i ty ro interference

mighr resuh from a deficir in recol lect ion. When recol lect ion o[ the target i tem fai ls,

a guess is generated that is based on the f irst i tern that comes to mind. In the absence

o[ recol iect ion, habit determines i tem production. The argument is the same used

to explain retroactive effects.

Hay and Jacobi '  (1996) separzrred the contr ibutions of habit and recol lect ion

using materials that rvere the same trsed in our "[  16]r l  'nrt  " ov.r 'r i6snts. The

c ' i + t , f ) s \ L l l l '
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procedures and underlying rationale were also similar except a manipulation oI

habit replaced the manipulation o[ prirning. The first phase o[ their experiments

was a training phase meant to develop a habit of a particular probability. Context

words were presented along with a fragment o[ the target word and participants

were asked to guess how the fragment ',vould be completed. In Experiment 1, some

fragments were completed with one word 75o/o of the time (e.g., knee b-n-; bone)

and wirh rhe altemative word 25o/o of the time (knee b-n-; bend), whereas for

orher lragments the two akernatives were presented equally often (50/50). ln a

second phase of the experiment, participants saw short liss o[ the word pairs and

were rold ro remember the pairs for a test that would immediately follow. During

the test, the conlext words were presented rvirh the fragments and were to be used

as cues lor recall of the target word in the short list. lncongruent test ilems were

those in which the target was the nondominant response (the item presented 25olo

o[ the time during the training phase). Test items for which the target was presented

75o/o of the r-ime were considered congruent. Items from the 50/50 condition served

as a baseiine against which effects of differenrial habit were evaluated.

The role served by congruenl lest items coresponds to that of valid primes in

the "l told you . . ." experimenls. Habit from prior training, a form o[ accessibility

bias, would lead to the same response as recollection just as would a valid prime.

For incongruent tes[ items, in contrast, habit is opposed by recollection in the same

way as are rhe effecrs o[ an invalid prime, By our view, then, effects of habit come

abour in rhe same way as those of priming with the obvious difference that habit

produces proactive etfects whereas priming ellects are re[roactive. The equalions

used by Hay andJacoby (1996) to separate the contributions of habit and recollection

are Lhe same as described earlier for separating accessibility bias and recollection in

our "[ told you . . ." experiments.

Hay and Jacoby (I996) found thar the probabilities o[ a correct response for

congruent and incongment tesl items were syrnmetncal around that for the baseline

provided by items flrom the 50/50 training condition (.82, .63, andJ2,respectively),

a paltem o[ results that is the same as for valid and invalid primes in the "[ toid

you . . ." experiments. The disadvantage for incongruent test items, compared with

baseline, reflects proactive interference and was fully offset by proactive facilitation,

the advantage for congment items over baseline. Computing eslimates revealed that

esrimar.ed habit was higher for items from the 75125 condition than for those from

rhe 50/50 condirion (.67 r's. .48), but estimated recollection was near identical

for rhe rwo condirions (.45 vs. .43). Note that estimated habit shows probability

marclr ing-rhe estimate of habit was near the training probabll i ry (e.g. ,  .67 vs.75).

Such probabiliry matching is also found in other experiments reported by Hay and

Jacoby and sewes as converging evidence of the validiry o[ assumptions underlpng

rhe estimarion procedure (see Hay 6l Jacoby',  1996, for a discussion o[ this point

along wirh a description o[ other converging evidence). A manipulation o[ response

deadline produced a dissociarion that was opposite to that produced by the manipula-
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r ion o[ prior rraining (Experiment 3). Reqr.r ir ing part icipants to respond rapicl iy,

rar.her than slor^rly, at the tirne o[ test redrtced recollection but left habit unchanged.

The eflect on recollection was eqrected because recollection is generally assumed

to be a slower process than is responding on the basis o[ habit.  lu a recent experimeut,

Jacoby, Debner, and Hay (in press) found that dinding attention dunng tl-re study

o[ the short lists reduced recollection but lelt estimrrted lrabit unchanged. That

dissociarion is rhe same as prodticed by dividing attention in their " l  told you . .  ."

experiments.

Hay and Jacoby (1999) examined the elfects of aging on recoilection and irabit.

