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The Disruption and Dissolution of Directed Forgetting:
Inhibitory Control of Memory
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In a series of directed-forgetting (DF) experiments it was found that inhibition of a to-be-forgotten
(TBF) list could be disrupted by a secondary task and completely abolished by a concurrent memory
load during second to-be-remembered (TBR) list learning. Similarly, inhibition was found to be
wholly abolished when the TBF and TBR list were strongly associated but not when weakly
associated. These findings suggest that inhibition in the DF procedure depends on how powerfully the
second TBR list competes in memory with the representation of the TBF list. When the representation
of the TBR list is impoverished or when it is too similar to the TBF list then competition is weak and
inhibition is as a consequence weak or does not occur at @lkooo Academic Press
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A fundamental problem facing any memoryand what can be forgotten and, therefore, ai
system is how to select individual items from doverly” detailed record is initially represented
range of related items, all of which are (equally)n memory. The idea being that over time per-
available for recall. For instance, recalling thesonally relevant information will receive more
comments of person A from yesterday’s meetrequent rehearsal, i.e., will be recalled or ac-
ing rather than those of B and C, recalling factessed more frequently than less personally re!
X rather than the related facts Y and Z, or, morevant details and, as a result, will enter a more
mundanely, simply recalling where one parkedtable and durable state. In contrast, other les
one’s car today as opposed to yesterday or tlieequently accessed details of a memory will
day before (Bjork, 1989) all require resolutionbecome, over time, progressively more difficult
of competing responses in memory. This probto access. One reason for this is that each tim
lem may be especially acute for very recently single or set of details are accessed associat
encoded knowledge, much of which may be imletails are inhibited (Anderson, Bjork, & Bjork,
a highly accessible state for some limited period994; Anderson & Spellman, 1995; Radvansky,
after encoding. Short-term retention, over a pet999). Nevertheless, it seems that inhibition, a
riod of hours or possibly longer, of a veryleast in the short-term, can be overcome by :
detailed record of experience may occur besufficiently specific cue, i.e., as in a recognition
cause it is not possible at the moment of encodest, and this allows the upgrading of accessi
ing to fully determine what should be retainedility of details which subsequently turn out to

have a significance not apparent at encoding. |
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however, be incorrect to assume that for anyNHIBITION IN DIRECTED FORGETTING
experience all or most features are retained

even in the short-term, in identical states of high _ . . . . )
o rticipants are simply informed that they will
and equal accessibility. Instead, our persongfel

oals. beliefs motives. and comprehension fee a list of words which they will later have to
9 ' ' ' P oN Qemember. After presentation of half the list one
the world ensure that knowledge of any indi-

group of participants are instructed to forget the

vidual experience is initially stored according tcjg/ords they have just learned (the F group). In

how 't. reIaFes to the sglf_. Indeed, the degree ontrast, another group are instructed to kee
attention given to specific aspects of an eXperFemembering the first lists of words (the R

ence, thf::- predictability of an event (its “script- roup). Both groups then learn a second lisf
likeness"), and other purely endogenous factor hich they are informed they will have to later

l.e., time of day, will all act to determine accesiq o) At test participants are required to free

sibility of different details of an experience. .4y 4| previously studied items. Under these
Thus, even though a large amount of knowledgg, ygitions the F group’s recall of list 1 is at a

of an experience may initially be retained, thigg,, |eye|. typically in the range 30 to 40%,

will be, at encoding, already in a pattern ofyhereas, and in striking contrast, recall of list 1
accessibility in which some features are high iBy the R group is unimpaired and at a high level
terms of accessibility, whereas others are low qf 4 is typically between 60 and 80%, depend-
barely accessible at all. In general, it seems to WSy on the delay between study and test (Bjork
that the aim of encoding is to create represenggg; MacLeod, 1998). Exactly how this self-
tations in memory that prioritize access to inyjtiated forgetting occurs is unknown, although
formation relevant to the self (cf. Conway,cyrrent theory favors an account in terms of
1996; Conway & Pleydell-Pearce, 2000) anghnibition (Bjork, 1989; Bjork, Bjork, & Ander-
minimize access to irrelevant or redundant inSOh, 1998; MaclLeod, 1998). By this view,
formation while at the same time preserving thgnen, for example, a recently acquired list of
availability of many details so that those whichyords is followed by an F cue then this triggers
only become self-relevant later can still enter fhhibitory mechanisms which act to reduce the
state of high accessibility. The experiments regccessibility of the list's representation in long-
ported in this paper address these encoding igsrm memory so that few items are accessible ir
sues and argue that inhibitory processes opergfee recall. This process @trieval inhibition
ing during and shortly after encoding act tqBjork, 1989; Bjork, Bjork, & Anderson, 1998)
shape patterns of recently acquired knowledgewers the accessibility of otherwise normally
in such a way as to give memories their (initialacquired items while leaving their availability
form. We propose that this “shaping” of mem-ynaffected (Tulving & Pearlstone, 1966). As a
ories by inhibitory processes is a nonconsciougonsequence, retrieval inhibition can be abol-
automatic process that creates memories ished if specific cues—cues more specific thar
which some knowledge is more accessible thafose present in free recall—are presented &
other knowledge when a memory is subseest, i.e., the actual list items themselves, as in-
quently recalled. Although we conceive of thisecognition test. But note, that mere exposure tc
process as occurring outside consciousnesstlite inhibited list items does not overcome the
may, at least on some occasions, require sughibition; rather, for this to occur the items
tained conscious attention in order to operateust be represented in the context of intentiona
effectively. Indeed, in all the experiments reremembering (Bjork & Bjork, 1996). An F cue,
ported below we used a procedure known aben, presented after acquisition of a list in a DF
directed forgetting(DF) in which people were experiment triggers inhibitory processes tha
overtly instructed to self-initiate the forgettinglower the accessibility of the newly acquired list
of recently acquired materials. It is to this proitems, although these remain available and ca
cedure that we turn next. be retrieved when specific cues enter the re

