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The Disruption and Dissolution of Directed Forgetting:
Inhibitory Control of Memory

Martin A. Conway, Kay Harries, Jan Noyes, Mihaly Racsma’ny, and Clive R. Frankis

Department of Experimental Psychology, Centre for Learning and Memory, University of Bristol, Bristol Engl

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 all.© 2000 Academic Press

Key Words: long-term memory; inhibition; directed forgetting; encoding; output interference;
autobiographical memory; free recall; recognition; control processes; forgetting.
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A fundamental problem facing any memo
system is how to select individual items from
range of related items, all of which are (equa
available for recall. For instance, recalling
comments of person A from yesterday’s me
ing rather than those of B and C, recalling f
X rather than the related facts Y and Z, or, m
mundanely, simply recalling where one par
one’s car today as opposed to yesterday o
day before (Bjork, 1989) all require resoluti
of competing responses in memory. This pr
lem may be especially acute for very rece
encoded knowledge, much of which may be
a highly accessible state for some limited pe
after encoding. Short-term retention, over a
riod of hours or possibly longer, of a ve
detailed record of experience may occur
cause it is not possible at the moment of enc
ing to fully determine what should be retain
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and what can be forgotten and, therefore
“overly” detailed record is initially represent
in memory. The idea being that over time p
sonally relevant information will receive mo
frequent rehearsal, i.e., will be recalled or
cessed more frequently than less personally
evant details and, as a result, will enter a m
stable and durable state. In contrast, other
frequently accessed details of a memory
become, over time, progressively more diffic
to access. One reason for this is that each
a single or set of details are accessed assoc
details are inhibited (Anderson, Bjork, & Bjor
1994; Anderson & Spellman, 1995; Radvans
1999). Nevertheless, it seems that inhibition
least in the short-term, can be overcome b
sufficiently specific cue, i.e., as in a recognit
test, and this allows the upgrading of acce
bility of details which subsequently turn out
have a significance not apparent at encodin
this way access and the inhibition it cau
“shape” a memory into a pattern of highly a
cessible details and strongly inhibited, inacc
sible, details. Presumably, the latter eventu
reach some asymptote of inhibition at wh
they become permanently inaccessible, eve
specific cues, and so to all effects are forgot

Inhibition may then shape detailed memo
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over subsequent episodes of recall. It would,
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410 CONWAY ET AL.
however, be incorrect to assume that for
experience all or most features are retain
even in the short-term, in identical states of h
and equal accessibility. Instead, our pers
goals, beliefs, motives, and comprehensio
the world ensure that knowledge of any in
vidual experience is initially stored according
how it relates to the self. Indeed, the degre
attention given to specific aspects of an exp
ence, the predictability of an event (its “scri
likeness”), and other purely endogenous fac
i.e., time of day, will all act to determine acc
sibility of different details of an experienc
Thus, even though a large amount of knowle
of an experience may initially be retained, t
will be, at encoding, already in a pattern
accessibility in which some features are hig
terms of accessibility, whereas others are low
barely accessible at all. In general, it seems t
that the aim of encoding is to create repres
tations in memory that prioritize access to
formation relevant to the self (cf. Conwa
1996; Conway & Pleydell-Pearce, 2000) a
minimize access to irrelevant or redundant
formation while at the same time preserving
availability of many details so that those wh
only become self-relevant later can still ente
state of high accessibility. The experiments
ported in this paper address these encodin
sues and argue that inhibitory processes op
ing during and shortly after encoding act
shape patterns of recently acquired knowle
in such a way as to give memories their (init
form. We propose that this “shaping” of me
ories by inhibitory processes is a nonconsci
automatic process that creates memorie
which some knowledge is more accessible
other knowledge when a memory is sub
quently recalled. Although we conceive of t
process as occurring outside consciousne
may, at least on some occasions, require
tained conscious attention in order to ope
effectively. Indeed, in all the experiments
ported below we used a procedure known
directed forgetting(DF) in which people wer

vertly instructed to self-initiate the forgetti
f recently acquired materials. It is to this p

edure that we turn next. b
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INHIBITION IN DIRECTED FORGETTING

In the DF procedure that uses lists of wo
articipants are simply informed that they w
ee a list of words which they will later have
emember. After presentation of half the list o
roup of participants are instructed to forget
ords they have just learned (the F group)
ontrast, another group are instructed to k
emembering the first lists of words (the
roup). Both groups then learn a second
hich they are informed they will have to la

ecall. At test participants are required to f
ecall all previously studied items. Under th
onditions the F group’s recall of list 1 is a
ow level, typically in the range 30 to 40%
hereas, and in striking contrast, recall of lis
y the R group is unimpaired and at a high le

hat is typically between 60 and 80%, depe
ng on the delay between study and test (Bj
989; MacLeod, 1998). Exactly how this se

nitiated forgetting occurs is unknown, althou
urrent theory favors an account in terms
nhibition (Bjork, 1989; Bjork, Bjork, & Ander
on, 1998; MacLeod, 1998). By this vie
hen, for example, a recently acquired list
ords is followed by an F cue then this trigg

nhibitory mechanisms which act to reduce
ccessibility of the list’s representation in lon

erm memory so that few items are accessib
ree recall. This process ofretrieval inhibition
Bjork, 1989; Bjork, Bjork, & Anderson, 1998
owers the accessibility of otherwise norma
cquired items while leaving their availabil
naffected (Tulving & Pearlstone, 1966). A
onsequence, retrieval inhibition can be a
shed if specific cues—cues more specific t
hose present in free recall—are presente
est, i.e., the actual list items themselves, as
ecognition test. But note, that mere exposur
he inhibited list items does not overcome
nhibition; rather, for this to occur the item

ust be represented in the context of intentio
emembering (Bjork & Bjork, 1996). An F cu
hen, presented after acquisition of a list in a
xperiment triggers inhibitory processes

ower the accessibility of the newly acquired
tems, although these remain available and

e retrieved when specific cues enter the re-
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411DIRECTED FORGETTING
trieval process. The result is a representatio
which (episodically) associated information
differentially accessible although all (retain
information is, at least initially, equally ava
able. Thus, the DF procedure provides a wa
which the process of establishing differen
memory content accessibility can be studie
the laboratory.

There are a range of conditions that influe
the occurrence and magnitude of DF (see
cLeod, 1998, Table 1.2; and Bjork et al., 19
for reviews) and of these one of the most
portant is that, in list-learning DF experimen
the F cuemustbe followed by the learning of
new list. Without second-list learning there
no reliable impairment in recall of the first l
(Bjork, 1989) and, thus, learning the second
is critical to the DF effect. Why second-l
learning is so crucial is not known but fro
participants’s self reports it seems that learn
the second list provides an opportunity to fo
attention on items other than the TBF items
may be that this focusing of attention on
second TBR list is critical to the DF effe
because it triggers inhibition of other, alrea
acquired, TBF items which are competing
attention (Anderson, Bjork, & Bjork, 199
Anderson & McCulloch, 1999; Anderson
Spellman, 1995; Bjork, 1989; Bjork et al., 199
Tipper, 1985; Tipper & Driver, 1988). Ande
son et al. (1994) demonstrated the inhibit
effect of competitor items in the retrieval pra
tice procedure in which prerecall rehearsal o
item from a recently studied list causes inh
tion of related list items in a later recall te
e.g., rehearsal of Orange (cued by the cate
name plus word fragment, “Fruit-Or . . . ?”)
from the earlier acquired list “Apple, Orang
Banana” causes inhibition of the compet
items Apple and Banana. Anderson and Sp
man (1995) extended these findings and sho
how spreading inhibition could extend beyo
category boundaries to other associates,
prerecall rehearsal of the pair Green–Eme
from an earlier acquired list that includ
Green–Emerald, Green–Lettuce, Soup–M
room causes inhibition of both Lettuceand
Mushroom on a later recall test. This finding

spreading inhibition, or second-order inhibition
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(Anderson & Spellman, 1995), is important
cause it rules out a range of alternative ex
nations of these effects such as account
terms of occlusion, interference, and so fo
(see Anderson & Spellman, 1995; Anderson
Bjork, 1994; and Bjork et al., 1998, for furth
discussion). The effects of inhibition in the
trieval practice procedure are, then, exten
and arise because of competition between
ready-encoded list items with the to-be-
hearsed retrieval practice items. Our sugges
is that a similar form of competition occu
between the TBF and TBR lists in the DF p
cedure and it is this which triggers (automa
inhibitory processes as attention is intention
and selectively focused on the second list.