The resuhs from rheir Experirnenr I (see the first t\\'o rows of Table 3.6) show that

for incongruenl test items, older adults were more iikely thau were tire young to

mistakenly give the response rnade dominant by pnor training. That is, older adults

were more susceptible to proactive interlerence or, stated differently, more likely to

be influenced by a "bad" habit, or more likely to produce a "memory slip" akin to

rhc nrrinn ".lin described at the beeinnine of thrs section. The result rnight be
t l t !  q v r r v r ^  - . . - O  -

inrerprered as evidence that older adultsl*'ere less able to inhibit a habitual response

(c[. Hasher 6r Zacks, igBB). A rveakness in the inhibirlon account, however, is that

it focuses only on the incongruenl test i[ems, a condilion in which habit and

recollection are in opposition. To gain a more complete account, one also needs to

examine the siruation where habit and recollection act in concerl: congrLlent test

items. The older adults were less likeiy [o correctly respond to congruent test items.

This disadvanLage lor older participants in a situation where habit is a source o[

correcr responding would not be expected if they are impaired in their abiiity to

inhibir habir-based responses. The effects can be better explained by a dual-process

accounl in which recollection sen'es as an alternative to habit as a basis for respond-

ing. Esrimates gained from our dual-process model shoq' that the older adults were

less able to recollect but did not differ from younger adults in their reliance on

habit when recollection fails.

Can older participants be inoculated against effects oI interference? An inhibition

accoun[ would recommend teaching older adults to be cautious to carefully examine

T A B L E  3 . 6

Probability of dominqnt response ond esfimotes

GROUP

TR,IAL TYPE ESTIMATES

CONGRUENT INCONGR,UENT RECOIECNON HABN

Young participants

Elderly parrticipants
Elderly part icipantsA

88
.80
.89

l o

5 0
a l

.60

, 5 8

70
-74

. t  I

Note.  Doto f rom Exper iment I  of  Hoy ond Jocoby ( . l999) "This grouP were given

eloboroted instruct ions ond hod o longer response deodl ines.  Doto ore f rom Exper iment

3 ,  d i s t i nc t i ve  cond i t i on  on ly ,  o I  Hoy  ond  Jocoby  (1999)
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the origin o[ a response before making i[ overt to avoid being misled. The goal of

this srrateg;y is ro enhance the editing function o[ consciousness (lacoby, Keiley, &

McElree, 1999). ln conrrasr, we would seek to rehabilirate performance by finding

cond.irions that encourage recolleclion. Hay iurdJacoby (1999, Experiment 3) showed

rhat when older people were provided w'irh extra time at encoding and a longer

rerrieval deadline and explicit instructions to elaborate and integrate the pairs pre-

senred for study, iheir memory performance improved dramatically (botlom row,

Table 3.6). These more supportive conditions made the older adults less susceptible

to interference as shown by their better perlormance on incongruent test items and

also improved their performance on congruent test items. Computing estimates

show that the more supportive conditions served to enhance recollection for the

older parricipan$ ro a level that was as high as that o[ younger participants. Habit

was unchanged. Thus, an effective way o[ reducing susceptibility to interference is

[o enhance an alternative basis for responding-recollection-rather than focus on

interflerence alone.

Contlusion

Retroactive and proactive interference sometimes reflect only an influence on accessi-

biliry bias. This conclusion could not have been reached if we had reiied on the

erperimenral designs that have tradirionally been used to investigate retroactive and

proactive interlerence. Rather, it was necessar)' to examine perfonnance in facilitation

and interference conditions. Doing so allorved us to use a dual-process model to

separale the conrributions o[ recollection and accessibility bias. Support for the

assumprions underiying that model is pror.ided by findings o[ dissociations. As an

example, contrary to an uniearning account o[ retroactive interference (Loftus, I97 5;

Posrman 6l Underwood, Ig73), presentation of an invalid prime did not alter

memory for an earlier srudied list but, ralher, only infiuenced accessibility bias. in

con[rasr, aging and dividing attention had their effects by reducing recoilection

and generally leaving accessibility bias unchanged. The greater susceptibility to

interference shown by older adults was because o[ a deficit in recollection rather

than a lessened ability to inhibit or suppress inappropriate responses (cf. Hasher 6s

Zacks, lgBB). lnrerference eflects did not arise from a competitor that "blocked"

retrieval of a correcl response (cf. McGeoch, 1942). An account o[ that son does

not explain the s),rrnmerrical effects o[ valid and invalid primes or congruent and

incongruenr rraining. Sr.rch slrrnmetry is expected if the effects arose from accessibil-

i ty bias.