" In the DF procedure that uses lists of words
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trieval process. The result is a representation inderson & Spellman, 1995), is important be-
which (episodically) associated information icause it rules out a range of alternative expla
differentially accessible although all (retainedhations of these effects such as accounts i
information is, at least initially, equally avail- terms of occlusion, interference, and so forth
able. Thus, the DF procedure provides a way ifsee Anderson & Spellman, 1995; Anderson &
which the process of establishing differentiaBjork, 1994; and Bjork et al., 1998, for further
memory content accessibility can be studied idiscussion). The effects of inhibition in the re-
the laboratory. trieval practice procedure are, then, extensive
There are a range of conditions that influencand arise because of competition between al
the occurrence and magnitude of DF (see Maeady-encoded list items with the to-be-re-
cLeod, 1998, Table 1.2; and Bjork et al., 1998hearsed retrieval practice items. Our suggestio
for reviews) and of these one of the most imis that a similar form of competition occurs
portant is that, in list-learning DF experimentspbetween the TBF and TBR lists in the DF pro-
the F cuemustbe followed by the learning of a cedure and it is this which triggers (automatic)
new list. Without second-list learning there ignhibitory processes as attention is intentionally
no reliable impairment in recall of the first listand selectively focused on the second list.
(Bjork, 1989) and, thus, learning the second list
is critical to the DF effect. Why second-list DISRUPTION OF INHIBITION
learning is so crucial is not known but from A counterintuitive prediction arising from the
participants’s self reports it seems that learningbove reasoning is that if attentional resource:
the second list provides an opportunity to focuare stressed or overloaded during the learning c
attention on items other than the TBF items. Ithe second list then it may not be possible tc
may be that this focusing of attention on thdocus attention on the TBR items and so triggel
second TBR list is critical to the DF effectinhibition of the TBF competitors. A conse-
because it triggers inhibition of other, alreadyjuence of this would be an unexpected rise ir
acquired, TBF items which are competing fothe recall of the F list, which would not have
attention (Anderson, Bjork, & Bjork, 1994; been effectively inhibited. Interestingly, this
Anderson & McCulloch, 1999; Anderson &was exactly the finding of Macrae, Boden-
Spellman, 1995; Bjork, 1989; Bjork et al., 1998 hausen, Milne, and Ford (1997), who increasec
Tipper, 1985; Tipper & Driver, 1988). Ander-the processing demands in second-list learnin
son et al. (1994) demonstrated the inhibitoryy requiring F-group participants to keep a run-
effect of competitor items in the retrieval pracning total of all the vowels in the words on the
tice procedure in which prerecall rehearsal of asecond TBR list. Unsurprisingly, memory for
item from a recently studied list causes inhibitist 2 was markedly impaired with a mean prob-
tion of related list items in a later recall testability of recall of .22 compared to a mean of
e.g., rehearsal of Orange (cued by the categord9 for the F list. In contrast, mean recall of the
name plus word fragment, “FruitsfO..?") F list in the condition where there was no sec-
from the earlier acquired list “Apple, Orange,ondary task on list 2 was significantly poorer, at
Banana” causes inhibition of the competitor37. It should be noted that the Macrae et al. DF
items Apple and Banana. Anderson and Spelprocedure and materials were slightly different
man (1995) extended these findings and showéwm those typically used and this was becaus
how spreading inhibition could extend beyondhe primary purpose of their study was to ex-
category boundaries to other associates, e.gmine the processing of stereotypes in memory
prerecall rehearsal of the pair Green—Emeraldevertheless, these findings show that increas
from an earlier acquired list that includeding processing demands during second-lis
Green-Emerald, Green-Lettuce, Soup—Muslearning cardisruptDF and perhaps this occurs
room causes inhibition of both Lettucend by attenuating attentional focusing during list 2
Mushroom on a later recall test. This finding ofearning, thereby restricting the strength of in-
spreading inhibition, or second-order inhibitiorhibition of competitors (F-list items).
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Another way in which to disrupt or evenattentional resources at encoding could be a
abolish inhibition would be to reduce the extenimportant determinant of the extent of inhibi-
of competition between lists or items. Andersotion in the DF lists procedure. Similarly, the
and McCulloch (1999) found that by increasinglegree of integration of F materials may have ¢
the integration of items in the initial list the significant impact on the degree of competition
inhibitory effects of retrieval practice could bebetween items and, therefore, upon the extent c
reliably reduced. Thus, simply having partici-inhibition. Indeed, inhibition and integration
pants interrelate items at study, i.e., note that imay be complimentary in that when integration
the list animal-dog, animal—cat, the exemplarat encoding is extensive, then inhibition is either
(dog and cat) are both household pets, signifiimited or not present at all. Whereas when
cantly reduces the inhibitory effects cause bintegration is limited or not possible, then inhi-
prerecall retrieval practice. Anderson and Mchition may be strong and widespread—we re-
Culloch (1999) were able to demonstrate thatirn to these points later. In the experiments
this effect arose solely because of this “lateralivhich follow we explore how attenuating atten-
integration of items during initial learning. A tional resources in second-list learning can, par
related set of findings has been reported bgdoxically, disrupt and even abolish inhibition
Radvansky (1999) in a series of studies thaif the F list. In particular, we replicate the
used the fan effect (Anderson, 1974). The faMacrae et al. study using a more standard DF
effect refers to increasingly slower recognitiorprocedure and we then systematically explore
times to items that have increasing numbers dfisruption of inhibition. We also consider the
associates. For instance, the time taken to verifyider implications of these findings in, for ex-
the statement “The hippie is in the park” in-ample, the formation of everyday autobiograph-
creases with the number of other facts knowital memories and and in the formation of
about the “hippie” and/or the “park.” If, how- highly vivid memories of traumatic experi-
ever, the items are integrated, e.g., the glagmces. Later experiments investigate how inte
door is in the hotel, the welcome mat is in thegration, too, can overcome inhibition of the F
hotel, the counter is in the hotel, then the fafist and we extend the Golding et al. item-by-
effect, the slowing of recognition speed withitem study to disrupted inhibition of interrelated
increasing number of related facts, is not oblists. The findings from these final studies are
served. In contrast, if the items are unintegrated)so extended to a discussion of the formation o
e.g., the welcome mat is in the hotel, the welautobiographical memories in which integration
come mat is in the office, the welcome mat is ofis a critical, but rarely considered, encoding anc
the porch, then reliable fan effects are observedonsolidation process.

Radvansky (1999) argues that these results

show the inhibition of unintegrated but compet- GENERAL METHOD

ing items, competing presumably because they The experiments used a standard procedur
were learned at the same time, and a lack @fs described in this section. Where an experi
inhibition for integrated items which do notment departs from this procedure exact change
compete with each other. Finally, Goldingare specified with the description of the exper-
Long, and MacLeod (1994), in an item-by-itemiment.

DF experiment, found that when an F item_ |

could be integrated with an upcoming R itemP€SIgN

e.g., High (F), Way (R), then DF on a later A mixed design was used with one between-
recall test was reliably reduced. Taken togetheubjects factor and one within. The between-
these findings lend strong support to the viewubjects factor, group, had two levels: the F
that materials which can be integrated at encodroup, who were given a between-lists F cue
ing have some immunity to inhibition caused byand the R group, who received a between-lists F
subsequent instructions or memory access. cue. The within-subjects factor was the repeate

It seems likely then that the distribution ofmeasure, lists, with two levels: list 1 (studied
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first) and list 2 (studied second). Order of presecond list. The same procedure was followec
sentation of lists was counterbalanced acrodsr the R group, who, rather than receiving an F
participants and words were randomly allocatedue were informed: “That is the end of the
to lists and to experiments. Each study phase ligtords on list one. You must try to keep those in
contained 10 items. The list items were ranmind as you learn the second list which will be
domly drawn from a pool of 40 words of mod-presented now” and participants then presse
erate to high frequency, naming common obthe space bar to initiate list 2 presentation. As
jects and locations. soon as presentation of the second list was corr
plete participants were handed several sheets
arithmetic problems and ask to solve as many a
There were 24 participants in each experipossible in the next 5 min. Following this par-
ment and they were randomly assigned to F angtipants were given a single sheet of paper an
R groups, each of which had 12 members. Thasked to recall any words they could from both
participants were all student volunteers antists and to start at the top of the page and write
were paid £2. Their age ranged from 16 to 4&ach word recalled under the previous word.
with a mean of 18.4 years (only 3 participants After completing free recall, which took on
were over 40 years of age). No attempt waaverage 8 min, participants took a recognition
made to select for gender and the numbers tdst. The recognition test consisted of the 2(
men and women assigned to groups and expetems from lists 1 and 2 and the remaining 20
iments was unsystematic, although by chanaeused words from the stimuli pool. Old and
there were approximately two more womemew items were intermixed in an unsystematic
than men in each experiment. order and order of presentation was varied un
systematically across participants. Each worc
was listed along with (i) the words “OLD"—
Participants were informed that they weréNEW” (please circle), (i) a memory-aware-
taking part in a memory experiment and wouldhess scale (taken from Conway, Gardiner, Per
study two short lists of words which they shouldect, Anderson, & Cohen, 1997), and (iii) a
commit to memory. They were tested in smalseparate 5-point confidence rating scale. For th
groups (either F or R but not mixed) and eacmemory-awareness judgments participant:
person was seated at a separate computer cavere given the following instructions:
sole. The computers were sufficiently apart and
. . . Indicate what sort of memory awareness you had
angled so that part|c!pants could view only their .~ making an Old judgment. For instance you
own screen on which the TBR words were mignt have judged a word as old because you remem-
displayed fo 2 s with a 2-s interitem interval.  bered it's occurrence in one of the earlier lists. Per-
Participants initiated display of the first list haps, you recalled what you thought when you read
when instructed by the experimenter to press the the word earlier, perhaps you remember it preceded or
. was followed by some other word, you may even
space bar O_n the computer k_eyboard' The items have an image of the word on the screen. All these
were then displayed automatically and after the forms of awareness are part of the Remember state.
10th word the message “End of List 17 was Conversely, you may experience none of these at-
displayed and the display ceased. At this point tributes of remembering but nonetheless have a pow-
participants in the F group were informed that erful feeling of knowipg 'thataword was seen in one
the list they had just heard “was in fact a prac- of the earlier lists. This |s‘the Just Know stat_e and if
. : o . . you do not have an experience of remembering when
tice list to familiarise you with the presentation yoy make your Old/New judgment then you may find
rate and type of words. You should now put you Just Know that a word was seen before. Finally,
these words out of mind, try to forget them and you may judge a word to be Old not because you
not let them interfere with learning the experi- Remember or Just Know it but, rather, because it feels

. . . » familiar. When you make an Old judgment of a word
mental list which will be presented now.” The you must then indicate whether the basis for your

experimenter then in_StFL_lCted partiCip_amS t0 judgment was that you remembered, (just) knew, or
press the space bar to initiate presentation of thefelt the word to be familiar.