DISRUPTION OF INHIBITION

A counterintuitive prediction arising from th
above reasoning is that if attentional resou
are stressed or overloaded during the learnin
the second list then it may not be possible
focus attention on the TBR items and so trig
inhibition of the TBF competitors. A cons
quence of this would be an unexpected ris
the recall of the F list, which would not ha
been effectively inhibited. Interestingly, th
was exactly the finding of Macrae, Bode
hausen, Milne, and Ford (1997), who increa
the processing demands in second-list lear
by requiring F-group participants to keep a r
ning total of all the vowels in the words on t
second TBR list. Unsurprisingly, memory
list 2 was markedly impaired with a mean pr
ability of recall of .22 compared to a mean
.49 for the F list. In contrast, mean recall of
F list in the condition where there was no s
ondary task on list 2 was significantly poorer
.37. It should be noted that the Macrae et al.
procedure and materials were slightly differ
from those typically used and this was beca
the primary purpose of their study was to
amine the processing of stereotypes in mem
Nevertheless, these findings show that incr
ing processing demands during second
learning candisruptDF and perhaps this occu
by attenuating attentional focusing during lis
learning, thereby restricting the strength of

hibition of competitors (F-list items).
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412 CONWAY ET AL.
Another way in which to disrupt or eve
abolish inhibition would be to reduce the ext
of competition between lists or items. Anders
and McCulloch (1999) found that by increas
the integration of items in the initial list th
inhibitory effects of retrieval practice could
reliably reduced. Thus, simply having part
pants interrelate items at study, i.e., note tha
the list animal–dog, animal–cat, the exemp
(dog and cat) are both household pets, sig
cantly reduces the inhibitory effects cause
prerecall retrieval practice. Anderson and M
Culloch (1999) were able to demonstrate
this effect arose solely because of this “late
integration of items during initial learning.
related set of findings has been reported
Radvansky (1999) in a series of studies
used the fan effect (Anderson, 1974). The
effect refers to increasingly slower recognit
times to items that have increasing number
associates. For instance, the time taken to v
the statement “The hippie is in the park”
creases with the number of other facts kno
about the “hippie” and/or the “park.” If, how
ever, the items are integrated, e.g., the g
door is in the hotel, the welcome mat is in
hotel, the counter is in the hotel, then the
effect, the slowing of recognition speed w
increasing number of related facts, is not
served. In contrast, if the items are unintegra
e.g., the welcome mat is in the hotel, the w
come mat is in the office, the welcome mat is
the porch, then reliable fan effects are obser
Radvansky (1999) argues that these re
show the inhibition of unintegrated but comp
ing items, competing presumably because
were learned at the same time, and a lac
inhibition for integrated items which do n
compete with each other. Finally, Goldin
Long, and MacLeod (1994), in an item-by-ite
DF experiment, found that when an F it
could be integrated with an upcoming R ite
e.g., High (F), Way (R), then DF on a la
recall test was reliably reduced. Taken toge
these findings lend strong support to the v
that materials which can be integrated at en
ing have some immunity to inhibition caused
subsequent instructions or memory access.
It seems likely then that the distribution of
t
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attentional resources at encoding could be
important determinant of the extent of inhi
tion in the DF lists procedure. Similarly, t
degree of integration of F materials may hav
significant impact on the degree of competit
between items and, therefore, upon the exte
inhibition. Indeed, inhibition and integratio
may be complimentary in that when integrat
at encoding is extensive, then inhibition is eit
limited or not present at all. Whereas wh
integration is limited or not possible, then in
bition may be strong and widespread—we
turn to these points later. In the experime
which follow we explore how attenuating atte
tional resources in second-list learning can,
adoxically, disrupt and even abolish inhibiti
of the F list. In particular, we replicate t
Macrae et al. study using a more standard
procedure and we then systematically exp
disruption of inhibition. We also consider t
wider implications of these findings in, for e
ample, the formation of everyday autobiogra
ical memories and and in the formation
highly vivid memories of traumatic expe
ences. Later experiments investigate how i
gration, too, can overcome inhibition of the
list and we extend the Golding et al. item-b
item study to disrupted inhibition of interrelat
lists. The findings from these final studies
also extended to a discussion of the formatio
autobiographical memories in which integrat
is a critical, but rarely considered, encoding
consolidation process.

GENERAL METHOD

The experiments used a standard proce
as described in this section. Where an exp
ment departs from this procedure exact cha
are specified with the description of the exp
iment.

Design

A mixed design was used with one betwe
subjects factor and one within. The betwe
subjects factor, group, had two levels: the
group, who were given a between-lists F c
and the R group, who received a between-lis
cue. The within-subjects factor was the repe

measure, lists, with two levels: list 1 (studied
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413DIRECTED FORGETTING
first) and list 2 (studied second). Order of p
sentation of lists was counterbalanced ac
participants and words were randomly alloca
to lists and to experiments. Each study phase
contained 10 items. The list items were r
domly drawn from a pool of 40 words of mo
erate to high frequency, naming common
jects and locations.

Participants

There were 24 participants in each exp
ment and they were randomly assigned to F
R groups, each of which had 12 members.
participants were all student volunteers
were paid £2. Their age ranged from 16 to
with a mean of 18.4 years (only 3 participa
were over 40 years of age). No attempt w
made to select for gender and the number
men and women assigned to groups and ex
iments was unsystematic, although by cha
there were approximately two more wom
than men in each experiment.

Procedure

Participants were informed that they w
taking part in a memory experiment and wo
study two short lists of words which they sho
commit to memory. They were tested in sm
groups (either F or R but not mixed) and e
person was seated at a separate computer
sole. The computers were sufficiently apart
angled so that participants could view only th
own screen on which the TBR words w
displayed for 2 s with a 2-s interitem interva
Participants initiated display of the first l
when instructed by the experimenter to press
space bar on the computer keyboard. The it
were then displayed automatically and after
10th word the message “End of List 1” w
displayed and the display ceased. At this p
participants in the F group were informed t
the list they had just heard “was in fact a pr
tice list to familiarise you with the presentati
rate and type of words. You should now
these words out of mind, try to forget them a
not let them interfere with learning the expe
mental list which will be presented now.” T
experimenter then instructed participants

press the space bar to initiate presentation of th
-
s

d
st
-

-
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e
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e
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second list. The same procedure was follo
for the R group, who, rather than receiving a
cue were informed: “That is the end of t
words on list one. You must try to keep those
mind as you learn the second list which will
presented now” and participants then pres
the space bar to initiate list 2 presentation.
soon as presentation of the second list was c
plete participants were handed several shee
arithmetic problems and ask to solve as man
possible in the next 5 min. Following this p
ticipants were given a single sheet of paper
asked to recall any words they could from b
lists and to start at the top of the page and w
each word recalled under the previous word

After completing free recall, which took o
average 8 min, participants took a recogni
test. The recognition test consisted of the
items from lists 1 and 2 and the remaining
unused words from the stimuli pool. Old a
new items were intermixed in an unsystem
order and order of presentation was varied
systematically across participants. Each w
was listed along with (i) the words “OLD”
“NEW” (please circle), (ii) a memory-awar
ness scale (taken from Conway, Gardiner,
fect, Anderson, & Cohen, 1997), and (iii)
separate 5-point confidence rating scale. Fo
memory-awareness judgments particip
were given the following instructions:

Indicate what sort of memory awareness you ha
when making an Old judgment. For instance you
might have judged a word as old because you remem
bered it’s occurrence in one of the earlier lists. Per
haps, you recalled what you thought when you rea
the word earlier, perhaps you remember it preceded
was followed by some other word, you may even
have an image of the word on the screen. All thes
forms of awareness are part of the Remember sta
Conversely, you may experience none of these a
tributes of remembering but nonetheless have a pow
erful feeling of knowing that a word was seen in one
of the earlier lists. This is the Just Know state and i
you do not have an experience of remembering whe
you make your Old/New judgment then you may find
you Just Know that a word was seen before. Finally
you may judge a word to be Old not because yo
Remember or Just Know it but, rather, because it fee
familiar. When you make an Old judgment of a word
you must then indicate whether the basis for you
judgment was that you remembered, (just) knew, o
efelt the word to be familiar.
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The experimenter checked verbally with
participants that they understood these resp
categories. On the confidence rating scale
ticipants rated how confident they were t
their Old/New judgments were correct and 15
Guess,2 5 Slight Confidence,3 5 Moderate
Confidence,4 5 Strong Confidence,and 55
Certain.

EXPERIMENT 1

In the first experiment we simply carried o
a “standard” DF experiment following the ge
eral method specified above. The purpose
to provide a baseline against which to comp
later experiments. The DF effect is charac
ized by the following pattern of differences:
the F group list 1 recall is reliably poorer th
recall of list 2, F group recall of list 1 is reliab
poorer than R group recall of list 1, and F gro
recall of list 2 is higher than R group recall
the same list [presumably due to reduced
active inference (PI) from the inhibited list 1
the F group]. In the present experiments var
additional manipulations occur during list
learning which sharply reduce overall recal
these items. Because of this we do not expe
find consistent across-experiment difference
which F-group list 1 recall is always signi
cantly poorer than list 2 performance. The
duction in PI due to F-group list 1 inhibition
not always observed (MacLeod, 1998) and
conditions under which it does and does
occur are not known (Bjork et al., 1998). A
cordingly we do not expect to observe this
ference in all experiments. However, we
expect to observe a reliable and consistent
ference between F-group list 1 performance
R-group list 1 performance in which the lat
regularly and significantly gives rise to high
recall rates than the former: it is this differen
that we take as the defining feature of the
effect. We predict that none of these inhibit
effects will be present in recognition whi
usually overcomes the inhibition of list 1 item
(MacLeod, 1998). Finally, an intriguing pos
bility is that although the F group and R gro
both perform at the same high level on
recognition test the F groups correct recogni

of list 1 items will be associated with feelings of
se
r-
t

s
e
-

-

s

to
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-

e
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d

familiarity, whereas the R group’s recogniti
of the same items will be associated with r
ollective experience (Gardiner, Gawlik, & R
chardson-Klavehn, 1994). For expository p
poses we report the free-recall data for e
experiment first, followed by analyses of out
order, and in General Discussion we report
recognition data for all experiments.

