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Abstract In list-method directed forgetting, people are cued
to forget a previously studied item list and to learn a new list
instead. Such cuing typically leads to forgetting of the first
list and to memory enhancement of the second, referred to
as list 1 forgetting and list 2 enhancement. In the present
study, two experiments are reported that examined influen-
ces of items’ serial learning position in a list and the two
lists” output order on list-method directed forgetting. The
results show that list output order influences list 2 enhance-
ment but not list 1 forgetting. The enhancement was higher
when list 2 was recalled first than when list 1 was recalled
first and, in both cases, was higher for early list 2 items than
for middle and late list 2 items. In contrast, the forgetting
was equally present for all list 1 items and did not depend on
the two lists’ output order. The findings suggest that two
separate factors can contribute to list 2 enhancement: one
(encoding) factor that is restricted to early list 2 items and
does not depend on list output order, and another (retrieval)
factor that pertains to all list 2 items and varies with the two
lists” output order. A new two-mechanism account of direct-
ed forgetting is suggested that reconciles previous (encoding
or retrieval) views on list 2 enhancement.
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People’s memory for newly encoded information can be
enhanced by cuing them to forget related older information.
Corresponding evidence arises from list-method directed
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forgetting. In this paradigm, participants study two lists of
items and, after study of list 1, receive a cue to either forget
or continue remembering this list. Following study of list 2,
all participants are asked to recall the items of the two lists,
irrespective of original cuing. As compared with remember-
cued participants, forget-cued participants typically recall
more list 2 items and fewer list 1 items, referred to as [list
2 enhancement and list 1 forgetting (for reviews, see Bauml,
Pastotter & Hanslmayr, 2010; MacLeod, 1998). The finding
demonstrates that a forget cue can improve recall of subse-
quently encoded, supposedly relevant material and, simul-
taneously, can impair recall of previously encoded,
supposedly irrelevant information.

Accounts of list-method directed forgetting

In earlier work, directed forgetting has been attributed to a
single mechanism responsible for both list 2 enhancement and
list 1 forgetting. The selective rehearsal account, for instance,
assumes that during list 2 encoding, participants in the re-
member condition rehearse both list 2 and list 1 items, where-
as in the forget condition, they selectively rehearse the list 2
items, thus improving later recall of list 2 at the expense of list
1 (R. A. Bjork, 1970). The retrieval inhibition account
assumes that forget-cued participants engage in active inhib-
itory processes that reduce access to the list 1 context and, due
to the resulting decrease in the list’s interference potential,
facilitate memory for list 2 items (Geiselman, Bjork &
Fishman, 1983). Finally, the context change account claims
that the forget cue induces a change in participants’ internal
context, which then impairs list 1 recall, due to a mismatch
between the context at encoding and the context at retrieval,
and improves later list 2 recall, due to a reduction in interfer-
ence (Sahakyan & Kelley, 2002).
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According to one-mechanism accounts of directed for-
getting, list 2 enhancement and list 1 forgetting are the two
sides of the same coin and, thus, should always occur
together. Recently, however, a number of dissociations be-
tween the two effects have been reported. For instance,
whereas list 1 forgetting has been found to be present
irrespective of encoding style, list 2 enhancement has arisen
for intentionally encoded material but not for incidentally
encoded items (e.g., Sahakyan & Delaney, 2003; Sahakyan,
Delaney & Waldum, 2008b); whereas list 1 forgetting has
been reported to be present in recall but to be absent in
recognition, list 2 enhancement has arisen in both recall and
recognition (e.g., Benjamin, 2006; Sahakyan & Delaney,
2005); regarding electrophysiological brain activities, list 1
forgetting and list 2 enhancement have been found to be
related to separate effects in oscillatory brain function
(Bauml, Hanslmayr, Pastotter & Klimesch, 2008).

On the basis of such dissociations, more recently, two-
mechanism accounts of directed forgetting have been sug-
gested, according to which list 1 forgetting and list 2 en-
hancement arise from different mechanisms. In particular, it
has been suggested that the forgetting reflects reduced ac-
cessibility of list 1 items at retrieval and the enhancement
reflects a change in list 2 encoding. Sahakyan and Delaney
(2003), for instance, proposed a two-mechanism account
that attributes list 1 forgetting to a change in internal context
and list 2 enhancement to a change in encoding strategy,
with more elaborate encoding of list 2 items after a forget
cue than after a remember cue. Pastétter and Bauml (2010)
proposed a two-mechanism account that attributes list 1
forgetting to retrieval inhibition and list 2 enhancement to
a reset of encoding processes. According to the reset-of-
encoding hypothesis, the forget cue abolishes memory load
and inattentional encoding that would build up when both
lists were to be remembered, thus making the encoding of
early list 2 items as effective as the encoding of early list 1
items (for related results in other paradigms, see Pastotter,
Bauml & Hanslmayr, 2008; Pastotter, Schicker, Niedern-
huber & Béuml, 2011). While both reset of encoding and
selective rehearsal emphasize a role of encoding in list-
method directed forgetting, the selective-rehearsal account,
but not the reset-of-encoding account, assumes that list 2
enhancement is related to the same mechanism that produ-
ces list 1 forgetting.

Serial position curves and the possible role of list output
order in directed forgetting

The reset-of-encoding hypothesis arose from analyses of
items’ serial position curves, showing that the forget cue
impairs recall of all list 1 items but improves recall of early
list 2 items only (Pastotter & Béuml, 2010; Sahakyan &
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Foster, 2009). Pastétter and Bauml (2010) examined direct-
ed forgetting of word lists with varying number of list 2
items. On the basis of the data of 280 participants, pooled
across three experiments, their analysis of serial position
curves indicated that, regarding list 1, forgetting arises for
all list items and does not vary in amount with the items’
serial list position; regarding list 2, enhancement was not
present for all list items but was restricted to the first four
items of the list. Moreover, when the number of studied list
2 items was increased, forgetting of list 1 items increased,
whereas enhancement of the early list 2 items was unaffect-
ed, suggesting that the list 2 reset effect does not depend on
list 1 forgetting. Sahakyan and Foster used verbal action
phrases as item material to analyze items’ serial position
curves. Their analysis of serial position curves showed that
forgetting is equal for all list 1 items, which is consistent
with the Pastotter and Bauml (2010) finding, and that en-
hancement is restricted to the first eight list 2 items.
Sahakyan and Foster broke the item lists into bins of four
serial positions, whereas Pastotter and Bauml (2010) did not
categorize list positions, which may explain the slight var-
iation in results across studies. The results from both studies,
however, suggest that, regarding list 2, serial position curves
of cuing conditions converge from early to middle serial
positions.