Participants

Procedure
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The experimenter checked verbally with the TABLE 1

participants that they understood these response gree Recall of Lists 1 and 2: Mean Probabilities
categories. On the confidence rating scale par- for Experiment 1

ticipants rated how confident they were that

their Old/New judgments were correct ang=1 List1 List2

Guess,2 = Slight Confidence3 = Moderate

i . Experiment 1: “Standard” DF d
Confidence4 = Strong Confidenceand 5= xperimen andar procedure

; R group 0.67 0.49

Certain. F group 032 051
Experiment 1a (5-item listd\ = 11)

EXPERIMENT 1 R group 069 0.68

In the first experiment we simply carried out_ " 9rouP o 044 071
“standard” DF experiment following the en-Ex'oenment 1b (S-item listaNl = 14)

a’s : p 9 9 R group 0.64 0.49

eral method specified above. The purpose wast group 036 074
to provide a baseline against which to comparexperiment 1c (20-item listd\ = 24)

later experiments. The DF effect is character- R group 067 050

ized by the following pattern of differences: in_ F 9roup o 035 085
the F group list 1 recall is reliably poorer than e 1d (10-ftem lists\ = 20)

9 . P . y p_ . R group 0.52 0.48

recall of list 2, F group recall of list 1 is reliably  F group 030 054
poorer than R group recall of list 1, and F grougExperiment 1e (10-item list\ = 36)

recall of list 2 is higher than R group recall of R group 048 035

the same list [presumably due to reduced pro- " 9"uP 037 048

active inference (PI) from the inhibited list 1 in

the F group]. In the present experiments various

additional manipulations occur during list 2familiarity, whereas the R group’s recognition
learning which sharply reduce overall recall obf the same items will be associated with rec-
these items. Because of this we do not expect tilective experience (Gardiner, Gawlik, & Ri-
find consistent across-experiment differences ichardson-Klavehn, 1994). For expository pur-
which F-group list 1 recall is always signifi- poses we report the free-recall data for eacl
cantly poorer than list 2 performance. The reexperiment first, followed by analyses of output
duction in PI due to F-group list 1 inhibition is order, and in General Discussion we report the
not always observed (MacLeod, 1998) and theecognition data for all experiments.
conditions under which it does and does not

occur are not known (Bjork et al., 1998). Ac-Results

cordingly we do not expect to observe this dif- As we planned to compare the differences
ference in all experiments. However, we ddetween means as described above the analys
expect to observe a reliable and consistent di&re organized around a seriest @ésts between
ference between F-group list 1 performance anghirs of means. However, for completeness wse
R-group list 1 performance in which the latteralso report an ANOVA and the important
regularly and significantly gives rise to highemgroups X lists interaction but note that the
recall rates than the former: it is this differenceests are conducted whether or not this interac
that we take as the defining feature of the DFon is significant following recommended prac-
effect. We predict that none of these inhibitorytice for planned comparisons (Keppel, 1973/
effects will be present in recognition which1991). Thus, the data were analyzed in a mixed
usually overcomes the inhibition of list 1 itemsmodel ANOVA with groups as a between-
(MacLeod, 1998). Finally, an intriguing possi-subjects factor with two levels, R group and F
bility is that although the F group and R groupgroup, and lists as a repeated measure also wil
both perform at the same high level on théwo levels, list 1 and list 2; critical differences
recognition test the F groups correct recognitiobetween means were evaluated witiests. Ta-

of list 1 items will be associated with feelings ofble 1 shows the mean probabilities recall for
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groups and lists. The groups lists interaction MS, = .21,p < .01 andF(1, 13) = 17.9,
was significantF(1, 22)= 10.6,MS, = .403, MS, = 1.01,p < .01, respectively, as were the
p < .01, and, for the critical contrast of F groupcritical comparisons of F list 1 with R list 1,=
list 1 versus R group lisl a significant differ- 4.1,p < .01 andt = 3.3,p < .01, indicating
ence was observetl,= 4.9,p < .01, indicat- strong DF effects in both experiments, despite
ing a robust DF effect. Also present was dheir departures from the standard design. Ir
difference between F-group list 1 performanc&xperiment 1c different groups studied 20-item
and F-group list 2 performance in which that fotlists consisting of line drawings of common
F group list 1 was significantly poorer than thabbjects each presentedrfd s followed by im-
observed for list 2t = 2.6, p < .03. Group mediate recall. A reliable interaction of
differences in list 2 recall were not reliables<  groups X list was found,F(1, 22) = 233.6,
1, although the means are in the predicted dMS, = 1.3,p < .01 and the F list 1/R list 1
rection. Note that as this latter effect rarelycontrast was also significart= 9.5,p < .01.
reaches significance in any of the experimentxperiments 1d and l1le approximate mos
described below it is not reported further. Theselosely to the “standard” design use here, the
findings then show a “standard” DF effect withonly variation being that participants in Exper-
F group list 1 recall reliably lower than R groupiment 1e were 14- to 15-year-old school chil-
list 1. In general there were a slightly lowerdren, whereas in 1d they were 19- to 21-year:
levels of recall overall compared to other DF byld university students (as in Experiment 1c). In
lists studies (MacLeod, 1998) and, possibly, thisoth Experiment 1d and le the group list
may be related to the inclusion of the 5-mirinteraction was significant-(1, 18) = 8.3,
filled interval rather than more usual immediatéVS, = .19, p < .01 andF(1, 34) = 10.1,
recall. The filled interval, however, was used tiMS, = .27,p < .01, respectively, as were the
minimize ceiling performance on list 2 whichcritical comparisons of F list 1 with R list 1,
we had found in pilot studies preceding th&.7 = 4.1,p < .02 andt = 2.2, p < .05.
present experiments. These findings demonstrate the robustness ¢
In the DF procedure, and across the experthe DF manipulation and also show how F list 1
ments reported here, comparisons are made bmean recall values vary over experiments. If the
tween different groups of participants bottdata from each of the F list 1 conditions are
within and between experiments. Of special inentered in a one-way between-subjects
terest is the comparison of F-group list 1 meaANOVA in which Experiments 1b through 1le
recall across experiments and, particularly, tare treated as groups, then there is no mai
the baseline mean in the present experiment. éffect of ExperimentfF = 1.1. Theoverall
is important then that this baseline F-group lismean probability of recall for F group list 1 is
1 mean is in fact representative of performanc&6 with aSD of .16. The mean probability of
in other DF experiments that are similar oiF-group list 1 recall from Experiment 1 (.32)
which approximate in design to the present exhen falls well within half aSD of this overall
periment. Table 1 shows the performance froomean from which it does not differ significantly,
five DF experiments conducted in our laborat < 1. Moreover, if the F-group list 1 compar-
tory as part of other projects. Experiments la&on is made between Experiment 1 and Exper
and 1b show data from healthy middle-age paiments 1d and le (which are highly similar in
ticipants acting as controls to brain-damagedesign to Experiment 1) then there are no reli-
patients. In these two experiments list lengtlble differences and the overall mean of Exper:
was short and the midlist cue was within subiments 1d and 1e is .33, which compares favor:
jects with the F condition presented at the stagbly with the .32 mean from Experiment 1. We
of a session followed a series of neuropsycha@onclude that the value of F-group list 1 recall
logical tests, concluding with the R condition.observed in Experiment 1 is a representative
In both experiments the condition list inter- figure of DF in the “standard” procedure used in
action was significant,F(1, 10) = 10.6, the present and later experiments and, conse
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TABLE 2 ported the correct total of vowels. The groups
Free Recall of Lists 1 and 2: Mean Probabilities For 1Sts interaction was  significan® (1, 22) =
Experiments 2 through 6 4.9, MS, = .130,p < .04, and thecritical

contrast of F group list 1 with R group list 1 was
List1 List2 glso reliablet = 4.4,p < .01.Unsurprisingly,
performance of the F group on list 1 was sig-
nificantly higher than on list 2t = 3.7, p <

Experiment 2: DF with vowel counting
R group 0.73 0.32

F group 048 o028 -01, andattenuated performance on list 2 for
Experiment 3: DF with word length both groups had been expected given that th
judgement effect of the secondary task would have been t
R group 065 051 giyide attention and so lower the degree anc
F group 0.50 0.41 lity of | . fth it lative to list
Experiment 4: DF with concurrent quality 0 eam_mg orthese items relative to s
memory load 1. Thus, the difference between the groups fo
R group 0.62  0.48 list 1 shows the expected DF effect despite the
F group _ _ 0.64 033 secondary task on list 2. However, the F group’s
Experiment 5: DF with a semantic performance on list 1 is raised relative to the F
associate ' f list 1 in Experiment 1
R group 067 049 9roup’sperformance on lis p .
F group 033 056 Comparisons between means found that the Ex
Experiment 6: DF with several periment 1 F-group list 1 recall rate was signif-
semantic associates icantly poorer than that observed in the corre-
R group 067 06  gponding condition in the present experiment
F group 0.74 0.78

t = 2.0, p < .05. Note also that the two R
groups in each experiment did not differ reliably
in list 1 recall and that the level of recall of the
qguently, constitutes an acceptable baselinEBF list in the present experiment at 48% is
against which to compare F-group list 1 perforhighly consistent with the level observed by
mance in the experiments reported next. Macrae et al. (1997) of 49%. In our view this
finding demonstrates disruption of inhibition
EXPERIMENT 2 that is brought about because the impoverishe
The second experiment followed the proceencoding of list 2 does not lead to a memory
dure used by Macrae et al. (1997), but witlhepresentation that triggers a powerful inhibi-
different stimuli. In this procedure participantstory response.
in both groups kept a running total of the vowels
in list 2 items and reported this prior to free EXPERIMENT 3
recall of the lists. The only difference from the In Experiment 2 we suggested that the effec
general method is that following the midlist cueof a secondary task on list 2 in the F group was
participants were told that while learning secto lead to a weaker inhibition of the TBF list 1
ond-list items they should count the vowels irand we elaborate this explanation in some deta
each item and keep a running total that they hddter. Here we want to consider how vowel
to report, in writing, on paper provided, as soorounting has this attenuating effect upon inhi-
as the experimenter signaled that the list prdsition and there are several components in th
sentation was complete. After this the particitask that could, potentially, have weakened in-
pants were given the arithmetic test and prdiibition in the way observed. For instance, sim-

ceeded as in the general method. ply making some type of relatively undemand-
ing judgment of the items in list 2 might be
Results sufficient to weaken inhibition. On the other