Results

As we planned to compare the differen
between means as described above the ana
are organized around a series oft tests betwee
pairs of means. However, for completeness
also report an ANOVA and the importa
groups3 lists interaction but note that thet
tests are conducted whether or not this inte
tion is significant following recommended pra
tice for planned comparisons (Keppel, 19
1991). Thus, the data were analyzed in a mix
model ANOVA with groups as a betwee
subjects factor with two levels, R group and
group, and lists as a repeated measure also
two levels, list 1 and list 2; critical differenc
between means were evaluated witht tests. Ta

TABLE 1

Free Recall of Lists 1 and 2: Mean Probabilities
for Experiment 1

List 1 List 2

xperiment 1: “Standard” DF procedure
R group 0.67 0.49
F group 0.32 0.51

xperiment 1a (5-item lists,N 5 11)
R group 0.69 0.68
F group 0.44 0.71

xperiment 1b (5-item lists,N 5 14)
R group 0.64 0.49
F group 0.36 0.74

xperiment 1c (20-item lists,N 5 24)
R group 0.67 0.50
F group 0.35 0.85

Experiment 1d (10-item lists,N 5 20)
R group 0.52 0.48
F group 0.30 0.54

Experiment 1e (10-item lists,N 5 36)
R group 0.48 0.35
F group 0.37 0.48
ble 1 shows the mean probabilities recall for
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415DIRECTED FORGETTING
groups and lists. The groups3 lists interaction
as significant,F(1, 22)5 10.6,MSe 5 .403,

p , .01,and, for the critical contrast of F gro
list 1 versus R group list 1 a significant differ
ence was observed,t 5 4.9, p , .01, indicat-
ing a robust DF effect. Also present was
difference between F-group list 1 performa
and F-group list 2 performance in which that
F group list 1 was significantly poorer than t
observed for list 2,t 5 2.6, p , .03. Group
differences in list 2 recall were not reliable,t ,
1, although the means are in the predicted
rection. Note that as this latter effect rar
reaches significance in any of the experim
described below it is not reported further. Th
findings then show a “standard” DF effect w
F group list 1 recall reliably lower than R gro
list 1. In general there were a slightly low
levels of recall overall compared to other DF
lists studies (MacLeod, 1998) and, possibly,
may be related to the inclusion of the 5-m
filled interval rather than more usual immedi
recall. The filled interval, however, was used
minimize ceiling performance on list 2 whi
we had found in pilot studies preceding
present experiments.

In the DF procedure, and across the exp
ments reported here, comparisons are mad
tween different groups of participants b
within and between experiments. Of special
terest is the comparison of F-group list 1 m
recall across experiments and, particularly
the baseline mean in the present experimen
is important then that this baseline F-group
1 mean is in fact representative of performa
in other DF experiments that are similar
which approximate in design to the present
periment. Table 1 shows the performance f
five DF experiments conducted in our labo
tory as part of other projects. Experiments
and 1b show data from healthy middle-age
ticipants acting as controls to brain-dama
patients. In these two experiments list len
was short and the midlist cue was within s
jects with the F condition presented at the s
of a session followed a series of neuropsyc
logical tests, concluding with the R conditio
In both experiments the condition3 list inter-

action was significant,F(1, 10) 5 10.6,
i-

s
e

s

i-
e-

-

It
t
e

-

-

-
d

-
t
-

MSe 5 .21, p , .01 andF(1, 13) 5 17.9,
MSe 5 1.01,p , .01, respectively, as were th
critical comparisons of F list 1 with R list 1,t 5
4.1, p , .01 andt 5 3.3, p , .01, indicating
strong DF effects in both experiments, des
their departures from the standard design
Experiment 1c different groups studied 20-it
lists consisting of line drawings of comm
objects each presented for 2 s followed by im
mediate recall. A reliable interaction
groups3 list was found,F(1, 22) 5 233.6
MSe 5 1.3, p , .01 and the F list 1/R list
ontrast was also significant,t 5 9.5, p , .01.

Experiments 1d and 1e approximate m
closely to the “standard” design use here,
only variation being that participants in Exp
iment 1e were 14- to 15-year-old school c
dren, whereas in 1d they were 19- to 21-ye
old university students (as in Experiment 1c)
both Experiment 1d and 1e the group3 list
interaction was significant,F(1, 18) 5 8.3,
MSe 5 .19, p , .01 andF(1, 34) 5 10.1,
MSe 5 .27, p , .01, respectively, as were th
critical comparisons of F list 1 with R list
2.7 5 4.1, p , .02 andt 5 2.2, p , .05.

These findings demonstrate the robustne
the DF manipulation and also show how F lis
mean recall values vary over experiments. If
data from each of the F list 1 conditions
entered in a one-way between-subje
ANOVA in which Experiments 1b through 1
are treated as groups, then there is no m
effect of Experiment,F 5 1.1. The overall
mean probability of recall for F group list 1
.36 with aSD of .16. The mean probability
F-group list 1 recall from Experiment 1 (.3
then falls well within half aSD of this overal
mean from which it does not differ significant
t , 1. Moreover, if the F-group list 1 compa
ison is made between Experiment 1 and Ex
iments 1d and 1e (which are highly similar
design to Experiment 1) then there are no
able differences and the overall mean of Ex
iments 1d and 1e is .33, which compares fa
ably with the .32 mean from Experiment 1. W
conclude that the value of F-group list 1 rec
observed in Experiment 1 is a representa
figure of DF in the “standard” procedure used

the present and later experiments and, conse-
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416 CONWAY ET AL.
quently, constitutes an acceptable base
against which to compare F-group list 1 per
mance in the experiments reported next.

EXPERIMENT 2

The second experiment followed the pro
dure used by Macrae et al. (1997), but w
different stimuli. In this procedure participan
in both groups kept a running total of the vow
in list 2 items and reported this prior to fr
recall of the lists. The only difference from t
general method is that following the midlist c
participants were told that while learning s
ond-list items they should count the vowels
each item and keep a running total that they
to report, in writing, on paper provided, as so
as the experimenter signaled that the list
sentation was complete. After this the part
pants were given the arithmetic test and p
ceeded as in the general method.

Results

The analyses were the same as those in
periment 1 and Table 2 shows the mean p

TABLE 2

Free Recall of Lists 1 and 2: Mean Probabilities Fo
Experiments 2 through 6

List 1 List 2

xperiment 2: DF with vowel counting
R group 0.73 0.32
F group 0.48 0.28

xperiment 3: DF with word length
judgement

R group 0.65 0.51
F group 0.50 0.41

xperiment 4: DF with concurrent
memory load

R group 0.62 0.48
F group 0.64 0.33

xperiment 5: DF with a semantic
associate

R group 0.67 0.49
F group 0.33 0.56

xperiment 6: DF with several
semantic associates

R group 0.67 0.6
F group 0.74 0.78
ability of recall. Note that all participants re-E
e

-

d

-

-

x-
-

ported the correct total of vowels. The group3
lists interaction was significant,F(1, 22) 5
4.9, MSe 5 .130, p , .04, and thecritical
ontrast of F group list 1 with R group list 1 w
lso reliable,t 5 4.4,p , .01.Unsurprisingly
erformance of the F group on list 1 was s
ificantly higher than on list 2,t 5 3.7, p ,
01, andattenuated performance on list 2
oth groups had been expected given that
ffect of the secondary task would have bee
ivide attention and so lower the degree
uality of learning of these items relative to
. Thus, the difference between the groups

ist 1 shows the expected DF effect despite
econdary task on list 2. However, the F grou
erformance on list 1 is raised relative to th
roup’s performance on list 1 in Experimen
omparisons between means found that the
eriment 1 F-group list 1 recall rate was sig

cantly poorer than that observed in the co
ponding condition in the present experim
5 2.0, p , .05. Note also that the two
roups in each experiment did not differ relia

n list 1 recall and that the level of recall of t
BF list in the present experiment at 48%
ighly consistent with the level observed
acrae et al. (1997) of 49%. In our view th

nding demonstrates adisruptionof inhibition
hat is brought about because the impoveris
ncoding of list 2 does not lead to a mem
epresentation that triggers a powerful inh
ory response.