The finding that middle and late list 2 items may not be
affected by the forget cue is challenging for theoretical
accounts of directed forgetting. This holds for all accounts
that assume that list 1 forgetting reflects reduced accessibil-
ity of the list items—for example, retrieval inhibition (e.g.,
Geiselman et al., 1983; Pastotter & Bauml, 2010) and the
context change account (Sahakyan & Delaney, 2003;
Sahakyan & Kelley, 2002). Indeed, if the forget cue reduces
accessibility of list 1 items—be it by means of retrieval
inhibition or a change in participants’ internal context—
interference for the list 2 items should be reduced, and thus,
accessibility of list 2 items should be enhanced. Both prior
behavioral and computational modeling work suggests that
a beneficial effect of interference reduction should not be
restricted to any subset of list 2 but should arise for all list 2
items about equally (Davelaar, Goshen-Gottstein, Ashkenazi,
Haarmann & Usher, 2005; Neath & Brown, 2006). This
suggestion contrasts with the previous directed-forgetting
findings of enhanced recall of early but not of middle and late
list 2 items.

Although the serial position results thus may challenge
current accounts of directed forgetting, there is also reason
to question the generality of these results. A possible reason
for why a general enhancement effect arising from reduced
interference for all list 2 items may have been missed in the
prior serial position work is that, at test, participants in these
studies started their recall with list 1 items and recalled list 2
items last (e.g., Pastotter & Bauml, 2010; Sahakyan &
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Foster, 2009). Indeed, recalling list 1 items first may have
reinstated the list’s interference potential in the forget con-
dition and, thus, may have reduced subsequent list 2 en-
hancement. Corresponding evidence arises from work
indicating that the successful retrieval of some of the to-
be-forgotten list 1 items can eliminate the forgetting of the
remaining list items (Béuml & Samenieh, 2010, 2012b) and
from work showing that reexposure of some list 1 items as
distractor items in a partial list 2 recognition test can elim-
inate subsequent list 2 enhancement for the remaining list
items (E. L. Bjork & Bjork, 1996; for related results, see
Béauml & Samenich, 2012a; Goernert & Larson, 1994).

If prior reprocessing of (some of the) list 1 items can
reinstate the list’s interference potential in the forget condi-
tion and, thus, reduce subsequent list 2 enhancement, list 2
enhancement should depend on list output order: If list 2
was recalled first, list 1°s interference potential should re-
main low, and list 2 enhancement should be high; in con-
trast, if list 1 was recalled first, list 1’s interference potential
should be reinstated, and list 2 enhancement should be low.
The general enhancement effect for list 2 items arising from
interference reduction (Davelaar et al., 2005; Neath &
Brown, 2006) thus should mainly be present if list 2 was
recalled first but be largely absent if list 1 was recalled first.
We addressed the issue in the present study by examining
whether (and how) list output order affects (serial position
curves in) directed forgetting, with regard to both list 2
enhancement and list 1 forgetting.'

The present experiments

The goal of the present study was to examine (serial position
curves in) directed forgetting (1) with “pure” measures of
list 2 enhancement and list 1 forgetting—that is, measures of
list 2 enhancement when list 2 is recalled first and measures
of list 1 forgetting when list 1 is recalled first—and (2) as a
function of list output order. In Experiment 1, each partici-
pant took part in a standard directed-forgetting task, either in
the forget or the remember condition. In both cuing con-
ditions, participants recalled both item lists at test, either list
1 first or list 2 first. We examined mean recall rates and
serial position curves for both item lists, as a function of cue
and as a function of the lists’ output order. In Experiment 2,

! Golding and Gottlob (2005) already examined the effect of list output
order in list-method directed forgetting. They employed a within-
participants design in which all participants were cued to forget list 1
and to remember list 2. The results showed that participants recalled
more (to-be-remembered) list 2 items than (to-be-forgotten) list 1 items
when list 2 was recalled first, but not when list 2 was recalled last,
suggesting an effect of list output order in directed forgetting. Howev-
er, because no remember condition was included in this study, the
results do not allow separate conclusions on the effect of list output
order on list 2 enhancement and list 1 forgetting.

each participant took part in a standard directed-forgetting
task, in both the forget and the remember conditions. This
time, each participant ran three successive blocks of the two
directed-forgetting tasks and, in both cuing conditions,
recalled to-be-remembered information only—that is, list 2
items in the forget condition and both list 2 items (first) and
list 1 items (second) in the remember condition. We exam-
ined mean recall rates and serial position curves for list 2
items.

Several predictions arose. First, on the basis of the view
that the forget cue reduces list 1 items’ interference potential
(e.g., Geiselman et al., 1983; Sahakyan & Kelley, 2002) and
the finding that successful retrieval of list 1 items at test can
reactivate the list’s interference potential (e.g., Bauml &
Samenieh, 2010; E. L. Bjork & Bjork, 1996), we expected
that mean list 2 enhancement would be larger when list 2 was
recalled first than when list 1 was recalled first (Experiment 1).
Second, because all list 2 items should benefit from the cue-
induced reduction in list 1 interference (Davelaar et al., 2005;
Neath & Brown, 2006), we expected list 2 enhancement to be
present for all list 2 items when list 2 was recalled first; in
particular, if both general interference reduction for all list 2
items and reset of encoding of early list 2 items (e.g., Pastotter
& Biauml, 2010) contributed to the list 2 enhancement effect,
the enhancement effect for early list 2 items might even
exceed the enhancement effect for the middle and late list 2
items (Experiment 1, Experiment 2). In contrast, if list 1 was
recalled first and the list’s interference potential was reinstat-
ed, no general interference reduction for the list 2 items should
arise and only reset of encoding of early list 2 items should
contribute to the enhancement effect (Experiment 1; e.g.,
Pastotter & Bauml, 2010; Sahakyan & Foster, 2009). Third,
regarding list 1, we expected the same amount of forget-
ting for all list 1 items, thus following both recent serial
position work (Pastotter & Béuml, 2010; Sahakyan &
Foster, 2009) and the predictions of the retrieval inhibition
and the context change accounts (Experiment 1). Such
forgetting might be larger if list 2 was recalled first than
if list 1 was recalled first, although only if the additional
retrieval trials on list 2 items increased the forgetting
similarly as additional list 2 study trials do (e.g., Pastdtter
& Béauml, 2010).