The analyses were the same as those in Elkand, holding in mind a concurrent memory
periment 1 and Table 2 shows the mean prollead (the vowel total), which admittedly in the
ability of recall. Note that all participants re-Experiment 2 only amounted to two digits,
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might be the critical factor. Yet another possibut was reliably higher than recall of the F list
bility is that only when two or more processingin Experiment 1t = 2.22,p < .03. Taken
activities are combined together while learningogether this pattern of findings shows a disrup:
list 2 is inhibition of a TBF list 1 disrupted. The tion of inhibition of the F list very similar to that
present experiment investigates the first of thesdbserved in Experiment 2 and this suggests the
suggestions by having participants judge wordimply performing a second task while learning
length of list 2 items, a shallow processing taskst 2 is sufficient to significantly weaken inhi-
similar in this respect to vowel counting butbition of the F list.
entailing no concurrent memory load. Words
were selected from the word pool to create two EXPERIMENT 4
lists, each of which contained five words of six The findings of Experiment 3 suggest that a
letters or less (short) and five words of sevenoncurrent memory load during second-list
letters or more (long). Within each list the shortearning probably contributes little to disrupting
and long words were intermixed unsystematinhibition. However, the concurrent memory
cally with the constraint that runs of no mordoad in Experiment 2 and in Macrae et al.
than two of one type of word were permitted(1997) was very light, amounting to no more
After the midlists cue participants were told thathan two digits. In the present experiment it was
when a word went off-screen they should presdecided to use a digit list the length of which
one of the keys marked “S” for short or “L” for would fall at about span for our subject popu-
long. The “S” key was to be pressed if the wordation (undergraduates) and we accordingly we
was six letters or less in length and the “L” wasised a six-digit list. After receiving the F-cue
key was to be used if the word was seven lettefgarticipants were, then, given a list of six ran-
or longer. domly selected digits to keep in mind while
learning list 2 and to report back as soon as the
experimenter indicated that the list presentatior
Only a few errors were made in the wordwas complete. The digit list was printed on a
length judgment task, amounting to less thanard placed facedown to the side of the com-
5% of total responses, and this indicates thgtuter and was turned faceup and studied for 20
participants in general performed this task to anmediately prior to presentation of list 2. At
high level. Table 2 shows the mean probabilitiethe end of the 20-s period the card was place
of recall in each of the four conditions and it carfacedown so that the digit list was no longer
be seen that performance on list 2 was higher wisible. At the end of list 2 presentation partic-
this experiment than in Experiment 2, confirmipants wrote down the digit list on the card and
ing that the word-length judgment task takes ufhen turned immediately to the filler task.
less processing capacity than vowel counting.
No reliable interaction was observed in th
ANOVA of the free-recall data and the only There were errors on the secondary task an
term to reach significance was that of the maiseveral participants in both groups failed to
effect of lists,F(1, 22) = 4.7, MS, = .163, recall the exact digit list. Nevertheless, even
p < .05, inwhich recall was higher in list 1 those participants who made errors reported si
than 2. In the critical contrast, recall by the Fdigits which were judged to correspond at leas
group of list 1 was lower than that of the Rin part to the original list. Table 2 shows the
group, but this difference was only marginallynean probabilities of recall in each of the four
significant,t = 2.13,p < .057. This appears conditions and it can be seen from this that list
to be due to a fall in the R group’s recall of listl items were recalled to a high level, whereas
1 rather than a rise in recall by the F group ofist 2 items were poorly recalled and this effect
the inhibited list. Recall of list 1 by the F groupwas reliable,F(1, 22) = 22.7, MS, = .585,
in the present experiment and by the F group ip < .01. This effect holds good for both the R
Experiment 2 did not differ significantly,< 1, and F groups and arises because the effects |

Results

esults
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DF have been completely abolished. Indeedremely low accuracy and, moreover, several o
recall of list 1 by the F group in the presenthe participants in this group were unable to
experiment was significantly higher than recaltecall the list at all. Participants did not report
of this list in any of the previous experimentsconscious rehearsal of the digit list. The R
No other effects were significant, although thgroup fared better, with all participants report-
groups X lists interaction approached signifi-ing nine digits, and seven of this group were
cance,F(1, 22) = 3.6, MS, = .09, p = judged to have moderately accurate recall; sev
.0725, andhis occurred because recall of list 2eral of this latter group reported conscious digit-
in the F group was significantly lower thanlist rehearsal during list 2 acquisition. It seems
recall in all other conditions. This finding showsthen that a supraspan concurrent memory loa
that holding a concurrent memory load in minccannot be held in mind while learning a second
while trying to forget a previously acquired listlist and simultaneously attempting to inhibit a
may be especially difficult as acquisition of therecently acquired list. Our F-group participants
second list was more severely hurt in the F thaglealt with this overload by abandoning the nine-
R group while at the same time inhibition of listdigit concurrent memory load task and, as &
1 was abolished. It seems as though the proceggmsequence, list 2 was acquired to a high leve

ing resources required for learning and inhibignd some weak inhibition of list 1 then ap-
tion were all channeled into retaining the conpeared.

current memory load. Indeed, all participants
reported consciously rehearsing the digit list EXPERIMENT 5

while studying list 2 and this in itself may have ) o
been sufficient to lower learning and abolish EXperiment 4 demonstrated that inhibition

inhibition and we return to this point later. ~ ¢an be abolished altogether with the appropriat

Related to this was the outcome from afSt 2 secondary task. In the present experimen
identical experiment which differed from theWe investigate how inhibition may be overcome
present experiment in that a nine-digit supradlot without the use of a secondary task bui
pan list was used rather than a six-digit at-spaither by promoting integration of the lists.
list (see Harries, 1999, for a full account of this30lding, Long, and MacLeod (1994) found in
experiment). Mean probabilities of recall in thean item-by-item DF experiment where some

nine-digit experiment for the R group were list--cued items were highly related to R-cued
1 = .67 and list 2= .44 and for the F group, list items that inhibition of F items associated with

1 = .53 and list 2= .72. The groupx lists R items was disrupted and there was consis
interaction was significant(1, 22) = 23.9, tently higher recall of these associated items
MS, = .51,p < .01, and Fgroup list 1 differed relative to the recall of F items unrelated to R
reliably from F group list 2t = 2.53,p < .03, items. Although, overall, recall of associated F
but no other reliable contrasts for F group list items was still poorer than R item themselves.
were observed. Also as recall of the F list in thd hus, following Golding et al. (1994), it should

nine-digit concurrent memory load experimenbe possible to considerably raise recall of the F
was poorer than recall of the corresponding lidist, while at the same time maintain a high level
in the six-digit experiment, it seems that ther@®f recall of list 2 by using words on one list that
may have been some inhibition of the TBF lisare associated with words on the other list. The
in the nine-digit experiment, whereas there wafénal two experiments explore this possibility. In

no evidence of any inhibition whatsoever in théhe present experiment, which is identical to
six-digit experiment (see Table 2). These findExperiment 1, a single word in the TBF list was
ings, then, are highly inconsistent with those olhighly associated with a single word in the TBR
the six-digit experiment but can be accommolist. A set of pairs of associates were selectec
dated when it is appreciated that none of thifom word-association norms (Moss & Older,
participants in the F group were able to report996) and for each pair only the two most
back their nine-digit lists with anything but ex-closely associated pairs were used.
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Results TABLE 3

Table 2 shows the mean probabilities of re- Recognition Collapsed over Lists 1 and 2: Mean Proba-
call in each of the conditions and it can be Seeﬂ“tlesho;H'tS and False Alarms (FAs) for Experiments 1
that the pattern is that of a “standard” DF effect 29
and virtually identical to that found in Experi- R K F Total
ment 1. There was a reliable groups lists
interaction,F(1, 22) = 24.9,MS, = .48,p < Experiment 1: “Standard” DF
.01, andF-group list 1 performance was reli-  Procedure
ably poorer than R group list 1,= 6.3,p < E/'i 8“31 g'gé g'ﬁ 8'22
.01, and Fgroup list 2t = 4.2,p < .01.ThuS, Eyperiment 2: DF with T '
when a single item on the TBF list is related to  vowel counting

a single item on TBR list inhibition is unaf- Hits 0.55 0.08 0.16 0.79
fected. FAs 0.03 0.02 0.16 0.21
Experiment 3: DF with word
length judgement
EXPERIMENT 6 Hits 0.64 0.11 0.13 0.88
The results of Experiment 5 did not support FAs 0.02 0.04 013 0.19

our view that by increasing the similarity of the®®eriment 4: DF with
concurrent memory load

lists, albeit in a small way, |nh|b|yon would be s 066 013 013 092
weakened or even abolished. Given the resultsgas 0.01 0.02 021 024
of Golding et al. (1994), this was surprising andexperiment 5: DF with a

we concluded that some small amount of simi- semantic associate

larity between the lists was not sufficient to H'tz g'gz g'gg 8'5’ g'iz
affe_ct inhibition. Consequently, it was deude%mriment 6: DE with

to increase the number of associated pairs several semantic associates

across lists to five word pairs (or half the list). Hits 0.74 0.07 0.10 0.91
FAs 0.03 0.01 0.03 0.07