Our means o[ gaining estimates rests on Lhe assump[ion that recollection and

accessibiliry bias are independent contributors to overall performance. This approach

to analyzing retroactive and proactive effects is the same as the process dissociation

procedure (Jacoby, I991) but creates conditrons required to gain estimates in ways
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dilferent than were originally used (for discussions of advantages o[ this change in

means o[ creating condit ions, see Hay & Jacoby, 1999: and Jacoby, I99B). The

independence assumption underlying the process dissociation procedure has been

irs most controversial aspect (e.g., see Curran & Hintzman, 1997, and the replyby

jacoby et al. ,  1997). Findings o[ dissociat ions, o[ the sort described here, provide

support for the independence assumption. However, dissociat ions should not always

be expected. Differences in relroactive inrerference, as an exarnple, might olten

reflecr both differences in accessibility bias and a change in recollecLion. When

primes were mosriy invalid, rather than mostly valid, accessibility bias was reduced,

and there was also a tendency toward an increase in recollection. The greater

suscepr.ibility of the older adults to interference produced by an invalid pnme rvas

largely because o[ their lessened abilrty to recollect. However, there was also a

difference between young and old in accessibility bias. When unable to recollect,

the older participan[s were more likely to rely on the prime [han were younger

participants. For these cases, it seems reasonable thar differences in both recollection

and accessibiliry bias were involved. It remains to be seen what eflfects are produced

by manipulations that have been standard in investigations of retroactive and proac-

tive interference, such as a manipulation of the retention inten'al between the studv

and the test.

The advance that we hope to gain from our approach is improved means of

analyzing delicits in memory performance. Identifyrng older participants who are

mosl vulnerable t.o a false "1 told you . . ." claim is important [o protect those

individuals from attempted scams that plague older adults. Once identified as being

r,'ulnerable, it is necessary to diagnose the cause o[ that greater r.ulnerability. A deficit

in recollection rvould be treated much dilferently than rvould an inappropriate

accessibriity bias. The latter might take the form of unwarran[ed trust or "gullibili.tyt"

and be treated by warning older adults to be cautious and to strategically avoid

being influenced by the memory reports o[ others. However, such caution is optimal

only if one is in a generally hostile environment. Reducing accessibiliry bias has the

benefit o[ reducing the probability of being misled by invalid claims but has the

por.enr.ialiy large cosl o[ also reducing the facilitation gained from valid claims.

Similariy, reduced habit avoids action siips at the cost of facilitation that comes

lrorn an appropriate l^rabit. The best delense against a false "l told you . . ." claim

is to recollect rvhat was truly said just as our lorgetlul university professor's best

delense against the action slip of flFrg home 'uvould have been to have recollected

that he drove to the conference. ]vleasurement o[ recollection is the first step toward

devising procedures that allow for its rehabilitation. The resuhs from our preliminan'

arrempts to rehabil i tate recol lect ion are encouragrng (Hay 6r Jacoby, I999; Jacoby',

Jennings, & Hay',  1998).

The basis for forgett ing can best be understood by looking at i t  not in isolat ion

bur in conjunction r,vi th instances of improved memory performance. This alfords

the use oI a dual-process model that separates estima[es oI recoi lect ion from estirnates
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o[ bias or habit. Separation o[ rhe two processes demonstrates that bias rellects a

form or use o[ memory (implicit memory) that is largely uninfluenced by aging and

even preserved by people with amnesia and that is independent of recollection. A

dual-process model can easily be applied tr) rnore historical memory research con-

cemed with the eflects o[ interference. Crorvder (1976) stated that "leaming is not

so much a matter o[ acquiring new behavior as it is a matter o[ organizing previously

acquired behavior into new sequences" (p. 4I1). Looking back, iL seems that our

investigations aimed at explaining "l told i'ou . . ." effects, habit elfects and, in turn,

the effects o[ agrng are not unlike rearranqing methods and principles that were

investigated in great detail nany years ago.
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