Experiment 1

Experiment 1 reports a directed-forgetting experiment in
which both cuing and list output order were manipulated
between participants. Participants studied a first list of items,
received a remember or forget cue, and then studied a
second list of items. After list 2 study, participants were
asked to recall the two item lists, either list 1 first and list
2 second or vice versa. Mean recall rates and serial position
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curves were analyzed as a function of list, cuing condition,
and list output order. The results of the experiment will shed
light on the role of list output order in list-method directed
forgetting. In particular, they will show whether, when list 2
is recalled first, list 2 enhancement is present for all list
items and whether the enhancement is larger for early than
for middle to late list items.

Method

Participants Two hundred seventy-two students (121 males
and 151 females) at Regensburg University participated in
Experiment 1. They were tested individually, with 68 par-
ticipants in each of the four experimental conditions.

Materials Twenty-four unrelated German nouns of medium
frequency were drawn from the CELEX database using the
Wordgen v1.0 software toolbox (Duyck, Desmet, Verbeke
& Brysbaert, 2004). Two lists of 12 words each were pre-
pared. Across lists, words were matched on frequency and
word length. The assignment of items to lists was constant
for all participants. Item order within lists was random for
each participant. Each list was equally often used in the
remember condition and the forget condition and served
equally often as the first and the second presented list.

Design The experiment had a 2 x 2 design with the between-
participants factors of cue (remember, forget) and list output
order (list 1 recalled first, list 2 recalled first). Conditions
differed in which cue was provided after list 1. In the remem-
ber condition, list 1 was followed by a cue to remember the
items; in the forget condition, list 1 was followed by a cue to
forget the items. Conditions also differed in list output order;
either list 1 or list 2 was recalled first.

Procedure The multiple-cue version of list-method directed
forgetting was used: Participants were told that they would
be presented with two lists of words to be learned but that,
following each list, they will be given a cue to remember or
forget the previous list (e.g., Conway & Fthenaki, 2003;
MacLeod, 1999; Pastotter & Béauml, 2007, 2010; Zellner
& Béauml, 2006). Twelve list 1 items were presented audi-
torily with a presentation rate of 2 s. In the remember
condition, list 1 was followed by the cue to remember the
list; in the forget condition, list 1 was followed by the cue to
forget the list. Next, 12 list 2 items were presented auditorily
with a presentation rate of 2 s; all participants were
instructed to remember list 2 items. Participants then
counted backward aloud from a three-digit number in steps
of threes for 30 s as a recency control. At test, participants
were asked to recall the two lists’ items regardless of original
cuing. Participants in the forget condition were explicitly told
that the forget cue had been for pretense. Half of the
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participants were asked to recall list 1 items first and list 2
items last. For the other half of participants, output order of
lists was reversed. Participants wrote down the items of the
two lists on separate sheets of paper. Recall time for each list
was | min.

Recall data were analyzed on both the list level and the
item level, separately for the two lists. On the list level,
proportion of correct recall was analyzed as a function of
cue and list output order. Items were counted as correctly
recalled if recalled with the correct list. We also analyzed
intrusion errors from the wrong list as a function of cue and
list output order. As it turned out, intrusion errors were
infrequent and did not differ between remember-cued and
forget-cued participants, for either list 1 or list 2. Therefore,
we do not report on the detailed results from these analyses.
On the item level, proportion of correct recall was analyzed
as a function of cue, list output order, and the within-
participants factor of serial position. Doing so, each of the
two lists was broken into four bins spanning three items
each (bin 1, items 1-3; bin 2, items 4-6; bin 3, items 7-9;
bin 4, items 10—12). Actually, bin selection did not affect the
results, being the same when the data were analyzed with a
three-bin selection. In none of the analyses reported in the
results section was list 1 or list 2 included as a factor (see
Anderson, 2005, for a discussion of confounding variables
when comparing list 1 and list 2 recall in a within-
participants design of list-method directed forgetting).

Results

List 2 recall On the list level, list 2 recall rates as a function
of cue and list output order are shown in Fig. la. A 2 x 2
analysis of variance (ANOVA) with the factors of cue (re-
member vs. forget) and list output order (list 1 recalled first
vs. list 2 recalled first) revealed a main effect of cue, F(I,
268) = 22.23, MSE = .03, p < .001, partial * = .08, and a
main effect of list output order, F(1, 268) = 11.63, MSE =
.03, p < .001, partial n* = .04; list 2 recall rates were higher
when list 2 was recalled first than when it was recalled last
(42.3% vs. 35.2%), and forget-cued participants showed
higher list 2 recall than did remember-cued participants
(43.6% vs. 33.9%). In addition, an interaction between cue
and list output order arose, F(1, 268) = 10.45, MSE = .03,
p <.001, partial 7* = .04; a beneficial effect of the forget cue
was present when list 2 was recalled first (50.5% vs. 34.0%),
t(134) = 6.10, p < .001, d = 1.05, but not when list 2 was
recalled last (36.8% vs. 33.7%), #(134) < 1.

On the item level, list 2 recall rates as a function of cue,
list output order, and serial position are depicted in Fig. 1b.
A 2 x 2 x4 ANOVA with the factors of cue (remember vs.
forget), list output order (list 1 recalled first vs. list 2 recalled
first), and serial position (bin 1 vs. bin 2 vs. bin 3 vs. bin 4)
was calculated. Consistent with the list-level analysis above,
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Fig. 1 List 2 recall rates in Experiment 1. a On the list level, recall rates are shown as a function of cue and list output order. Error bars: standard
errors. b On the item level, recall rates are plotted as a function of cue, list output order, and serial position

the ANOVA revealed a main effect of cue, F(1, 268) =
19.94, MSE = .12, p < .001, partial > = .07, a main effect
of list output order, F(1, 268) = 11.97, MSE = .12, p <.001,
partial 17* = .04, and a cue x list output order interaction, F(1,
268) = 7.56, MSE = .12, p < .01, partial > = .03. Going
beyond the list-level analysis, the ANOVA showed a main
effect of serial position, F(3, 804) = 81.54, MSE = .08, p <
.001, partial n* = .23, and a cue x serial position interaction,
F(3, 804) = 4.73, MSE = .08, p < .01, partial 7> = .02; other
interactions were nonsignificant, Fs < 1.10, ps > .38.