Results
*R, Recollective Experience; K, Just Know; F, Feels
Table 2 shows the mean recall probabilitiesamiliar.

and it is evident that recall in all conditions is

high. Interestingly, the only manipulation to

reach significance was a main effect of groupgffect of related versus unrelated item sets wa
F(1, 22) = 9.1, MS, = .2,p < .01, and the also foundF(1, 22)= 61.1,MS, = .55,p <

F group benefited more from the presence oD1, andmean recall of related items was 85%
pairs of associated words than did the R grougompared to 55% for unrelated items. No othel
A question of some interest that arises witleffects were significant. Thus, F group recalled
these data is whether for the TBF list thosenore overall than R group for both lists and,
items not related to list 2 TBR items alsounsurprisingly, related pairs were recalled to &
showed an improvement in recall relative to Reliably higher level than unrelated pairs. In
group recall of the corresponding items from lisfact, recall of the F list was as high in this
1; that is, whether the abolition of inhibition experiment as in Experiment 4 and reliably
extended to unrelated items on the TBF list fohigher than in all other experiments, showing a
the F group. Accordingly, a further ANOVA complete abolition of inhibition.

was conducted including all the factors ana-

lyzed previously but with the additional factor RECOGNITION PERFORMANCE

of related versus unrelated lists. A main effect The pattern of correct recognition perfor-
of groups was found; (1, 22)= 10.8,MS, = mance and false alarms was the same in all si
.14,p < .01, and thenean for the R group was experiments and the mean probabilities are
62% compared to 78% for F group. A mainshown in Table 3. It can be seen from Table 3



420 CONWAY ET AL.

that recollective experience is the dominant re-  ANALYSES OF OUTPUT ORDER
sponse category for hits in all experiments. The \ye have interpreted our findings in terms of

data for the hits were entered into a mixediypipition caused by competition between lists 1
model ANOVA identical to that used for the theg 4 2. By this view the midlist F instruction

free-recall data, with the addition of memoryyefines Jist 1 as a potential competitor to list 2
awareness as a within-subjects factor with threg, 4 innibition of the representation of list 1 is

levels, remember, know, .and familiar, and th'%hen triggered by presentation and during the
was done for each experiment. In each expefigarning of list 2. If, however, the second-list
ment there was a significant main effect of th&ems are not encoded in such a way as to b
variable memory awareness(2, 44) = 16.6, girong competitors for list 1 items then only
MS. = 2.8,p < .01,F(2, 44)= 34.5,MS. = ek inhibition is triggered. Thus, when the
3.03,p < .01,F(2, 44) = 100.1,MS, = 4.3, encoding of list 2 is shallow or impoverished
p <.01,F(2, 44) = 37.4,MS, = 45,p < compared to the elaborative encoding of list 1
.01,F(2, 44) = 79.1,MS, = 5.3,p < .01, (Experiments 2 through 4) extensive inhibition
andF(2, 44) = 104.8,MS, = 6.9,p < .01, s not triggered and performance on F list 1
for Experiments 1 through 6 respectively. Itises—inhibition is disrupted. In contrast, an R
several of the experiments there were highepigiist cue is an implicit instruction to integrate

order interactions but none of these showed afje two lists and, in this case, any automatic
effects of inhibition on memory awareness (Sehibition caused through list 2 learning is over-
Harries, 1999, for a full account). Thus, thecome by the integration of lists 1 and 2. There
prediction that correctly recognized TBF itemss however, an alternative account of these
might be differentially associated with familiar-ﬁndings which argues that the effects arise no
ity responses was not supported. It is, howevefrom inhibitory processes operating during or
important to note that the present study used th§ose to encoding but, rather, from retrieval
lists method of DF, whereas the Gardiner et ajynamics’ Several different versions of this

(1994) study, from which our prediction wasaccount have been proposed (cf. Anderson &
drawn, used the item method. This alone may bgpeliman, 1994; and see Crowder, 1976; an
sufficient to account for discrepancies betweefiyrdock, 1974: for reviews of earlier studies)
the two studies. In the items DF procedure the

TBF items are not considered to be inhibited,

but instead thev receive less elaborative ra_wareness variable. These are discussed in Harries (199
y ecmd are shown here for completeness. We note that highe:

hearsal and it is this which makes them lesgse-ajarm rates occurs in the familiarity category and this
memorable (MacLeod, 1998) and, as a conse-often the case in recognition memory experiments tha
guence, more likely to be associated with 1‘eelta|§e these awareness measures.

ings of familiarity when they are recognized Brainerd, Reyna, Harnishfeger, and Howe (1993) have

. . hown in multitrial free-recall experiments that more diffi-
(Gardiner et al., 1994). In the list method of DF(S:uIt to retrieve items are recalled at earlier output positions

the view iS_ that the TBF_ "S.t' -o-riginally a.CqUiredWhether this also applies to the single-trial recall used in the
normally, is subject to inhibition following the present experiments is not known; however, our suggestiol
F cue. The present findings demonstrate thigtthat it does not. The harder to retrieve items will always

recognition so completely overcomes this inhipe from the_ F lists and |_f it is the_case that in single-trial
bition that the TBE items can be recollectivel recall hard items are retrieved earlier then there should be
yIarge number of participants, in the F groups, across all

experienced during recognition, which lendgxperiments, who systematically recall F items first. As no
strong support to the claim that the F list istriage pattern (cf. Brainerd et al., 1993) was observed it
indeed, encoded normally and in a form apprgieems reasonable to conclude that the findings from re
priate to memorizing, i.e., in an elaborative Wayeated recall studies do not extend to single-trial recall

likelv to facilitat llecti iend Studies or at least the ones reported here. However, on
Ikely 10 1acilitate recollective experience. possibility that might be noted is that earlier recall of harder

items in multitrial free recall experiments might reflect the
! Table 3 also includes the mean false-alarm rates whicbperation of retrieval inhibition of easier to recall items in
in each experiment, also had reliable effects on the memotster recall trials (cf. Roediger, 1974).
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although the basic idea is simply that prioritiz- TABLE 4

ing recall from one list impairs re_ca” (by what-  £ree Recall of Lists 1 and 2: Mean Probabilities for
ever means) of the other list. So if, for example, Experiment 7 and a Subset of Experiments 1 and 5
the F group predominantly started their recall
with list 2, this might cause an impairment of List1 List2
list 1 items which become progressively more

[ ible as more list 2 items are recalled e e © Standard DF procedure

Inaccessl - A with recall of list 1 first

(e.g., Roediger, 1973, 1974). Thus the inhibi- g group 0.81 058
tory effects in the DF procedure could arise F group 0.40 0.62
because of order of output at recall and nd@F with recall of list 1 first and vowel

because of earlier inhibition of list 1. There are _ counting on list 2

arious arguments and findings, which suggest- 9" 072 035
v . 9 . gs, a9 F group 0.49 0.32
ing to those we report a final study that aimed to  Experiments 1 and 5

rule out the output account. R group 6 = 13) 0.67 047
F group o = 7) 0.40 0.49

EXPERIMENT 7

The output hypothesis as stated above can be

tested by requiring recall of list 1 first. If, undering on list 2 (middle panel). Note that there
these circumstances the DF effects in the sta@rere 15 participants per group. Turning first to
dard procedure and in the list 2 with secondarnshe standard procedure, the groupslists in-
tasks procedure are still observed, then it coul@raction was significantF(1, 28) = 32.4,
not be maintained that the effects arise fronvs, = 7.4,p < .01, and for thecritical con
output interference. For instance, if list 1 in therast of F group list 1 versus R group list 1 a
F group shows an impaired level of perforsignificant difference was observed,= 7.4,
mance similar to that observed in Experiment b < .01, indicating a DF effect. The similarity
and the other standard DF experiments reported these findings to those of Experiment 1 (see
earlier, then the impaired performance could notable 1) suggests that output interference, a
be attributed to the interfering effects of recallconceived of here, is not a factor which strongly
ing list 2 first. Similarly, if the level of F group influences the pattern of recdllThe major dif-

list 1 recall following vowel counting on list 2 ference between the two sets of data is an ove
but with recall of list 1 first is comparable to thata|| increase in the level of recall in all four
observed in Experiment 2, then, again, the pat-
tern of disrupted inhibition could not be attrib- 2in a third replication of Experiment 1 with recall of list
uted to output effects. In fact there are good first we found, however, a level of .48 for F list 1 recall.
reasons to suppose that this latter pattern will i'ﬁhis comparatively 'high Ieve.l of recall was significantly
. ifferent from Experimenl F list 1 recallt = 2.08,p <
fact be th_e outcome as ||$t.1 was _spontan_eous 5, but did notiffer reliably from the level of recall in this
recalled first by most participants in Experimentongition in the present experimertt,= 1.3. A closer
2 (see analyses of output order below). Accordxamination of the data from this third replication identified
ingly, then, we repeated Experiments 1 and mre_e outliers in the F group, with negr-ceiling scores of .8
with the following change: at test participant§” list 1 and .9 on list 2; by comparison the next highest

overall score by any participant in this group was .6. If the

were instructed to recall items from list 1 fIrStscores of these outliers are removed and the data reanalyze

and only when they could recall no more Wergnen all the effects remain significant, the only change being

they then to recall items from list 2. that F list 1 mean performance falls to .4, which is not
significantly different from the corresponding performance
Results in Experiment 1 and is identical to the level reported in