EXPERIMENT 3

In Experiment 2 we suggested that the ef
f a secondary task on list 2 in the F group w

o lead to a weaker inhibition of the TBF list
nd we elaborate this explanation in some d

ater. Here we want to consider how vow
ounting has this attenuating effect upon in
ition and there are several components in

ask that could, potentially, have weakened
ibition in the way observed. For instance, s
ly making some type of relatively undema

ng judgment of the items in list 2 might
ufficient to weaken inhibition. On the oth
and, holding in mind a concurrent mem

oad (the vowel total), which admittedly in t

xperiment 2 only amounted to two digits,
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417DIRECTED FORGETTING
might be the critical factor. Yet another pos
bility is that only when two or more processi
activities are combined together while learn
list 2 is inhibition of a TBF list 1 disrupted. Th
present experiment investigates the first of th
suggestions by having participants judge w
length of list 2 items, a shallow processing t
similar in this respect to vowel counting b
entailing no concurrent memory load. Wo
were selected from the word pool to create
lists, each of which contained five words of
letters or less (short) and five words of se
letters or more (long). Within each list the sh
and long words were intermixed unsystem
cally with the constraint that runs of no mo
than two of one type of word were permitte
After the midlists cue participants were told t
when a word went off-screen they should pr
one of the keys marked “S” for short or “L” fo
long. The “S” key was to be pressed if the w
was six letters or less in length and the “L” w
key was to be used if the word was seven le
or longer.

Results

Only a few errors were made in the wo
length judgment task, amounting to less t
5% of total responses, and this indicates
participants in general performed this task
high level. Table 2 shows the mean probabili
of recall in each of the four conditions and it c
be seen that performance on list 2 was highe
this experiment than in Experiment 2, confir
ing that the word-length judgment task takes
less processing capacity than vowel count
No reliable interaction was observed in
ANOVA of the free-recall data and the on
term to reach significance was that of the m
effect of lists,F(1, 22) 5 4.7, MSe 5 .163,
p , .05, in which recall was higher in list
than 2. In the critical contrast, recall by the
group of list 1 was lower than that of the
group, but this difference was only margina
significant,t 5 2.13, p , .057. This appear
to be due to a fall in the R group’s recall of l
1 rather than a rise in recall by the F group
the inhibited list. Recall of list 1 by the F gro
in the present experiment and by the F grou

Experiment 2 did not differ significantly,t , 1,
e

-

s

s

n
t

s

n

.

f

n

but was reliably higher than recall of the F
in Experiment 1,t 5 2.22, p , .03. Taken
together this pattern of findings shows a disr
tion of inhibition of the F list very similar to tha
observed in Experiment 2 and this suggests
simply performing a second task while learn
list 2 is sufficient to significantly weaken inh
bition of the F list.

EXPERIMENT 4

The findings of Experiment 3 suggest tha
concurrent memory load during second-
learning probably contributes little to disrupti
inhibition. However, the concurrent memo
load in Experiment 2 and in Macrae et
(1997) was very light, amounting to no mo
than two digits. In the present experiment it w
decided to use a digit list the length of wh
would fall at about span for our subject po
lation (undergraduates) and we accordingly
used a six-digit list. After receiving the F-c
participants were, then, given a list of six r
domly selected digits to keep in mind wh
learning list 2 and to report back as soon as
experimenter indicated that the list presenta
was complete. The digit list was printed on
card placed facedown to the side of the c
puter and was turned faceup and studied for
immediately prior to presentation of list 2.
the end of the 20-s period the card was pla
facedown so that the digit list was no lon
visible. At the end of list 2 presentation part
ipants wrote down the digit list on the card a
then turned immediately to the filler task.

Results

There were errors on the secondary task
several participants in both groups failed
recall the exact digit list. Nevertheless, e
those participants who made errors reported
digits which were judged to correspond at le
in part to the original list. Table 2 shows t
mean probabilities of recall in each of the fo
conditions and it can be seen from this that
1 items were recalled to a high level, wher
list 2 items were poorly recalled and this eff
was reliable,F(1, 22) 5 22.7, MSe 5 .585,
p , .01. This effect holds good for both the

and F groups and arises because the effects of
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418 CONWAY ET AL.
DF have been completely abolished. Inde
recall of list 1 by the F group in the prese
experiment was significantly higher than re
of this list in any of the previous experimen
No other effects were significant, although
groups3 lists interaction approached sign
cance, F(1, 22) 5 3.6, MSe 5 .09, p 5
0725, andthis occurred because recall of lis
n the F group was significantly lower th
ecall in all other conditions. This finding sho
hat holding a concurrent memory load in m
hile trying to forget a previously acquired l
ay be especially difficult as acquisition of

econd list was more severely hurt in the F t
group while at the same time inhibition of l
was abolished. It seems as though the proc

ng resources required for learning and inh
ion were all channeled into retaining the c
urrent memory load. Indeed, all participa
eported consciously rehearsing the digit
hile studying list 2 and this in itself may ha
een sufficient to lower learning and abo

nhibition and we return to this point later.
Related to this was the outcome from

dentical experiment which differed from t
resent experiment in that a nine-digit sup
an list was used rather than a six-digit at-s

ist (see Harries, 1999, for a full account of t
xperiment). Mean probabilities of recall in t
ine-digit experiment for the R group were
5 .67 and list 25 .44 and for the F group, li

1 5 .53 and list 25 .72. The group3 lists
interaction was significant,F(1, 22) 5 23.9,
MSe 5 .51,p , .01, and Fgroup list 1 differed
reliably from F group list 2,t 5 2.53,p , .03,
but no other reliable contrasts for F group lis
were observed. Also as recall of the F list in
nine-digit concurrent memory load experim
was poorer than recall of the corresponding
in the six-digit experiment, it seems that th
may have been some inhibition of the TBF
in the nine-digit experiment, whereas there
no evidence of any inhibition whatsoever in
six-digit experiment (see Table 2). These fi
ings, then, are highly inconsistent with those
the six-digit experiment but can be accomm
dated when it is appreciated that none of
participants in the F group were able to rep

back their nine-digit lists with anything but ex-
,

l

n

s-

t

-
n

t
t

s

-
f
-
e
t

tremely low accuracy and, moreover, severa
the participants in this group were unable
recall the list at all. Participants did not rep
conscious rehearsal of the digit list. The
group fared better, with all participants repo
ing nine digits, and seven of this group w
judged to have moderately accurate recall;
eral of this latter group reported conscious di
list rehearsal during list 2 acquisition. It see
then that a supraspan concurrent memory
cannot be held in mind while learning a sec
list and simultaneously attempting to inhibi
recently acquired list. Our F-group participa
dealt with this overload by abandoning the ni
digit concurrent memory load task and, a
consequence, list 2 was acquired to a high l
and some weak inhibition of list 1 then a
peared.

EXPERIMENT 5

Experiment 4 demonstrated that inhibit
can be abolished altogether with the approp
list 2 secondary task. In the present experim
we investigate how inhibition may be overco
not without the use of a secondary task
rather by promoting integration of the lis
Golding, Long, and MacLeod (1994) found
an item-by-item DF experiment where so
F-cued items were highly related to R-cu
items that inhibition of F items associated w
R items was disrupted and there was con
tently higher recall of these associated ite
relative to the recall of F items unrelated to
items. Although, overall, recall of associate
items was still poorer than R item themselv
Thus, following Golding et al. (1994), it shou
be possible to considerably raise recall of th
list, while at the same time maintain a high le
of recall of list 2 by using words on one list th
are associated with words on the other list.
final two experiments explore this possibility.
the present experiment, which is identical
Experiment 1, a single word in the TBF list w
highly associated with a single word in the T
list. A set of pairs of associates were selec
from word-association norms (Moss & Old
1996) and for each pair only the two m

closely associated pairs were used.
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419DIRECTED FORGETTING
Results

Table 2 shows the mean probabilities of
call in each of the conditions and it can be s
that the pattern is that of a “standard” DF eff
and virtually identical to that found in Expe
ment 1. There was a reliable groups3 lists
interaction,F(1, 22) 5 24.9,MSe 5 .48,p ,
.01, andF-group list 1 performance was re
ably poorer than R group list 1,t 5 6.3, p ,
01, and Fgroup list 2,t 5 4.2,p , .01.Thus,
hen a single item on the TBF list is related
single item on TBR list inhibition is una

ected.

EXPERIMENT 6

The results of Experiment 5 did not supp
ur view that by increasing the similarity of t

ists, albeit in a small way, inhibition would b
eakened or even abolished. Given the res
f Golding et al. (1994), this was surprising a
e concluded that some small amount of s

arity between the lists was not sufficient
ffect inhibition. Consequently, it was decid

o increase the number of associated p
cross lists to five word pairs (or half the lis

esults

Table 2 shows the mean recall probabili
nd it is evident that recall in all conditions
igh. Interestingly, the only manipulation
each significance was a main effect of grou
(1, 22) 5 9.1, MSe 5 .2, p , .01, and th

F group benefited more from the presence
pairs of associated words than did the R gro
A question of some interest that arises w
these data is whether for the TBF list th
items not related to list 2 TBR items a
showed an improvement in recall relative to
group recall of the corresponding items from
1; that is, whether the abolition of inhibitio
extended to unrelated items on the TBF list
the F group. Accordingly, a further ANOV
was conducted including all the factors a
lyzed previously but with the additional fac
of related versus unrelated lists. A main eff
of groups was found,F(1, 22)5 10.8,MSe 5
.14,p , .01, and themean for the R group wa

62% compared to 78% for F group. A main
-
n
t

ts

-

s

,

f
.

r

-

t

effect of related versus unrelated item sets
also found,F(1, 22) 5 61.1,MSe 5 .55,p ,
.01, andmean recall of related items was 8
compared to 55% for unrelated items. No ot
effects were significant. Thus, F group reca
more overall than R group for both lists a
unsurprisingly, related pairs were recalled t
reliably higher level than unrelated pairs.
fact, recall of the F list was as high in th
experiment as in Experiment 4 and relia
higher than in all other experiments, showin
complete abolition of inhibition.