The main effect of serial position indicates that recall for
bin 1 items (61.0%) was higher than recall for bin 2 (35.3%), ¢
(271)=10.59,p<.001, d= .83, bin 3 (31.0%), 1(271)=11.76,
p <.001,d=.99, and bin 4 (27.5%), 1(271) = 13.54, p < .001,
d=1.10, items; recall for bin 2 items was higher than recall for
bin 4 items, #(271) = 3.21, p < .01, d = 0.26; other differences
were nonsignificant, £5(271) < 1.60, ps > .10. More important,
due to the reliable cue x serial position interaction, pairwise
comparisons of the enhancement effect were calculated.
Enhancement was higher for bin 1 items than for bin 2, F
(1,268) = 7.03, MSE = .08, p < .01, partial > = .03, bin 3, F
(1,268)=9.44, MSE = .08, p < .01, partial 7 = .03, and bin 4,
F(1,268)=9.69, MSE = .08, p < .01, partial > = .03, items; all
other differences were nonsignificant, s < 1. Whereas this
differential enhancement effect was not affected by list output
order, output order reduced the general enhancement level
when list 2 was recalled last. Consistently, when list 2 was
recalled last, significant enhancement arose for bin 1 items
only (66.1% vs. 48.0%), #(134) = 3.47, p < .01, d = 0.59,
but not for bin 2 (31.8% vs. 29.9%), #(134) < 1, bin 3
(28.4% vs. 31.4%), t(134) < 1, or bin 4 (21.1% vs.
24.0%), #(134) < 1, items.

List 1 recall On the list level, list 1 recall rates as a function
of cue and list output order are shown in Fig. 2a. A 2 x 2
ANOVA with the factors of cue (remember vs. forget) and
list output order (list 1 recalled first vs. list 2 recalled first)
revealed a main effect of cue, F(1, 268) = 18.28, MSE = .03,
p < .001, partial * = .06, and a main effect of list output
order, F(1, 268) = 4.03, MSE = .03, p < .05, partial 1> = .02,
but no interaction between the two factors, F(1, 268) < 1.
Indeed, list 1 recall rates were higher when list 1 was
recalled first, as compared with when it was recalled second
(32.4% vs. 28.2%), and forget-cued participants showed
lower list 1 recall than did remember-cued participants
(25.8% vs. 34.8%).

On the item level, list 1 recall rates as a function of cue,
list output order, and serial position are depicted in Fig. 2b.
A 2 x 2 x4 ANOVA with the factors of cue (remember vs.
forget), list output order (list 1 recalled first vs. list 2 recalled
first), and serial position (bin 1 vs. bin 2 vs. bin 3 vs. bin 4)
was calculated. Consistent with the list-level analysis above,
the ANOVA revealed main effects of cue, F(1,268) = 16.69,
MSE = .12, p < .001, partial 7* = .06, and list output order, F
(1, 268) = 4.23, MSE = .12, p < .05, partial 7> = .02. Going
beyond the list-level analysis, the ANOVA showed a main
effect of serial position, F(3, 804) = 128.81, MSE = .06, p <
.001, partial 7> = .33, but no reliable interactions, Fs < 1.
Indeed, list 1 recall decreased from the first to the last item
bin (55.0% vs. 30.0% vs. 20.1% vs. 16.3%), all #s(271) >
2.00, ps < .05. In fact, forget-cued participants showed
lower list 1 recall than did remember-cued participants at
all four item bins, all Fs(1, 268) > 4.60, all ps < .05, all
partial 7°s > .02, regardless of the lists’ output order, all F's
(1, 268) < 1. These results indicate that list 1 forgetting
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Fig. 2 List 1 recall rates in Experiment 1. a On the list level, recall rates are shown as a function of cue and list output order. Error bars: standard
errors. b On the item level, recall rates are plotted as a function of cue, list output order, and serial position

arises for all items equally and does not depend on the lists’
output order.

Discussion

The results of Experiment 1 show the two typical directed-
forgetting effects, list 1 forgetting and list 2 enhancement.
As was expected, mean list 2 enhancement varied with list
output order: Reliable list 2 enhancement arose only when
list 2 was recalled first, but it did not arise when list 1 was
recalled first, suggesting that recalling list 1 items first
reinstated the list’s interference potential in the forget con-
dition and, thus, reduced subsequent list 2 enhancement.
The finding for list 2 contrasts with the results for list 1.
Mean list 1 forgetting was present regardless of list output
order. This held although list output order per se affected the
results and list 1 recall was generally higher when list 1 was
recalled first than when list 1 was recalled last. List output
order thus seems to have different influences on the two
directed-forgetting effects.

Serial position analysis of the two lists showed higher
levels of list 2 enhancement for early list 2 items than for
middle and late list 2 items. This differential effect did not
depend on list output order, although the items’ general
amount of enhancement varied with output order. Indeed,
enhancement for the middle and late list items was present
only when list 2 was recalled first, but it was absent when
list 1 was recalled first; the latter finding replicates the
results from previous studies in which list 1 was recalled
first (Pastotter & Béuml, 2010; Sahakyan & Foster, 2009).
Serial position analysis also showed that list 1 forgetting
does not vary with the items’ serial position. List 1 forget-
ting arose for all list items, and it arose regardless of whether
list 1 was recalled first or last. The finding replicates prior
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results by Sahakyan and Foster and by Pastétter and Bauml
(2010), who asked participants to recall list 1 first and list 2
second, and generalizes it to the reversed output order.

Experiment 2

An intriguing feature of the results of Experiment 1 is that
list 2 enhancement seems to be higher for early than for
middle and late list items, regardless of list output order.
Because this result may have implications for theoretical
accounts of directed forgetting, it was the goal of Experi-
ment 2 to replicate this differential enhancement effect,
using different materials and a different experimental setup
than was employed in Experiment 1. A directed-forgetting
experiment is reported, in which each participant ran three
successive experimental blocks, with each block including
both the remember and the forget conditions. In both cuing
conditions, participants recalled to-be-remembered informa-
tion only—that is, list 2 items in the forget condition and
both list 2 items (first) and list 1 items (second) in the
remember condition. Doing so, we created “pure” measures
of list 2 recall and, thus, “pure” measures of list 2 enhance-
ment. List 2 mean recall rates and list 2 serial position
curves were analyzed as a function of cuing condition. On
the basis of the results of Experiment 1, we expected that list
2 enhancement would be present for all list 2 items, with
higher list 2 enhancement for early than for middle and late
list items.

Method

Participants Eighty-two students (25 males and 57 females)
at Regensburg University participated in Experiment 2.
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They were tested individually. None of the participants had
taken part in Experiment 1.