Table 4. It seems to us that these data are interesting becau

Table 4 shows the mean probabilities of ret'hey (tentatively) suggest that there may be strong individ-

call in each of the four conditions in a standarga; gitferences in overcoming inhibition—an issue which
DF procedure (top panel) and with vowel counthas not yet been examined with the DF procedure.
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conditions in the present experiment comparetified, 4 in the F group and 10 in the R group.
to Experiment 1 and this may arise because thghese data were pooled to form a group of 7
increased difficulty of the recall task inducexases of F group recalling list 1 first and 13
more effort. Note that the F-group list 1 perfor-cases of R group and the mean probabilities ar
mance is higher here (Table 4) but does nahown in Table 4. It can be seen from Table 4
differ reliably from the same level of perfor-that F group list 1 recall is poorest overall and
mance in Experiment 1, = 1.1. Thereplica- the groupsX lists interaction is significang (1,
tion of Experiment 2 (middle panel of Table 4)18) = 6.7, MS, = .19, p < .02, as is the
also produced a reliable groupslists interac- critical contrast of F group list 1 with R group
tion, F(1, 28) = 7.4, MS, = 1.6,p < .02, list1l,t = 2.94,p < .01, indicating a robust
with a significant difference between groups oF effect. The difference between the F group
list 1,t = 4.4,p < .01. It can beseen from list 1 mean of .40 observed here and the corre
Table 4 that recall of list 2 was hurt for bothsponding condition in Experiment 1 (with the
groups and this simply shows that vowel countsix participants removed) was not significant;
ing impairs retention of the list. Directing recallmoreover this value is identical to that obtained
to list 1 first had no noticeable effect in eitherearlier (top panel of Table 4). It seems, then,
group and the means shown in Table 4 ardat output interference contributes little to the
virtually identical to those previously observeceffects reported above and no matter which lisi
in Experiment 2 (see Table 2). Taken togethds recalled first powerful DF effects are ob-
the findings of these two replications wouldserved. When attention is explicitly directed to
seem to rule an output account of the findingsin inhibited list then inhibition for one or two
A further way in which to test the outputitems may be overcome but despite this, perfor
hypothesis is to examine DF effects in thosgance on the inhibited list remains significantly
participants who spontaneously recalled list iepressed compared to the control condition.
items first. If reliable DF effects are present Experiment 7 and the additional analyses of
here, then this too would also strongly argu&xperiments 1 and 5 effectively rule out an
against the output hypothesis. Moreover, dagccount of our findings in terms of output in-
from participants who spontaneously recall listerference; nevertheless it will be useful to have
1 items first have the advantage of being a pun overall index of output order that allows
index of the effects of output order in thatcomparisons between conditions and experi
attention has not been explicitly directed to thignents. In order to achieve this the ranked outpu
list. The data for Experiments 1 and 5 wer@rder of items from each list for each participant
reexamined and those cases where the firstvas tabulated. A scaled rank for each list was
item to be output was from list 1 were selectegomputed for each participant in the following
for further analysis. Note that recall of the firstvay: the mean rank for all list 1 items (MRof
item from list 1 was used as a criteria becausgh individual participant was calculated. Scalec
by recalling a list 1 item first the probability of rank was then computed by subtractifgl(+
recalling other list 1 items is increased (assumt)/ 2 from MR, (whereN1 = number of list 1
ing no inhibition). Thus, if output interference isitems recalled) and the product divided bi2
the operative factor in the DF effect then whernumber of list 2 items recalled). In calculating
list 1 items are recalled first this should interferéhe scaled ranks for list 2 MRreplaced MR
with recall of list 2 items and, consequently, ndand N2 replacedN1. The advantage of this
DF effect will be observed. Six participantstransformation is that it takes into account both
from Experiment 1, three in the F group andhe number of items recalled from a list and
three in the R group, recalled an item from listheir various ranks and expresses the scale
1 first and in Experiment 5 14 cases were iderficore as a number between 0 and 1. A scale
score of .5 indicates that the items were inter-

“Data from these two experiments were used becauPersed equally in recall, i.e., output alternatec
they produced a standard DF effect. from list 1 to list 2, a score in the direction of O
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means that those items tended to be recalldidt 2 was acquired under conditions of divided
first, and a score in the direction of 1 that thosattention and consequently would have receive
items tended to be recalled last. For each of thenly a shallow encoding. Finally, in Experiment
experiments, one through six, the scaled ranisonly lists was reliable, L .4 and L2= .6,
(SRs) were entered into an ANOVA identical to-(1, 22) = 5.3, MS, = .5, p < .01; and
that used with the free recall data. despite this bias to recall list 1 items first the SR
In Experimen 1 a reliable groups< list in-  values indicate extensive interspersing of item:s
teraction was foundF(1, 22) = 7.6, MS, = during recall.
1.74,p < .01. The Rgroup showed a bias to Finally, one potential problem with the SR
output list 1 items first, SR= .3, and to list 2 method of calculating biases in output order is
items second, SR .7. In contrast, the F group that it does not take into account amount re-
bias was to list 1 items second, SR.7, and to called. Thus, a participant who recalled two list
list 2 items first, SR= .3. As Experiment 7 1 items followed by two list 2 items would have
demonstrates that in the standard DF proceduBRs of 0 and 1 respectively, as would a persol
F group list 1 performance remains depresseagho recalled four list 1 items first followed by
even when all list 1 items are recalled it followseight list 2 items. This is not a problem if the
that output order is unrelated in level of recallinterest is simply in biases in outpreggardless
at least in the present experiments. In fact thisf the amount recalled-However, it might be
striking interaction in output order is exactly theargued that a participant who recalled, say, twc
pattern that would be expected if the mosfist 1 items first followed by eight list 2 items
highly active or accessible items are recalledas, in fact, subject to output interference of list
first. Thus, in the F group list 1 is inhibited and,1 by the extended recall of list 2 itemsSuch
therefore, has low accessibility, whereas list Zutput interference should be present in the F
which is not inhibited, has high accessibility,and as well as F groups and the R groups ar
ensuring early recall of items from this list. Thegood candidates to show this as their recall i
position with the R group is more complex anchot subject to an earlier F instruction. Accord-
an account proposing that, for example, retrdngly the R group data from Experiments 1 and
active interference from list 1 to list 2 leads to5 were examined and six participants with SRs
the former list obscuring or somehow overshadyf 0 (all list 1 first) and 1 (all list 2 second) were
owing the latter and, hence, biasing recall of lisidentified (there were also two cases of partici-
1 first, although plausible, is not especially compants with SRs of 1 and 0). If it is the case that
pelling. Instead, it might just as well be pro-|ater and extensive recall of list 2 interferes with
posed that all else being equal, participantge further recall of list 1 then there should be
when recalling two recently learned lists have greater recall of list 2 items than list 1 items in
general bias to start their recall with the itemshis subgroup of participants. It was found that
learned first. The problem with all these explamean list 1 recall was .76 compared to list 2
nations is that in Experiment 5, where there wagcall, which had a mean of .63. These, how-
also a standard DF effect, no reliable groups ever, did not differ reliablyt < 1.6, andthis
lists interaction was found and output SRs hergjggests that “overshadowing” output inference
were close to .5, indicating interspersing ofyas not a systematic factor in the present DF
items from the two lists in order of recall. In experiments_ In fact, |00king over all partici_
contrast, SRs from Experiment 2, 11 .3 and pants’ patterns of recall in Experiments 1 and 5
L2 = .7,F(1, 19) = 12.9,MS. = 1.9,p < there were no cases which could, on the basis ¢
.01; Experiment 3, L1= .3 and L2= .7, F(1, output order, be unambiguously classified as :
22) = 13.5,MS. = 1.9,p < .01; andExper  product of output interference. Patterns of recal

iment4, L1= .4 and L2=.7,F(1, 22)= 5.5, which did not yield SRs of 0/1 or 1/0 were of
MS, = 1.1, p < .03, all showed reliable list