RECOGNITION PERFORMANCE

The pattern of correct recognition perf
mance and false alarms was the same in a
experiments and the mean probabilities

TABLE 3

Recognition Collapsed over Lists 1 and 2: Mean Pr
ilities of Hits and False Alarms (FAs) for Experiment

hrough 6a

R K F Total

xperiment 1: “Standard” DF
procedure

Hits 0.57 0.21 0.11 0.8
FAs 0.04 0.02 0.14 0.2

xperiment 2: DF with
vowel counting

Hits 0.55 0.08 0.16 0.7
FAs 0.03 0.02 0.16 0.2

xperiment 3: DF with word
length judgement

Hits 0.64 0.11 0.13 0.8
FAs 0.02 0.04 0.13 0.1

xperiment 4: DF with
concurrent memory load

Hits 0.66 0.13 0.13 0.9
FAs 0.01 0.02 0.21 0.2

xperiment 5: DF with a
semantic associate

Hits 0.67 0.06 0.15 0.8
FAs 0.02 0.02 0.12 0.1

xperiment 6: DF with
several semantic associates

Hits 0.74 0.07 0.10 0.9
FAs 0.03 0.01 0.03 0.0

a R, Recollective Experience; K, Just Know; F, Fe
Familiar.
shown in Table 3. It can be seen from Table 3
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420 CONWAY ET AL.
that recollective experience is the dominant
sponse category for hits in all experiments.
data for the hits were entered into a mix
model ANOVA identical to that used for the t
free-recall data, with the addition of memo
awareness as a within-subjects factor with th
levels, remember, know, and familiar, and
was done for each experiment. In each exp
ment there was a significant main effect of
variable memory awareness,F(2, 44) 5 16.6,
MSe 5 2.8,p , .01, F(2, 44)5 34.5,MSe 5
3.03,p , .01, F(2, 44) 5 100.1,MSe 5 4.3,
p , .01, F(2, 44) 5 37.4, MSe 5 4.5, p ,
.01, F(2, 44) 5 79.1, MSe 5 5.3, p , .01,
andF(2, 44) 5 104.8,MSe 5 6.9, p , .01,
or Experiments 1 through 6 respectively.
everal of the experiments there were hig
rder interactions but none of these showed
ffects of inhibition on memory awareness (
arries, 1999, for a full account). Thus,
rediction that correctly recognized TBF ite
ight be differentially associated with familia

ty responses was not supported. It is, howe
mportant to note that the present study used
ists method of DF, whereas the Gardiner e
1994) study, from which our prediction w
rawn, used the item method. This alone ma
ufficient to account for discrepancies betw
he two studies. In the items DF procedure
BF items are not considered to be inhibit
ut instead they receive less elaborative
earsal and it is this which makes them
emorable (MacLeod, 1998) and, as a co
uence, more likely to be associated with fe

ngs of familiarity when they are recogniz
Gardiner et al., 1994). In the list method of
he view is that the TBF list, originally acquir
ormally, is subject to inhibition following th
cue. The present findings demonstrate

ecognition so completely overcomes this in
ition that the TBF items can be recollectiv
xperienced during recognition, which len
trong support to the claim that the F list
ndeed, encoded normally and in a form app
riate to memorizing, i.e., in an elaborative w

ikely to facilitate recollective experience.1

1 Table 3 also includes the mean false-alarm rates w

n each experiment, also had reliable effects on the memor
-
e
-

e

i-

r
y

e

r,
e

l.

e
n
e
,
-
s
-
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t
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ANALYSES OF OUTPUT ORDER

We have interpreted our findings in terms
inhibition caused by competition between lis
and 2. By this view the midlist F instructio
defines list 1 as a potential competitor to lis
and inhibition of the representation of list 1
then triggered by presentation and during
learning of list 2. If, however, the second-
items are not encoded in such a way as to
strong competitors for list 1 items then o
weak inhibition is triggered. Thus, when t
encoding of list 2 is shallow or impoverish
compared to the elaborative encoding of lis
(Experiments 2 through 4) extensive inhibit
is not triggered and performance on F lis
rises—inhibition is disrupted. In contrast, an
midlist cue is an implicit instruction to integra
the two lists and, in this case, any autom
inhibition caused through list 2 learning is ov
come by the integration of lists 1 and 2. Th
is, however, an alternative account of th
findings which argues that the effects arise
from inhibitory processes operating during
close to encoding but, rather, from retrie
dynamics.2 Several different versions of th
account have been proposed (cf. Anderso
Spellman, 1994; and see Crowder, 1976;
Murdock, 1974; for reviews of earlier studie

,

awareness variable. These are discussed in Harries (
and are shown here for completeness. We note that hi
false-alarm rates occurs in the familiarity category and
is often the case in recognition memory experiments
take these awareness measures.

2 Brainerd, Reyna, Harnishfeger, and Howe (1993) h
shown in multitrial free-recall experiments that more d
cult to retrieve items are recalled at earlier output positi
Whether this also applies to the single-trial recall used in
present experiments is not known; however, our sugge
is that it does not. The harder to retrieve items will alw
be from the F lists and if it is the case that in single-
recall hard items are retrieved earlier then there should
large number of participants, in the F groups, acros
experiments, who systematically recall F items first. As
triage pattern (cf. Brainerd et al., 1993) was observe
seems reasonable to conclude that the findings from
peated recall studies do not extend to single-trial re
studies or at least the ones reported here. However
possibility that might be noted is that earlier recall of ha
items in multitrial free recall experiments might reflect
operation of retrieval inhibition of easier to recall items

ylater recall trials (cf. Roediger, 1974).
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421DIRECTED FORGETTING
although the basic idea is simply that priori
ing recall from one list impairs recall (by wha
ever means) of the other list. So if, for examp
the F group predominantly started their re
with list 2, this might cause an impairment
list 1 items which become progressively m
inaccessible as more list 2 items are reca
(e.g., Roediger, 1973, 1974). Thus the inh
tory effects in the DF procedure could ar
because of order of output at recall and
because of earlier inhibition of list 1. There
various arguments and findings, which sug
that this alternative is incorrect; but before tu
ing to those we report a final study that aime
rule out the output account.

EXPERIMENT 7

The output hypothesis as stated above ca
tested by requiring recall of list 1 first. If, und
these circumstances the DF effects in the s
dard procedure and in the list 2 with second
tasks procedure are still observed, then it co
not be maintained that the effects arise fr
output interference. For instance, if list 1 in
F group shows an impaired level of perf
mance similar to that observed in Experime
and the other standard DF experiments repo
earlier, then the impaired performance could
be attributed to the interfering effects of rec
ing list 2 first. Similarly, if the level of F grou
list 1 recall following vowel counting on list
but with recall of list 1 first is comparable to th
observed in Experiment 2, then, again, the
tern of disrupted inhibition could not be attr
uted to output effects. In fact there are go
reasons to suppose that this latter pattern w
fact be the outcome as list 1 was spontaneo
recalled first by most participants in Experim
2 (see analyses of output order below). Acco
ingly, then, we repeated Experiments 1 an
with the following change: at test participa
were instructed to recall items from list 1 fi
and only when they could recall no more w
they then to recall items from list 2.

Results

Table 4 shows the mean probabilities of
call in each of the four conditions in a stand

DF procedure (top panel) and with vowel count-
,
l

d
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t

t

e

-
y
d

d
t

t-

n
ly
t
-
2

-

ing on list 2 (middle panel). Note that the
were 15 participants per group. Turning firs
the standard procedure, the groups3 lists in-
teraction was significant,F(1, 28) 5 32.4,
MSe 5 7.4, p , .01, and for thecritical con-
trast of F group list 1 versus R group list 1
significant difference was observed,t 5 7.4,
p , .01, indicating a DF effect. The similari

f these findings to those of Experiment 1 (
able 1) suggests that output interference
onceived of here, is not a factor which stron
nfluences the pattern of recall.3 The major dif-
ference between the two sets of data is an o
all increase in the level of recall in all fo

3 In a third replication of Experiment 1 with recall of l
first we found, however, a level of .48 for F list 1 rec
his comparatively high level of recall was significan
ifferent from Experiment 1 F list 1 recall,t 5 2.08, p ,
05, but did notdiffer reliably from the level of recall in th
ondition in the present experiment,t 5 1.3. A closer

examination of the data from this third replication identi
three outliers in the F group, with near-ceiling scores o
on list 1 and .9 on list 2; by comparison the next high
overall score by any participant in this group was .6. If
scores of these outliers are removed and the data reana
then all the effects remain significant, the only change b
that F list 1 mean performance falls to .4, which is
significantly different from the corresponding performa
in Experiment 1 and is identical to the level reported
Table 4. It seems to us that these data are interesting be
they (tentatively) suggest that there may be strong ind
ual differences in overcoming inhibition—an issue wh

TABLE 4

Free Recall of Lists 1 and 2: Mean Probabilities for
Experiment 7 and a Subset of Experiments 1 and