Materials One hundred forty-four unrelated German nouns
of medium frequency were drawn from the CELEX data-
base (Duyck et al., 2004). They were assigned to 12 item
lists, each consisting of 12 items. The assignment of items to
lists was random for all participants.

Design The experiment had a 2 x 3 design with the within-
participants factors of cue (remember, forget) and block
(blocks 1-3). Each of three blocks consisted of the two
directed-forgetting tasks, differing in which cue was provid-
ed after list 1. In the remember task, list 1 was followed by a
cue to remember the items; in the forget task, list 1 was
followed by a cue to forget the items.

Procedure The multiple-cue version of list-method directed
forgetting was used. The experiment consisted of three
blocks, each containing a remember and a forget task that
differed in which cue was provided after list 1. Order of the
remember and the forget tasks within each block was ran-
domized. Each participant ran six study—test cycles, each
containing two lists. In one half of the cycles, list 1 was cued
to be forgotten; in the other half, list 1 was cued to be
remembered. List 2 was always cued to be remembered.
By using three blocks rather than a single block, we in-
creased the signal-to-noise ratio for serial-position data anal-
ysis. In each task, participants studied two lists of 12 items
each, counted backward, and were tested. All items were
presented visually in the center of a computer screen, with a
presentation rate of 4 s (3.5-s item presentation, 0.5-s blank
screen). After study of list 1, participants received a cue to
either forget or continue remembering this list. Next, 12 list
2 items were presented visually, with a presentation rate of
4 s; all participants were instructed to remember list 2 items.
Participants then counted backward aloud from a three-digit
number in steps of threes for 30 s as a recency control. At
test, focus was on list 2 recall. In the forget condition,
participants were asked to remember list 2 items only. In
the remember condition, participants were asked to remem-
ber list 2 items first and list 1 items second. Participants
wrote down the items of each list on separate sheets of
paper. Recall time for each list was 1 min.

List 2 recall data were analyzed on both the list level and
the item level. On the list level, proportion of correct recall
was analyzed as a function of cue and block. Items were
counted as correctly recalled if recalled with the correct list.
On the item level, proportion of correct recall was analyzed
as a function of cue, block, and the within-participants factor
of serial position (bin 1, items 1-3; bin 2, items 4-6; bin 3,
items 7-9; bin 4, items 10—12). The results were the same
for a three-bin selection. We also analyzed intrusion errors

from the wrong list or wrong block as a function of cue and
block. As it turned out, both extra-block and intra-block
intrusion errors were very infrequent and did not differ
between remember-cued and forget-cued participants.
Therefore, we do not report on the detailed results from
these analyses. List 1 recall data are also not reported,
because we did not ask participants to recall list 1 items in
the forget condition.

Results

On the list level, list 2 recall rates as a function of cue and
block are shown in Fig. 3a. A 2 x 3 ANOVA with the factors
of cue (remember vs. forget) and block (block 1 vs. block 2
vs. block 3) revealed a main effect of cue, F(1, 81) = 54.16,
MSE = .02, p < .001, partial 7> = .40, and a main effect of
block, F(2, 162) = 7.49, MSE = .02, p < .001, partial 7> =
.09, but no interaction between the two factors, F(2, 162) <
1. Indeed, recall increased across blocks (50.9% vs. 54.7%
vs. 57.5%), and forget-cued participants showed higher list
2 recall than did remember-cued participants (59.6% vs.
49.2%).

On the item level, list 2 recall rates as a function of cue
and serial position are depicted in Fig. 3b. A 2 x 3 x 4
ANOVA with the factors of cue (remember vs. forget), block
(block 1 vs. block 2 vs. block 3), and serial position (bin 1
vs. bin 2 vs. bin 3 vs. bin 4) was calculated. Consistent with
the list-level analysis above, the ANOVA revealed main
effects of cue, F(1, 81) = 60.19, MSE = .08, p < .001, partial
1 =43, and block, F(2, 162) = 6.20, MSE = .08, p < .01, partial
7" = .07. Going beyond the list-level analysis, the ANOVA
revealed a main effect of serial position, F(3, 243) = 14.03,
MSE = .08, p < .001, partial * = .15, and a cue x serial
position interaction, F(3, 243) = 3.06, MSE = .08, p < .05,
partial 77* = .04; other interactions were nonsignificant,
Fs < 1.70, ps > .12. The main effect of serial position
indicates that recall for bin 1 items (66.5%) was higher than
recall for bin 2 (52.1%), #81)=8.29, p <.001, d = 0.66, bin 3
(49.0%), #81) = 8.27, p <.001, d = 0.77, and bin 4 (50.0%),
#81) =732, p <.001, d = 0.76, items; all other differences
were nonsignificant, ts(81) < 1.70, ps > .10.

Due to the reliable cue x serial position interaction, post
hoc analyses were calculated, indicating a beneficial effect
of the forget cue for bin 1 (77.0% vs. 55.8%), #(81) = 7.86,
p <.001, d =0.87, bin 2 (56.1% vs. 48.1%), #(81) = 2.74,
p<.01,d=0.31, bin 3 (52.4% vs. 45.7%), t(81) = 2.68, p <
.01, d=0.26, and bin 4 (52.9% vs. 47.1%), (81)=2.11,p <
.05, d = 0.23, items. Crucially, pairwise comparisons
showed that enhancement for bin 1 items was larger than
enhancement for bin 2, F(1, 81) = 13.31, MSE = .03,
p < .001, partial 7° = .14, bin 3, F(1, 81) = 15.74, MSE =
.03, p < .001, partial 7> = .16, and bin 4, F(1, 81) = 15.70,
MSE = .03, p < .001, partial 772 = .16, items; all other
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Fig. 3 List 2 recall rates in A List2 B List2
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differences between middle and late bins were nonsignificant,
Fs < 1. Thus, cuing affected all list 2 items, with a larger effect
for early list 2 items than for middle and late list 2 items.

Discussion

Consistent with the results of Experiment 1, Experiment 2
showed that when list 2 items are recalled first, list 2
enhancement arises. Also consistent with the results of
Experiment 1, serial position analysis showed that the en-
hancement is present for all list items but is larger for early
than for middle and late list 2 items. Additionally, the results
of Experiment 2 show that list 2 recall can increase across
successive runs of the two cuing conditions, presumably
arising from more effective learning across study—test cycles
(e.g., Postman, 1971). Such increases in recall level did not
affect list 2 enhancement.