effects with biases to recalling list 1 items first. se thank Mike Anderson for bringing this alternative
This, however, is unsurprising, as in each casecount to our attention.
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mixed form such as 11222111121211if a within-span concurrent memory load ac-
112221222111, and so on, and this is reflectebmpanies second-list learning (Experiment 4)
in the mean SRs, which, with values rangind\bolition of inhibition also occurs when the
between .3 and .7, indicate mixed patterns dfvo lists are strongly associated (Experiment 6)
recall in which lists were sampled several timebut not when they are only weakly associatec
at different points during recall. (Experiment 5). None of these manipulations,
In summary, the present section shows thain the other hand, whether inhibition inducing
output interference played little if any role in the(Experiments 1 and 5) or inhibition disrupting
patterns of recall reported in Experiment 1 to all other experiments), systematically influ-
and this, perhaps, is not so surprising. Univerenced recognition performance, which gener
sity students have few problems in recalling alally was at a high level. Correct recognition was
of two lists of 10 words each. In our pilotdominated by recollective experience, which
studies we found that we had to introduce aontrasts with recognition in item-by-item DF
demanding filled interval in order to prevent theexperiments where an increase in feelings o
R groups performing at ceiling and even withfamiliarity characterizes correct recognition
this R group list 1 performance averaged .6{Gardiner et al., 1994). We believe these differ-
over the first six experiments. It seems to us thances reflect lack of elaborative rehearsal of |
failure to recall from F group list 1 was largelyitems in item-by-item DF experiments which
a product of inhibition with, possibly, outputgives rise to memory representations that pro
interference affecting the accessibility of thenote feelings of familiarity rather than recollec-
occasional item for some participants. Finallytive experience during correct recognition. By
this conclusion is consistent with other findingscontrast, in DF list experiments the F list is
for example, by Geiselman, Bjork, and Fishmatearned normally, i.e., as a TBR list, and be-
(1983), who found that directing recall to com-cause of this is, presumably, elaborately en
mence with one list or the other does not reeoded. Consequently, when an item on a recog
move the DF effect, again showing that outpumition test overcomes the inhibition the
order is not critical. More recently it has beerrecognized word can be recollectively experi-
found that when participants recall ordyelist, enced. Finally, an extensive investigation (Ex-
i.e., list 1 or list 2 in both F and R groups, theperiment 7) and examination of the patterns of
DF effect remains robust (R. Bjork, personabutput order indicated that this was highly un-
communication). Taken together the experilikely to have led to the patterns of recall ob-
ments and additional analyses reported in thserved in the present DF experiments. We turr
section rule out an account of the overall patternext to an account of the overall pattern of
of findings in terms output order. This does notindings, which in our view can best be ex-
mean that output order effects did not occur iplained in terms of how effective list 2 is in
the experiments, nor does it mean that retrievaliggering inhibitory processes.
dynamics do not effect level of performance in ) »
other recall tasks; instead, our claim is thatnhibition, Integration, and Competition
output order is not a factor that systematically A fundamental assumption that underlies out
influences level of performance in the DF byeasoning is that encoding processes aim t
lists procedure, and derivatives of it, used in theninimize the load imposed by the formation of
present sequence of experiments. new memories, while simultaneously keeping
available, for a limited time, a large amount of
GENERAL DISCUSSION recently acquired information. We believe that a
In summary, we have found that inhibition ofkey feature of experience to which inhibitory
a recently acquired list of words can be disand integration encoding process respond is th
rupted if a secondary task is performed whilelegree of potential for interference in later re-
learning a second TBR list of words (Experi-call of successively encoded episodes. When i
ments 2 and 3) and can be completely abolishesl judged (and we assume such judgments ar
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nonconscious) that temporally contiguous epie.g., Tipper, 1985; Tipper et al., 1991; see
sodes are highly likely to interfere with eachPashler, 1998, for a review). Extrapolating from
other in later recall, then each newly encodethis, a simple and powerful explanation of the
episode is subject to inhibition, i.e., the encodbF effect in Experiments 1 and 5 is that when
ing system effectively self-generates an F cuattention is directed to the encoding of the sec
The inhibition is triggered by the encoding of aond list, memory for the first (competing) list
subsequent competitor episode and it reducegcomes a target for inhibition. If the similarity
the accessibility rather than the availability obetween the two lists is such that they would
the competitor episode already represented later compete in recall, then inhibition will be
long-term memory. Another way in which en-triggered and, moreover, will increase as items
coding processes deal with the uncertainty dfom the first list are occasionally accessed dur
what and how much should be retained is bing list 2 learning. Thus, a critical factor in the
integration. In this case, competing, or potenbF effect is the potential of lists 1 and 2 to
tially competing, memory episodes are inteeompete in later recall. This may also explain
grated with each other to form representationshy an F cue on its own, i.e., without further list
that do not trigger inhibitory encoding processtearning, has little impact on memory despite a
es: integrated episodes do not compete becaussgiberate and effortful attempt to forget. In-
they are part of the same knowledge structur@eed, this type of willed forgetting may have
(cf. Radavansky, 1999). Although encodingjuite the opposite, and ironic, effect of increas-
processes may be designed so as to generalty remembering of TBF materials (Wegner,
promote integration where this is possible, i1994). Inhibition does not occur in the R groups
may be that they too require some type of inibecause the first list is associated with an R cu
tiating cue, e.g., an R cue. Of critical impor-and this triggers integration. Here, when list 1
tance to initiation of inhibition and integrationitems are occasionally accessed during seconc
are interepisode remindings that occur durintist learning they will be associated with the list
encoding of a new episode. If the episode beingitem currently being processed and integratior
encoded is highly similar to a recently encodedill be facilitated. Possibly, this is why we often
episode therduring the process of encodiniy observed a pattern of list switching in the output
will cue the recall of items from that episode. If,order data in the R groups.
for whatever reason, the already encoded epi- Why then should a concurrent task (Experi-
sode is to be inhibited then these interepisodmaent 3) on list 2 disrupt inhibition and a con-
remindings will act to intensify the inhibition. current memory load (Experiment 4) on list 2
If, on the other hand, and again for whateveabolish inhibition? We propose that the effect of
reason, the already-encoded episode is to haaesecondary task during second-list learning i
it's accessibility maintained or even increasedp reduce the extent to which the second list is
then the interepisode remindings will increasencoded as a competitor to the first list. This
integration of the already-encoded episode withccurs because the second list cannot be el
the episode currently being encoded (Expercoded in a rich enough way to act as powerful
ment 6). competitor to the representation in memory of
In order to apply this reasoning to the comiist 1 (which has been elaboratively encoded)
plex pattern of our findings we draw furtherThe secondary task on list 2 may also impair ol
upon a proposal by Anderson and Spellmaprevent recall of list 1 items during list 2 learn-
(1994, see too Bjork et al., 1998; and Andersoimg, i.e., by drawing upon any unused process
& Bjork, 1994); namely that the process ofing capacity, and this may additionally act to
retrieval inhibition is similar in type to the in- lower list similarity and, hence, weaken inhibi-
hibition that occurs in selective attention. Intion. A problem for this account arises when the
selective attention it has been shown that direcfindings of Experiment 2 and 4 are compared.
ing attention to a specific target causes the sRecall of list 2 by the F group in both experi-
multaneous inhibition of competitor targetsments is at about the .3 level (see Table 2)
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suggesting quite severe impairment in the a@ach other, completely removes inhibition. The
quisition of this list. According to our reasoningpattern of mean free recall in Experiment 6 (see
the ability of the representations of lists 2 and Table 2) showed that when there was a stron(
to compete in recall should therefore be comassociation between the lists not only was inhi-
paratively low and as a consequence recall dfition abolished but the F group benefited sig-
list 1 should be raised above the level of thatificantly more than the R group from the pres-
observed in Experiment by about the same ence of interlist associates. We suggest that tw
amount in both experiment8ut this was not factors played a role in producing this pattern of
what we observed and, instead, F-group recaksults. First, inhibition was abolished because
of list 1 in Experiment 2 was 16%essthan in the strong associations between the lists powel
Experiment 4—a significant difference. In spitdully cued integration processes by promoting
of that result, we believe that our account irextensive recall of list 1 items while learning list
terms of competitors triggering inhibition re-2. The net effect of this high degree of interlist
mains viable. In our view, the difference be-cueing was that the two lists were treated (by
tween these two experiments depends on tlemcoding processes) as one and so, as they we
way in which the different list 2 manipulationsno competitor lists, inhibitory processes were
in each experiment impact upon list 2 learningnot triggered. Second, the increased recall in th
and, consequently, determine list competitiveF group, compared to the R group, may have
ness. Vowel counting (Experiment 2) and deen atype of “rebound” effect (Wegner, 1994).
within-span concurrent memory load (Experi-This latter effect may have arisen as a “correc-
ment 4) may impair second-list learning tation” process to a misplaced attempt at inhibi-
about the same extent while impacting upotion. Assume that there is an intention to forget,
inhibition to different degrees. The particularinduced by the F cue, and that presentation o
relevant difference here is that the two-digithe second list leads to identification of the
concurrent memory load in vowel counting ismemory of list 1 as a to-be-inhibited competi-
less demanding than that in the six-digit contor. Inhibition is then highly prime and a target
current memory load used in Experiment 4. Ouinas been identified, but then the content of the
view is that in Experiment 4 list 1 items weresecond list turns out to be unexpectedly relatec
rarely, if at all, accessed during list 2 learningo the memory of List 1. This association rede-
and it is this that leads to the abolition of inhi-fines list 1 not as a competitor, but as part of the
bition in this experiment. In contrast, the lessame list and—as a consequence—additione
demanding task of vowel counting may havectivation, sufficient to overcome any initial
allowed some access of list 1 items during list Znhibition, is directed to encoding the two lists
learning and so weakened rather than preventedd their interlist associations. Possibly, this
inhibition. Thus, inhibition can be disrupted inadditional activation is responsible for the en-
at least two way: either by a reduced compethanced recall of F group compared to R grour
tion or by prevention of access to list 1 itemsn Experiment 6.
during list 2 learning. When the two are com- Our view, then, arising from the data reported
bined, as in holding a concurrent memory loadbove and derived from the general view of
in mind during second-list learning, there is &jork et al. (1998), is that inhibition is primed
cumulative effect and inhibition is abolishedwhen one set of materials, already represente
(Experiment 4). in memory, is defined as a potential competitor
Finally, consider the results of Experiments %o another about-to-be-encoded set of material
and 6. Introduction of a weak association bemhibitory processes are then triggered or initi-
tween the lists in the F group does not affect Diated by the encoding of the new TBR list. The
and the usual inhibitory pattern is observed (Exstrength of the inhibition is set by the (potential)
periment 5). In contrast, introduction of a strondegree of competition between the already-en
ger association between list 1 and 2 items, wharoded TBF list and the TBR list currently being
half of each of the two lists are associates cdcquired. The more the potential of the TBF
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materials to compete later in recall with thehey once could, any of the words from the lists
TBR materials the greater the degree of inhibier that there had been two lists, that they re-
tion. However, there is a trade-off between theeived a midlist instruction, that there was a
degree of potential competition and list discrimf{illed interval, a recognition test, and so forth. In
inability. Lists that are highly similar, becausegeneral, the accessibility of details of AMs
they contain many associates as in Experimenhanges over time as memories are “shaped” b
6, may not be encoded separately, in which casensolidation processes, such as rehearsal, in
inhibition would not be triggered because therparticular patterns. Note that we are not sug:
would be no competitor memory representatiorgesting that this is the only way in which AMs
One strong prediction of the the view we haveake on their form and the predictability of
developed here is that it should be possible texperience (Schank & Abelson, 1977), as well
depress the level of inhibition with sufficientlyas it's unpredictability (Kahneman & Miller,
dissimilar lists and work in progress in ourl986), extent of prior knowledge, self-rele-
laboratory suggest that this is indeed the cas@nce, emotions, as well as a host of othel
(Racsma’ny & Conway, 1999). In a “standardfactors (cf. Mullin, Herrmann, & Searleman,
DF experiment the two lists comprised either all993), operating in concert will all influence
members of the same category, e.g., all vehwhat is retained in both the short and long term
cles, or were a mixed list of unrelated items(Conway et al., 1996, 1997). Instead our point is
When the categorized list was used as list 2, that inhibition and integration processes operat
group mean recall of list 1 was .48 and althouging at encoding may be one of the sets of factor:
significantly less than recall of list 2, which wasthat prepare a memory to have, as it is encode
.64, it was significantly higher than standarar close to encoding, a particular pattern of
F-group list 1 recall of .32. These more recenhccessibility and this pattern may, by influenc-
data and the theoretical account developed ing what aspects of an AM are subsequently
this section suggest that complex DF results caehearsed, may make an important contributior
be usefully conceptualized in a framework thato determining the long-term “shape” of a mem-
focuses on how inhibitory and integration pro-ory. We believe that the DF procedure repre-
cesses operate during encoding. sents a good laboratory analog of the shaping @
memories that takes place in everyday cognitior
and, therefore, constitutes an effective way ir
A further aim of the present experiments wasvhich to examine initial retention of AM de-
to initiate development of an account of thdails.
neglected topic of the encoding of autobio- In the laboratory the “units” of experience to
graphical memories (AMs). Our theoreticalbbe sampled by a memory test are defined by th
starting point is that in the short term, overexperimenter. In an analogous way the structur:
periods of minutes and hours, very detailedf experience, perhaps determined by the begir
memories are retained. Over longer retentionings and endings of distinct actions, thoughts
intervals of days, weeks, months, and yearsnd/or feelings (Conway, 1992, 1999; Newtson,
memories lose much of their detail, althougti976), may provide the junctures that define
they may nonetheless retain some sensory-pemits of to-be-encoded experience in everyday
ceptual details (Conway, 1996, 1999). Thus;ognition—much as the between-lists cue de
participants in the present experiments mighfines the lists in a DF experiment. So for exam-
after an extended retention interval of, say, sele, switching from thinking to writing, from
eral years, recall that they took part in somevriting to making a cup of coffee, and so on,
research when they were at university. Perhapsay all provide junctures at which units of
they could recall some details of the laboratoryexperience become encoded into memory
a specific experimenter, and they may even rdhese “units,” which are summaries of epochs
member that they had to learn lists of words. lof ongoing dynamic cognition, contain exten-
is unlikely at this point that they will recall, as sive sensory-perceptual information—they are