List 1 List 2

xperiment 7: Standard DF procedure
with recall of list 1 first

R group 0.81 0.58
F group 0.40 0.62
F with recall of list 1 first and vowel

counting on list 2
R group 0.72 0.35
F group 0.49 0.32
F for participants recalling list 1 first in

Experiments 1 and 5
R group (n 5 13) 0.67 0.47
F group (n 5 7) 0.40 0.49
has not yet been examined with the DF procedure.
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422 CONWAY ET AL.
conditions in the present experiment compa
to Experiment 1 and this may arise because
increased difficulty of the recall task induc
more effort. Note that the F-group list 1 perf
mance is higher here (Table 4) but does
differ reliably from the same level of perfo
mance in Experiment 1,t 5 1.1. Thereplica-
tion of Experiment 2 (middle panel of Table
also produced a reliable groups3 lists interac
tion, F(1, 28) 5 7.4, MSe 5 1.6, p , .02,
with a significant difference between groups
list 1, t 5 4.4, p , .01. It can beseen from
Table 4 that recall of list 2 was hurt for bo
groups and this simply shows that vowel cou
ing impairs retention of the list. Directing rec
to list 1 first had no noticeable effect in eith
group and the means shown in Table 4
virtually identical to those previously observ
in Experiment 2 (see Table 2). Taken toge
the findings of these two replications wo
seem to rule an output account of the findin

A further way in which to test the outp
hypothesis is to examine DF effects in th
participants who spontaneously recalled lis
items first. If reliable DF effects are pres
here, then this too would also strongly arg
against the output hypothesis. Moreover, d
from participants who spontaneously recall
1 items first have the advantage of being a p
index of the effects of output order in th
attention has not been explicitly directed to
list. The data for Experiments 1 and 5 w
reexamined4 and those cases where the fi
item to be output was from list 1 were selec
for further analysis. Note that recall of the fi
item from list 1 was used as a criteria beca
by recalling a list 1 item first the probability
recalling other list 1 items is increased (ass
ing no inhibition). Thus, if output interference
the operative factor in the DF effect then wh
list 1 items are recalled first this should interf
with recall of list 2 items and, consequently,
DF effect will be observed. Six participan
from Experiment 1, three in the F group a
three in the R group, recalled an item from
1 first and in Experiment 5 14 cases were id

4 Data from these two experiments were used bec

hey produced a standard DF effect.
d
e

t

-

e

r

.

a
t
e

t

e
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tified, 4 in the F group and 10 in the R gro
These data were pooled to form a group o
cases of F group recalling list 1 first and
cases of R group and the mean probabilities
shown in Table 4. It can be seen from Tabl
that F group list 1 recall is poorest overall a
the groups3 lists interaction is significant,F(1,
18) 5 6.7, MSe 5 .19, p , .02, as is th
ritical contrast of F group list 1 with R grou
ist 1, t 5 2.94, p , .01, indicating a robus
F effect. The difference between the F gro

ist 1 mean of .40 observed here and the co
ponding condition in Experiment 1 (with t
ix participants removed) was not significa
oreover this value is identical to that obtain
arlier (top panel of Table 4). It seems, th

hat output interference contributes little to
ffects reported above and no matter which

s recalled first powerful DF effects are o
erved. When attention is explicitly directed
n inhibited list then inhibition for one or tw

tems may be overcome but despite this, per
ance on the inhibited list remains significan
epressed compared to the control conditio
Experiment 7 and the additional analyses

xperiments 1 and 5 effectively rule out
ccount of our findings in terms of output

erference; nevertheless it will be useful to h
n overall index of output order that allo
omparisons between conditions and exp
ents. In order to achieve this the ranked ou
rder of items from each list for each particip
as tabulated. A scaled rank for each list w
omputed for each participant in the followi
ay: the mean rank for all list 1 items (MR1) of

an individual participant was calculated. Sca
rank was then computed by subtracting (N1 1
1)/ 2 from MR1 (whereN1 5 number of list 1
tems recalled) and the product divided byN2
number of list 2 items recalled). In calculati
he scaled ranks for list 2 MR2 replaced MR1

and N2 replacedN1. The advantage of th
transformation is that it takes into account b
the number of items recalled from a list a
their various ranks and expresses the sc
score as a number between 0 and 1. A sc
score of .5 indicates that the items were in
spersed equally in recall, i.e., output alternae

from list 1 to list 2, a score in the direction of 0
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means that those items tended to be rec
first, and a score in the direction of 1 that th
items tended to be recalled last. For each o
experiments, one through six, the scaled ra
(SRs) were entered into an ANOVA identica
that used with the free recall data.

In Experiment 1 a reliable groups3 list in-
eraction was found,F(1, 22) 5 7.6, MSe 5
1.74,p , .01. The Rgroup showed a bias
output list 1 items first, SR5 .3, and to list 2
tems second, SR5 .7. In contrast, the F grou
ias was to list 1 items second, SR5 .7, and to

ist 2 items first, SR5 .3. As Experiment
demonstrates that in the standard DF proce
F group list 1 performance remains depres
even when all list 1 items are recalled it follo
that output order is unrelated in level of rec
at least in the present experiments. In fact
striking interaction in output order is exactly t
pattern that would be expected if the m
highly active or accessible items are reca
first. Thus, in the F group list 1 is inhibited an
therefore, has low accessibility, whereas lis
which is not inhibited, has high accessibil
ensuring early recall of items from this list. T
position with the R group is more complex a
an account proposing that, for example, re
active interference from list 1 to list 2 leads
the former list obscuring or somehow oversh
owing the latter and, hence, biasing recall of
1 first, although plausible, is not especially co
pelling. Instead, it might just as well be p
posed that all else being equal, participa
when recalling two recently learned lists hav
general bias to start their recall with the ite
learned first. The problem with all these exp
nations is that in Experiment 5, where there
also a standard DF effect, no reliable group3
lists interaction was found and output SRs h
were close to .5, indicating interspersing
items from the two lists in order of recall.
contrast, SRs from Experiment 2, L15 .3 and
L2 5 .7, F(1, 19) 5 12.9, MSe 5 1.9, p ,
.01; Experiment 3, L15 .3 and L25 .7, F(1,
22) 5 13.5, MSe 5 1.9, p , .01; andExper-
iment 4, L15 .4 and L25 .7, F(1, 22)5 5.5,
MSe 5 1.1, p , .03, all showed reliable lis

ffects with biases to recalling list 1 items fir

his, however, is unsurprising, as in each casa
d

e
s

re
d

s

t

,

-

-
t
-

s

-
s

e

ist 2 was acquired under conditions of divid
ttention and consequently would have rece
nly a shallow encoding. Finally, in Experime
only lists was reliable, L15 .4 and L25 .6,
(1, 22) 5 5.3, MSe 5 .5, p , .01; and

despite this bias to recall list 1 items first the
values indicate extensive interspersing of ite
during recall.

Finally, one potential problem with the S
method of calculating biases in output orde
that it does not take into account amount
called. Thus, a participant who recalled two
1 items followed by two list 2 items would ha
SRs of 0 and 1 respectively, as would a per
who recalled four list 1 items first followed b
eight list 2 items. This is not a problem if t
interest is simply in biases in outputregardless
of the amount recalled.However, it might be
argued that a participant who recalled, say,
list 1 items first followed by eight list 2 item
was, in fact, subject to output interference of
1 by the extended recall of list 2 items.5 Such
output interference should be present in th
and as well as F groups and the R groups
good candidates to show this as their reca
not subject to an earlier F instruction. Acco
ingly the R group data from Experiments 1 a
5 were examined and six participants with S
of 0 (all list 1 first) and 1 (all list 2 second) we
identified (there were also two cases of par
pants with SRs of 1 and 0). If it is the case t
later and extensive recall of list 2 interferes w
the further recall of list 1 then there should
greater recall of list 2 items than list 1 items
this subgroup of participants. It was found t
mean list 1 recall was .76 compared to lis
recall, which had a mean of .63. These, h
ever, did not differ reliably,t , 1.6, andthis
suggests that “overshadowing” output infere
was not a systematic factor in the present
experiments. In fact, looking over all parti
pants’ patterns of recall in Experiments 1 an
there were no cases which could, on the bas
output order, be unambiguously classified a
product of output interference. Patterns of re
which did not yield SRs of 0/1 or 1/0 were

5 We thank Mike Anderson for bringing this alternat

eccount to our attention.
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424 CONWAY ET AL.
mixed form such as 112221111212
112221222111, and so on, and this is refle
in the mean SRs, which, with values rang
between .3 and .7, indicate mixed pattern
recall in which lists were sampled several tim
at different points during recall.