General discussion
Directed forgetting and the role of list output order

The present results show that, in list-method directed for-
getting, list 2 enhancement depends on list output order.
While both Experiment 1 and Experiment 2 demonstrate
that the forget cue enhances memory for list 2 items if, at
test, list 2 is recalled first, the results of Experiment 1 show
that list 2 enhancement is reduced if list 1 is recalled first. A
different picture arises for the detrimental effect of the forget
cue on recall of list 1 items. In contrast to list 2 enhance-
ment, list 1 forgetting is present both when list 1 is recalled
first and when list 2 is recalled first, and the size of the
forgetting does not vary with list output order.

The present finding that list output order can affect list 2
enhancement is consistent with the hypothesis that, at test,
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initial list 1 recall can reinstate the list’s interference poten-
tial and, thus, reduce or even eliminate subsequent list 2
enhancement. The finding thus confirms prior work show-
ing that guided cued recall of some to-be-forgotten list 1
items can eliminate forgetting of the remaining list items
(Bauml & Samenieh, 2010, 2012b) and showing that reex-
posure of some to-be-forgotten list 1 items can eliminate
subsequent list 2 enhancement (Bjork & Bjork, 1996). The
present finding that list output order does not influence list 1
forgetting suggests that, although list 1 forgetting increases
with number of list 2 study trials (Pastétter & Béuml, 2010),
additional retrieval trials on list 2 items do not further
increase the forgetting.

While, in the present study, single experimental condi-
tions differed in whether list 1 or list 2 was recalled first at
test, in the literature, single studies differ in which of the two
lists was recalled first. Indeed, while, in some studies, par-
ticipants were asked to recall list 1 first (e.g., Delaney &
Sahakyan, 2007; Pastotter & Bauml, 2010), in other studies,
participants were asked to recall list 2 first (e.g., E. L. Bjork
& Bjork, 1996; Kimball & Bjork, 2002) or to recall the two
lists’ items in any order they wished, thus inducing a ten-
dency to recall the more recent list 2 items first (e.g., Geiselman
et al., 1983; Golding & Gottlob, 2005). Interestingly, when list
1 was recalled first, quite often list 1 forgetting was present,
whereas list 2 enhancement was absent (e.g., Delaney &
Sahakyan, 2007; Pastotter & Bauml, 2010); in contrast, when
list 2 was recalled first or the two lists’ items were recalled
simultaneously, quite often robust list 2 enhancement arose
(e.g., E. L. Bjork & Bjork, 1996; Geiselman et al., 1983). While
this difference in results across studies may be due to a number
of uncontrolled factors, such as differences in materials, proce-
dure, or even participants, and there are exceptions to this “rule”
as well (e.g., Bauml et al., 2008; Sahakyan & Kelley, 2002), the
difference in results may well be related to the difference in the
lists” output order.
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We addressed the issue in a meta-analysis that we con-
ducted on list-method directed-forgetting studies of the past
10 years. The main result of the meta-analysis can be seen in
Fig. 4 (for detailed methods and results, see the Appendix;
note that directed-forgetting studies before the year 2000
typically used a within-participants directed-forgetting de-
sign in which no remember condition was included). It
shows mean weighted effect sizes of list 2 enhancement
and list 1 forgetting as a function of list output order.
Categorical model fitting suggests that whereas list 1 for-
getting did not depend on the lists’ output order in the prior
work, list 2 enhancement was much larger when list 2 was
recalled first, as compared with when it was recalled last.
The results of this meta-analysis are consistent with the
present finding that list 2 enhancement, but not list 1 for-
getting, depends on list output order. In particular, the results
support the view that list 2 enhancement is present mainly if,
at test, list 2 is recalled first.

Serial position curves in directed forgetting

Regarding serial position curves of list 1, the results of
Experiment 1 show that the forgetting does not vary with
items’ serial list position. List 1 forgetting arose for all list
items, and it arose regardless of whether list 1 was recalled
first or last. The finding that the forgetting is equal for all list

Mean Weighted Effect Size
N

List 2 Enhancement List 1 Forgetting

[l List 2 Recalled First [] List 1 Recalled First [] All Studies

Fig. 4 Meta-analysis on 20 list-method directed-forgetting studies of
the past 10 years: Mean weighted effect sizes of list 2 enhancement (list
2 recall in the forget condition minus list 2 recall in the remember
condition) and list 1 forgetting (list 1 recall in the remember condition
minus list 1 recall in the forget condition), with confidence intervals
(95% Cls), calculated for all studies and separately for studies in which
list 2 was recalled first and list 1 was recalled last (including those in
which participants recalled the two lists in any order they wished) and
studies in which list 1 was recalled first and list 2 was recalled last. For
detailed method and results of the meta-analysis, see the Appendix

1 items replicates the results from prior work on items’ serial
position curves, in which participants were asked to recall list
1 items first and list 2 items second (Pastotter & Bauml, 2010;
Sahakyan & Foster, 2009). The finding is also in line with the
results of two further studies, which showed largely parallel
list 1 serial position curves in the two cuing conditions, both
when list 1 was recalled first (Lehman & Malmberg, 2009)
and when participants were asked to recall the two lists’ items
in any order they wished (Geiselman et al., 1983), although no
detailed test statistics were reported in these studies. Together,
the results from the present and previous studies suggest that
the forget cue reduces accessibility of the whole list, affecting
all list 1 items about equally.”

Regarding serial position curves of list 2, the results of
Experiment 1 and Experiment 2 demonstrate that early list 2
items differ in the size of the enhancement effect from the
middle and late list items. Indeed, when list 2 is recalled
first, all list 2 items show recall enhancement, but the early
list items show a larger enhancement effect than do the
middle and late items; when list 1 is recalled first, only the
early list 2 items show recall enhancement, while the en-
hancement is absent for middle and late list items. These
results are in agreement with prior work showing enhance-
ment of early list 2 items when participants recalled list 1
items first (Pastotter & Béuml, 2010; Sahakyan & Foster,
2009). They are also in line with the results of two other
studies, which showed whole-list enhancement with a ten-
dency of increased enhancement for early list items, both
when list 2 was recalled first (Lehman & Malmberg, 2009)
and when participants recalled the two lists in any order they
wished (Geiselman et al., 1983), although again no detailed
test statistics were reported in these studies. As a whole, the
findings indicate that list 2 enhancement depends on list
output order and that two different factors can contribute
to the enhancement effect: one factor that is restricted to
early list 2 items and is present regardless of list output
order, and another factor that pertains to all list 2 items
and is present only if list 2 is recalled first.