Shaping Memories
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“near-experience”—and Conway (1996, 1999ubsequent integration with other autobiograph
refers to them collectively as Event-Specifigcal knowledge. Lack of rehearsal and integra-
Knowledge (ESK). The lists in a DF experimention will render a unit progressively more and
can be viewed as analogous to ESK units (imfmore unavailable until at some point during the
deed, depending on how they are encoded, thetrieval interval the unit will become perma-
lists may in fact be individual ESK units) andnently unavailable and, in effect, forgotten.
can be subject to retrieval inhibition in a similarThese inhibited units of ESK can, however, be
way. Thus, as each unit is represented it conaccessed by a sufficiently specific cue, as ir
petes, more or less strongly, with recently reprecognition, and retrieval inhibition only influ-
resented units. Patterns of inhibition therences what is accessed in recall. This latte
build-up that reflect the degree of competitionaspect of retrieval inhibition allows the reeval-
(Note that we assume that no conscious intemration of an event, or aspect of an event, whel
tion to forget is needed to produce this sponta subsequent cue overcomes the inhibition of :
neous retrieval inhibition, which is simply andetail of an earlier memory. (How long the
automatic encoding process. A conscious inteccessing of an inhibited ESK unit with a spe-
tion to forget is only required in the artificial DF cific cue remains a possibility is unknown, but
procedure.) see Conway, 1997, for a review of data that
The outcome of the build-up of inhibition is asuggesting it may remain possible for very long
lowering of the accessibility of ESK units of aperiods of time.) In conclusion, by shaping what
similar type up to the most recently encodedan be easily recalled, retrieval inhibition indi-
unit. By this view, inhibition is the default staterectly influences which specific details might
of most units of ESK of a similar type with the potentially be retained in accessible form over
exception of the most recent unit to be encodetengthy retention intervals while at the same
As a consequence, ESK units of a similar typéme placing other (TBF) units in a state of
remain available but have attenuated accessttenuated accessibility that promotes their for-
Unless these units are accessed, rehearsed, getting.
integrated with autobiographical memory Finally, consider the outcome of encoding in
knowledge structures they may become permaenditions where retrieval inhibition is either
nently unavailable (forgotten). Thus, inhibitionattenuated or prevented altogether. One poss
of similar ESK units shapes a memory so thalility is that the types of memories that result
only certain units are readily accessible in frecom Post Traumatic Stress Disorder (PTSD)
recall. In addition to such effects, of course, arare, at least in part, a product of a widespreac
the current goals of the rememberer, which mafailure of retrieval inhibition at encodinyThis
override automatic inhibition and make accesfilure minimizes the organizing influence of
sible specific ESK units or groups of units thatetrieval inhibition at encoding and allows the
would otherwise have been inhibited (cf. Conretention of apparently “irrelevant” minutiae
way & Pleydell-Pearce, 2000). Personal goalBrewin, 1998; Ehlers & Steil, 1995; van der
may act as unifying themes that integrate ESK
units and, in so doing, make them immune to °Failure of inhibition at encoding may occur when mark
inhibition, or at least the type of inhibition thatedly different ESK units are encoded consecutively, as
underlies the DF effect. Thus, retrieval inhibi_discussed earlier. In the experience of a trauma it may b

that the initiating event leads to an orienting response and a

tion of competitor units takes place only fOI’the event unfolds over time powerful emotions are gener-

those units not subject to other intervention. ateq. If this leads to the encoding of two separate units o
In our view the purpose of retrieval inhibition ESK, one representing the period of the orienting respons
in encoding is to promote forgetting and, inand the other period when emotions were experienced, the

particular the forgetting of redundant Sim”arthe latter representation may not compete with former. This
’ : would leave the AM for the orienting response highly

ESK units. This forgetting is achieved by mak'accessible. Of course, other factors must also be operativ

ing such units less accessible to recall and $f the failure of inhibition may help promote formation of
less available for (spontaneous) rehearsal aad intrusive memory.
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