In summary, the present section shows
output interference played little if any role in t
patterns of recall reported in Experiment 1 t
and this, perhaps, is not so surprising. Univ
sity students have few problems in recalling
of two lists of 10 words each. In our pil
studies we found that we had to introduc
demanding filled interval in order to prevent
R groups performing at ceiling and even w
this R group list 1 performance averaged
over the first six experiments. It seems to us
failure to recall from F group list 1 was large
a product of inhibition with, possibly, outp
interference affecting the accessibility of
occasional item for some participants. Fina
this conclusion is consistent with other findin
for example, by Geiselman, Bjork, and Fishm
(1983), who found that directing recall to co
mence with one list or the other does not
move the DF effect, again showing that out
order is not critical. More recently it has be
found that when participants recall onlyonelist,
.e., list 1 or list 2 in both F and R groups, t
F effect remains robust (R. Bjork, perso
ommunication). Taken together the exp
ents and additional analyses reported in

ection rule out an account of the overall pat
f findings in terms output order. This does
ean that output order effects did not occu

he experiments, nor does it mean that retri
ynamics do not effect level of performance
ther recall tasks; instead, our claim is t
utput order is not a factor that systematic

nfluences level of performance in the DF
ists procedure, and derivatives of it, used in
resent sequence of experiments.

GENERAL DISCUSSION

In summary, we have found that inhibition
recently acquired list of words can be d

upted if a secondary task is performed w
earning a second TBR list of words (Expe
ents 2 and 3) and can be completely abolishei
,
d

f

t

-
l

t

,
,

-
t

l
-
s
n
t

l

t

f a within-span concurrent memory load
ompanies second-list learning (Experimen
bolition of inhibition also occurs when th

wo lists are strongly associated (Experimen
ut not when they are only weakly associa
Experiment 5). None of these manipulatio
n the other hand, whether inhibition induc
Experiments 1 and 5) or inhibition disrupti
all other experiments), systematically infl
nced recognition performance, which gen
lly was at a high level. Correct recognition w
ominated by recollective experience, wh
ontrasts with recognition in item-by-item D
xperiments where an increase in feelings

amiliarity characterizes correct recognit
Gardiner et al., 1994). We believe these dif
nces reflect lack of elaborative rehearsal

tems in item-by-item DF experiments whi
ives rise to memory representations that
ote feelings of familiarity rather than recolle

ive experience during correct recognition.
ontrast, in DF list experiments the F list
earned normally, i.e., as a TBR list, and
ause of this is, presumably, elaborately
oded. Consequently, when an item on a re
ition test overcomes the inhibition t
ecognized word can be recollectively exp
nced. Finally, an extensive investigation (
eriment 7) and examination of the pattern
utput order indicated that this was highly

ikely to have led to the patterns of recall o
erved in the present DF experiments. We
ext to an account of the overall pattern
ndings, which in our view can best be e
lained in terms of how effective list 2 is

riggering inhibitory processes.

nhibition, Integration, and Competition

A fundamental assumption that underlies
easoning is that encoding processes aim
inimize the load imposed by the formation
ew memories, while simultaneously keep
vailable, for a limited time, a large amount
ecently acquired information. We believe tha
ey feature of experience to which inhibito
nd integration encoding process respond is
egree of potential for interference in later
all of successively encoded episodes. Whe

ds judged (and we assume such judgments are
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nonconscious) that temporally contiguous
sodes are highly likely to interfere with ea
other in later recall, then each newly enco
episode is subject to inhibition, i.e., the enc
ing system effectively self-generates an F c
The inhibition is triggered by the encoding o
subsequent competitor episode and it red
the accessibility rather than the availability
the competitor episode already represente
long-term memory. Another way in which e
coding processes deal with the uncertainty
what and how much should be retained is
integration. In this case, competing, or pot
tially competing, memory episodes are in
grated with each other to form representat
that do not trigger inhibitory encoding proce
es: integrated episodes do not compete bec
they are part of the same knowledge struc
(cf. Radavansky, 1999). Although encod
processes may be designed so as to gene
promote integration where this is possible
may be that they too require some type of
tiating cue, e.g., an R cue. Of critical imp
tance to initiation of inhibition and integratio
are interepisode remindings that occur du
encoding of a new episode. If the episode be
encoded is highly similar to a recently enco
episode thenduring the process of encodingit
will cue the recall of items from that episode.
for whatever reason, the already encoded
sode is to be inhibited then these interepis
remindings will act to intensify the inhibitio
If, on the other hand, and again for whate
reason, the already-encoded episode is to
it’s accessibility maintained or even increas
then the interepisode remindings will incre
integration of the already-encoded episode
the episode currently being encoded (Exp
ment 6).

In order to apply this reasoning to the co
plex pattern of our findings we draw furth
upon a proposal by Anderson and Spellm
(1994; see too Bjork et al., 1998; and Ander
& Bjork, 1994); namely that the process
retrieval inhibition is similar in type to the in
hibition that occurs in selective attention.
selective attention it has been shown that dir
ing attention to a specific target causes the

multaneous inhibition of competitor targets
-

d
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s

in

f
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(e.g., Tipper, 1985; Tipper et al., 1991;
Pashler, 1998, for a review). Extrapolating fr
this, a simple and powerful explanation of
DF effect in Experiments 1 and 5 is that wh
attention is directed to the encoding of the s
ond list, memory for the first (competing) l
becomes a target for inhibition. If the similar
between the two lists is such that they wo
later compete in recall, then inhibition will b
triggered and, moreover, will increase as ite
from the first list are occasionally accessed
ing list 2 learning. Thus, a critical factor in t
DF effect is the potential of lists 1 and 2
compete in later recall. This may also expl
why an F cue on its own, i.e., without further
learning, has little impact on memory despit
deliberate and effortful attempt to forget.
deed, this type of willed forgetting may ha
quite the opposite, and ironic, effect of incre
ing remembering of TBF materials (Wegn
1994). Inhibition does not occur in the R grou
because the first list is associated with an R
and this triggers integration. Here, when lis
items are occasionally accessed during sec
list learning they will be associated with the
2 item currently being processed and integra
will be facilitated. Possibly, this is why we oft
observed a pattern of list switching in the out
order data in the R groups.

Why then should a concurrent task (Exp
ment 3) on list 2 disrupt inhibition and a co
current memory load (Experiment 4) on lis
abolish inhibition? We propose that the effec
a secondary task during second-list learnin
to reduce the extent to which the second lis
encoded as a competitor to the first list. T
occurs because the second list cannot be
coded in a rich enough way to act as powe
competitor to the representation in memory
list 1 (which has been elaboratively encode
The secondary task on list 2 may also impai
prevent recall of list 1 items during list 2 lea
ing, i.e., by drawing upon any unused proce
ing capacity, and this may additionally act
lower list similarity and, hence, weaken inhi
tion. A problem for this account arises when
findings of Experiment 2 and 4 are compar
Recall of list 2 by the F group in both expe

ments is at about the .3 level (see Table 2),
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426 CONWAY ET AL.
suggesting quite severe impairment in the
quisition of this list. According to our reasoni
the ability of the representations of lists 2 an
to compete in recall should therefore be co
paratively low and as a consequence reca
list 1 should be raised above the level of t
observed in Experiment 1by about the sam
amount in both experiments.But this was no
what we observed and, instead, F-group re
of list 1 in Experiment 2 was 16%lessthan in
Experiment 4—a significant difference. In sp
of that result, we believe that our account
terms of competitors triggering inhibition r
mains viable. In our view, the difference b
tween these two experiments depends on
way in which the different list 2 manipulatio
in each experiment impact upon list 2 learn
and, consequently, determine list competit
ness. Vowel counting (Experiment 2) and
within-span concurrent memory load (Expe
ment 4) may impair second-list learning
about the same extent while impacting u
inhibition to different degrees. The particu
relevant difference here is that the two-d
concurrent memory load in vowel counting
less demanding than that in the six-digit c
current memory load used in Experiment 4. O
view is that in Experiment 4 list 1 items we
rarely, if at all, accessed during list 2 learn
and it is this that leads to the abolition of in
bition in this experiment. In contrast, the le
demanding task of vowel counting may ha
allowed some access of list 1 items during li
learning and so weakened rather than preve
inhibition. Thus, inhibition can be disrupted
at least two way: either by a reduced comp
tion or by prevention of access to list 1 ite
during list 2 learning. When the two are co
bined, as in holding a concurrent memory lo
in mind during second-list learning, there i
cumulative effect and inhibition is abolish
(Experiment 4).

Finally, consider the results of Experiment
and 6. Introduction of a weak association
tween the lists in the F group does not affect
and the usual inhibitory pattern is observed (
periment 5). In contrast, introduction of a str
ger association between list 1 and 2 items, w

half of each of the two lists are associates o
-

-
f
t

ll

e

-

-
r

d

-

-

-

n

each other, completely removes inhibition. T
pattern of mean free recall in Experiment 6 (
Table 2) showed that when there was a str
association between the lists not only was i
bition abolished but the F group benefited
nificantly more than the R group from the pr
ence of interlist associates. We suggest that
factors played a role in producing this pattern
results. First, inhibition was abolished beca
the strong associations between the lists po
fully cued integration processes by promot
extensive recall of list 1 items while learning
2. The net effect of this high degree of inter
cueing was that the two lists were treated
encoding processes) as one and so, as they
no competitor lists, inhibitory processes w
not triggered. Second, the increased recall in
F group, compared to the R group, may h
been a type of “rebound” effect (Wegner, 199
This latter effect may have arisen as a “cor
tion” process to a misplaced attempt at inh
tion. Assume that there is an intention to forg
induced by the F cue, and that presentatio
the second list leads to identification of
memory of list 1 as a to-be-inhibited compe
tor. Inhibition is then highly prime and a targ
has been identified, but then the content of
second list turns out to be unexpectedly rela
to the memory of List 1. This association re
fines list 1 not as a competitor, but as part of
same list and—as a consequence—additi
activation, sufficient to overcome any init
inhibition, is directed to encoding the two lis
and their interlist associations. Possibly,
additional activation is responsible for the
hanced recall of F group compared to R gr
in Experiment 6.