A new two-mechanism account of directed forgetting

According to the two-mechanism accounts of directed for-
getting suggested by Sahakyan and Delaney (2003) and

2 Employing a within-participants design in which all participants were
cued to forget list 1 and to remember list 2, MacLeod, Dodd, Sheard,
Wilson and Bibi (2003, Experiment 1) compared serial position curves
for the two item lists. The results showed a primacy recall advantage
for the first two list 2 items when compared with recall of list 1 items.
However, because no remember condition was included in this exper-
iment, the results do not allow separate conclusions on list 2 enhance-
ment and list 1 forgetting. In a second experiment, MacLeod and
colleagues employed a standard between-participants design to exam-
ine serial position curves in list-method directed forgetting. However,
the results did not show any reliable list 1 forgetting.
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Pastotter and Bauml (2010), list 2 enhancement arises from
a change in list 2 encoding processes, either via a change in
encoding strategy or via a reset of the encoding process,
whereas list 1 forgetting reflects reduced accessibility of list
1 items, either via inhibition of the list 1 context or via a
change in participants’ internal context. Regarding list 1
forgetting, the present results are consistent with the view
that the forget cue impairs access to the list 1 context and,
thus, affects the single list items about equally. Regarding
list 2 enhancement, however, the present results are in
disagreement with the prior two-mechanism accounts, both
the strategy-change view (Sahakyan & Delaney, 2003) and
the reset-of-encoding view (Pastotter & Bauml, 2010).

Indeed, the strategy-change hypothesis claims that the
enhancement effect is caused by a change in people’s encod-
ing strategy, with more elaborate encoding of list 2 items in
the forget condition than in the remember condition. Thus,
list 2 enhancement should be present for all list 2 items,
regardless of the lists” output order (Glanzer & Koppenaal,
1977). Finding the enhancement to be restricted to early list
2 items when list 1 is recalled first, is in disagreement with
the hypothesis. The reset-of-encoding hypothesis claims that
cuing participants to forget list 1 selectively boosts encoding
of early list 2 items, with stronger primacy effects in the
forget condition than in the remember condition. Accord-
ingly, list 2 enhancement should be present for early list
items, but not for middle and late list items (Pastotter &
Bduml, 2010). Finding list 2 enhancement for all list items
when list 2 is recalled first is in disagreement with this
proposal.

While the present results thus challenge these previous
two-mechanism accounts, they are consistent with a modi-
fied version of Pastotter and Bauml’s (2010) two-
mechanism account. This new account still assumes that
the forget cue induces a reset of encoding for early list 2
items, selectively boosting encoding of these items. Addi-
tionally, however, it assumes that, by inhibiting the list 1
context, the forget cue causes interference reduction for all
list 2 items and, thus, can improve retrieval of these items at
test (see Davelaar et al., 2005; Neath & Brown, 2006).
Crucially, whereas the reset is supposed to reflect an encod-
ing effect and to be effective regardless of list output order,
the beneficial effect of interference reduction is supposed to
reflect a retrieval effect that is present only if list 2 is
recalled first and list 1’s interference potential is not reac-
tivated by prior recall of the list. Thus, both reset of encod-
ing and interference reduction are assumed to contribute to
list 2 enhancement when list 2 is recalled first, whereas
mainly reset of encoding but less interference reduction are
assumed to contribute when list 1 is recalled first.

The present view that two different factors may contrib-
ute to list 2 enhancement is consistent with Lehman and
Malmberg’s (2009) recently proposed computational model
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of remembering and forgetting in multiple lists, which
assumes that both interference reduction and differential
encoding of early list 2 items contribute to the enhancement
effect in list-method directed forgetting. Following
Sahakyan and Kelley (2002), the model assumes that the
forget cue causes a change in mental context between lists,
which creates less overlap in contextual features between
the two lists and, thus, reduces list 1 interference when list 2
items are recalled at test. In addition, the model assumes that
the forget cue improves encoding of the context that is
associated with the first item of list 2. Such improved
encoding is proposed to contribute to the enhancement
effect, because participants may initiate list 2 recall with
the first list item and subsequently recall items from nearby
positions through interitem associations.

Importantly, the Lehman and Malmberg (2009) model not
only predicts differential list 2 enhancement, but also predicts
differential list 1 forgetting. Indeed, the model assumes that, at
encoding, context information is most strongly associated to
the first item of list 1 and that, at retrieval, the initial list 1
retrieval cue is a pure context cue. The model then predicts
that the forget cue makes initial recall of the first list 1 item less
effective, because of a less effective context cue, and thus
produces larger forgetting for early than for middle and late
list items. The model’s predictions are in line with Lehman
and Malmberg’s (2009) observation that the forget cue
reduces chances that participants start list 1 recall with the
list’s first item. However, the predictions are in conflict with
all the prior work reporting comparable forgetting for all list 1
items (Pastotter & Bauml, 2010; Sahakyan & Foster, 2009;
see also Geiselman et al., 1983; Lehman & Malmberg, 2009;
present Experiment 1). Possibly, Lehman and Malmberg’s
(2009) finding of reduced initial recall of the list’s first item
points to a change in retrieval strategy, rather than to differen-
tial list 1 forgetting when a forget cue is provided.

A practical recommendation

To date, only few list-method directed-forgetting studies have
reported “pure” measures of both list 1 forgetting and list 2
enhancement—that is, measures of list 2 enhancement when
list 2 was recalled first and measures of list 1 forgetting when
list 1 was recalled first (e.g., Aslan, Zellner & Béuml, 2010;
Kimball & Bjork, 2002; Lehman & Malmberg, 2009). Rather,
most studies have measured the two directed-forgetting effects
by using a fixed recall order—that is, by asking participants to
recall list 1 first and list 2 second, or vice versa, or by asking
participants to recall the two lists’ items in any order they
wish. While gaining “pure” measures of list 1 forgetting
and list 2 enhancement appears to be the best choice to
measure the two effects, the present results show that
asking participants to recall list 2 first and list 1 second leads to
measures of similar quality—that is, perfect measures of list 2
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enhancement and hardly affected measures of list 1
forgetting. In contrast, when participants are asked to
recall list 1 first and list 2 second, perfect measures of
list 1 forgetting will arise, but list 2 enhancement may
be largely underestimated.