Our view, then, arising from the data repor
above and derived from the general view
Bjork et al. (1998), is that inhibition is prime
when one set of materials, already represe
in memory, is defined as a potential compet
to another about-to-be-encoded set of mater
Inhibitory processes are then triggered or in
ated by the encoding of the new TBR list. T
strength of the inhibition is set by the (potent
degree of competition between the already
coded TBF list and the TBR list currently bei

facquired. The more the potential of the TBF
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materials to compete later in recall with
TBR materials the greater the degree of inh
tion. However, there is a trade-off between
degree of potential competition and list discr
inability. Lists that are highly similar, becau
they contain many associates as in Experim
6, may not be encoded separately, in which
inhibition would not be triggered because th
would be no competitor memory representat
One strong prediction of the the view we ha
developed here is that it should be possibl
depress the level of inhibition with sufficien
dissimilar lists and work in progress in o
laboratory suggest that this is indeed the c
(Racsma’ny & Conway, 1999). In a “standa
DF experiment the two lists comprised either
members of the same category, e.g., all v
cles, or were a mixed list of unrelated item
When the categorized list was used as list
group mean recall of list 1 was .48 and altho
significantly less than recall of list 2, which w
.64, it was significantly higher than stand
F-group list 1 recall of .32. These more rec
data and the theoretical account develope
this section suggest that complex DF results
be usefully conceptualized in a framework t
focuses on how inhibitory and integration p
cesses operate during encoding.

Shaping Memories

A further aim of the present experiments w
to initiate development of an account of
neglected topic of the encoding of autob
graphical memories (AMs). Our theoreti
starting point is that in the short term, ov
periods of minutes and hours, very deta
memories are retained. Over longer reten
intervals of days, weeks, months, and ye
memories lose much of their detail, althou
they may nonetheless retain some sensory
ceptual details (Conway, 1996, 1999). Th
participants in the present experiments mi
after an extended retention interval of, say, s
eral years, recall that they took part in so
research when they were at university. Perh
they could recall some details of the laborato
a specific experimenter, and they may even
member that they had to learn lists of words

is unlikely at this point that they will recall, as
-

t
e

.

o

e

l
i-
.
F

t
n
n
t

n
,

r-
,
t,
-

s
,
-

t

they once could, any of the words from the l
or that there had been two lists, that they
ceived a midlist instruction, that there wa
filled interval, a recognition test, and so forth
general, the accessibility of details of AM
changes over time as memories are “shaped
consolidation processes, such as rehearsal
particular patterns. Note that we are not s
gesting that this is the only way in which AM
take on their form and the predictability
experience (Schank & Abelson, 1977), as w
as it’s unpredictability (Kahneman & Mille
1986), extent of prior knowledge, self-re
vance, emotions, as well as a host of o
factors (cf. Mullin, Herrmann, & Searlema
1993), operating in concert will all influen
what is retained in both the short and long te
(Conway et al., 1996, 1997). Instead our poin
that inhibition and integration processes ope
ing at encoding may be one of the sets of fac
that prepare a memory to have, as it is enco
or close to encoding, a particular pattern
accessibility and this pattern may, by influe
ing what aspects of an AM are subseque
rehearsed, may make an important contribu
to determining the long-term “shape” of a me
ory. We believe that the DF procedure rep
sents a good laboratory analog of the shapin
memories that takes place in everyday cogn
and, therefore, constitutes an effective way
which to examine initial retention of AM d
tails.

In the laboratory the “units” of experience
be sampled by a memory test are defined by
experimenter. In an analogous way the struc
of experience, perhaps determined by the be
nings and endings of distinct actions, thoug
and/or feelings (Conway, 1992, 1999; Newts
1976), may provide the junctures that de
units of to-be-encoded experience in every
cognition—much as the between-lists cue
fines the lists in a DF experiment. So for exa
ple, switching from thinking to writing, from
writing to making a cup of coffee, and so o
may all provide junctures at which units
experience become encoded into mem
These “units,” which are summaries of epo
of ongoing dynamic cognition, contain exte

sive sensory-perceptual information—they are
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428 CONWAY ET AL.
“near-experience”—and Conway (1996, 19
refers to them collectively as Event-Spec
Knowledge (ESK). The lists in a DF experime
can be viewed as analogous to ESK units
deed, depending on how they are encoded
lists may in fact be individual ESK units) a
can be subject to retrieval inhibition in a simi
way. Thus, as each unit is represented it c
petes, more or less strongly, with recently r
resented units. Patterns of inhibition th
build-up that reflect the degree of competiti
(Note that we assume that no conscious in
tion to forget is needed to produce this spo
neous retrieval inhibition, which is simply
automatic encoding process. A conscious in
tion to forget is only required in the artificial D
procedure.)

The outcome of the build-up of inhibition is
lowering of the accessibility of ESK units of
similar type up to the most recently encod
unit. By this view, inhibition is the default sta
of most units of ESK of a similar type with th
exception of the most recent unit to be encod
As a consequence, ESK units of a similar t
remain available but have attenuated acc
Unless these units are accessed, rehearsed
integrated with autobiographical memo
knowledge structures they may become per
nently unavailable (forgotten). Thus, inhibiti
of similar ESK units shapes a memory so
only certain units are readily accessible in f
recall. In addition to such effects, of course,
the current goals of the rememberer, which m
override automatic inhibition and make acc
sible specific ESK units or groups of units t
would otherwise have been inhibited (cf. C
way & Pleydell-Pearce, 2000). Personal go
may act as unifying themes that integrate E
units and, in so doing, make them immune
inhibition, or at least the type of inhibition th
underlies the DF effect. Thus, retrieval inhi
tion of competitor units takes place only
those units not subject to other intervention

In our view the purpose of retrieval inhibitio
in encoding is to promote forgetting and,
particular, the forgetting of redundant, sim
ESK units. This forgetting is achieved by ma
ing such units less accessible to recall and

less available for (spontaneous) rehearsal ana
)

-
e

-
-

.
-
-

-

.

s.
nd

-

t

y
-

s

o

subsequent integration with other autobiogra
ical knowledge. Lack of rehearsal and integ
tion will render a unit progressively more a
more unavailable until at some point during
retrieval interval the unit will become perm
nently unavailable and, in effect, forgotte
These inhibited units of ESK can, however,
accessed by a sufficiently specific cue, a
recognition, and retrieval inhibition only infl
ences what is accessed in recall. This la
aspect of retrieval inhibition allows the reev
uation of an event, or aspect of an event, w
a subsequent cue overcomes the inhibition
detail of an earlier memory. (How long t
accessing of an inhibited ESK unit with a s
cific cue remains a possibility is unknown, b
see Conway, 1997, for a review of data t
suggesting it may remain possible for very lo
periods of time.) In conclusion, by shaping w
can be easily recalled, retrieval inhibition in
rectly influences which specific details mig
potentially be retained in accessible form o
lengthy retention intervals while at the sa
time placing other (TBF) units in a state
attenuated accessibility that promotes their
getting.

Finally, consider the outcome of encoding
conditions where retrieval inhibition is eith
attenuated or prevented altogether. One p
bility is that the types of memories that res
from Post Traumatic Stress Disorder (PTS
are, at least in part, a product of a widespr
failure of retrieval inhibition at encoding.6 This
failure minimizes the organizing influence
retrieval inhibition at encoding and allows t
retention of apparently “irrelevant” minuti
(Brewin, 1998; Ehlers & Steil, 1995; van d

6 Failure of inhibition at encoding may occur when ma-
dly different ESK units are encoded consecutively
iscussed earlier. In the experience of a trauma it ma

hat the initiating event leads to an orienting response a
he event unfolds over time powerful emotions are ge
ted. If this leads to the encoding of two separate uni
SK, one representing the period of the orienting resp
nd the other period when emotions were experienced

he latter representation may not compete with former.
ould leave the AM for the orienting response hig
ccessible. Of course, other factors must also be ope
ut the failure of inhibition may help promote formation

dn intrusive memory.
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429DIRECTED FORGETTING
Kolk & Fisler, 1995). The sensory-percept
qualities of PTSD memories are intense
they have a “reliving” property that makes th
recall disturbing and destabilizing; this type
sensory “overload” is what might be expec
when retrieval inhibition fails. Similarly the in
trusiveness and repetitive recall of trauma m
ories may arise because they contain an ex
of highly accessible redundant details (E
units), making them particularly vulnerable
activation by specific cues (cf. Conway, 19
Conway & Pleydell-Pearce, 2000). Retrieval
hibition may then be a basic organizing proc
in the construction and consolidation of dura
and structured autobiographical memories
when it fails disorganized memories domina
by sensory perceptual details are the result
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