Future work on list-method directed forgetting may find
these findings useful. In clinical, neuroscientific, or develop-
mental studies, sometimes only limited numbers of partici-
pants are available for an experiment, so that the experimenter
may prefer a fixed output order at test, rather than varying the
lists” output order across participants. If so, the present results
indicate that experimenters should ask participants to recall
the second list first and the first list last. Such list output order
should guarantee perfect (list 2) or at least reasonable (list 1)
measures of people’s directed forgetting.

Conclusions

The present study demonstrates that list output order affects
list 2 enhancement, but not list 1 forgetting, in list-method
directed forgetting. List 2 enhancement is present mainly
when list 2 is recalled first but is reduced, or even absent,
when list 1 is recalled first. Recalling list 1 items first seems to
reinstate the list’s interference potential in the forget condition
and, thus, to reduce subsequent list 2 enhancement. This
influence of list output order is confirmed by a meta-analysis
conducted on prior directed-forgetting studies. In addition, the
present results indicate that two separate factors can contribute
to list 2 enhancement: one (encoding) factor that is restricted
to early list 2 items and does not depend on the lists’ output
order, and another (retrieval) factor that pertains to all list 2
items and varies with the lists’ output order. The results are
consistent with a new two-mechanism account, according to
which list 1 forgetting is caused by inhibition of the list 1
context, whereas both reset of encoding of early list 2 items
and inhibition-induced interference reduction for all list 2
items contribute to the enhancement effect.
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Appendix
Method and results of the meta-analysis
Method

The meta-analysis was conducted on list-method directed-
forgetting studies of the past 10 years (starting from 2002).

Articles were collected via PubMed Internet search
(www.pubmed.gov) with the keywords directed forgetting
and intentional forgetting, and by checking the references in
each of the collected articles. The four main criteria for inclu-
sion of a study in the analysis were as follows: (1) Cuing was
manipulated between healthy adult participants; (2) word lists
were used as item material; (3) lists’ output order was reported
and related unambiguously to the presented data; (4) items’
encoding style was not manipulated, but all items were
encoded intentionally. On the basis of these criteria, 20 studies
in 15 articles were included in the meta-analysis (Table 1).

In all calculations and procedures for categorical model
fitting, we followed the approach by Hedges and Olkin
(1985). For each study, weighted effect sizes of list 2 enhance-
ment (dg) and list 1 forgetting (dr) were calculated by sub-
tracting mean recall rates between cuing conditions (list 2
recall in the forget condition minus list 2 recall in the remem-
ber condition; list 1 recall in the remember condition minus
list 1 recall in the forget condition) and dividing by the
unbiased standard deviations. When means or standard devia-
tions were not reported, inferential statistics were used to
determine effect sizes. Across studies, mean weighted effect
sizes of list 2 enhancement (D) and list 1 forgetting (Dr) and
confidence intervals (95% Cls) were calculated, both across
all studies and separately for list-output-order groups (group 1,
studies in which list 2 was recalled first and list | was recalled
last and studies in which participants recalled the two lists in
any order they wished; group 2, studies in which list 1 was
recalled first and list 2 was recalled last).

In categorical model fitting, our first step was to deter-
mine whether the studies’ effect sizes of list 2 enhancement
(dgs) were homogeneous (QOr, total variance). The same was
done regarding the single effect sizes of list 1 forgetting
(dgs). In the next step, we broke down the studies into the
two list-output-order groups (group 1 vs. group 2). To test
for between-group and within-group homogeneity, we com-
puted Qg (between-group variance) and Qw (Within-group
variance), separately for list 2 enhancement and list 1 for-
getting. Both statistics have an approximate chi-square dis-
tribution with p — 1 (Qg: where p is the number of between-
groups) and k — p (Qw: where k is the total number of effect
sizes within groups) degrees of freedom. A significant be-
tween variance (Op) indicates that the mean weighted effect
size, Dg or Dy, differs between list-output-order groups. A
significant within variance (Qw) indicates that substantial
heterogeneity is in the model that is not accounted for by the
lists” output order.

Results
Across all studies, the average weighted effect sizes of

list 2 enhancement, Dg = 301, 95% CI = [.227, .374],
and list 1 forgetting, D = 496, 95% CI = [.422, .570],
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Table 1 Studies along with sample size, output order, list length, and effect size of list 1 forgetting and list 2 enhancement

Studies included in the Meta-Analysis N Output Order  List Length  df S(dr) dg S(dg)
Delaney & Sahakyan (2007, Experiment 1) 88 List 1 first 15 0,708 0,155 0,142 0,151
Foster & Sahakyan (2011, overt conditions) 80 List 1 first 16 0,334 0,159 0,334 0,159
Kimball & Bjork (2002, Experiment 1) 90 List 1 only 15 0,630 0,153

90 List 2 only 15 0,525 0,152
Lehman & Malmberg (2009, Experiment 1) 90 List 1 only 16 0,315 0,150

90 List 2 only 16 0,787 0,155
Lehman & Malmberg (2011, unrelated items) 80 List 1 only 16 0,297 0,159

80 List 2 only 16 0,816 0,165
Mulji & Bodner (2010, unrelated items) 52 List 1 first 12 0,206 0,197 0,229 0,197
Pastétter & Bauml (2007) 108  List 1 first 15 0,352 0,137 0,224 0,136
Pastotter & Bauml (2010, Experiment 1, 15 item conditions) 64 List 1 first 15 0,663 0,182 0,021 0,177
Pastotter & Bauml (2010, Experiment 2, 15 item conditions) 144 List 1 first 15 0,499 0,120 0,145 0,118
Pastotter & Bauml (2010, Experiment 3, 15 item conditions) 72 List 1 first 15 0,703 0,172 0,039 0,167
Sahakyan, Delaney, & Goodmon (2008, Experiment 1) 64 List 1 first 12 0,663 0,182 0,041 0,177
Sahakyan, Delaney, & Goodmon (2008, Experiment 2) 64 List 1 first 12 0,497 0,180 0,000 0,177
Sahakyan & Goodmon (2007, Experiment 1, unrelated conditions) 48 List 1 first 16 0,674 0,210 0,393 0,206
Sahakyan & Goodmon (2007, Experiment 2, unrelated conditions) 48 List 1 first 16 0,477 0,207 0,430 0,206
Sahakyan & Kelley (2002, Experiment 1, standard conditions) 88 List 1 first 15 0,292 0,152 0,332 0,152
Sahakyan & Kelley (2002, Experiment 2, not reinstated conditions) 64 List 1 first 15 0,652 0,181 0,466 0,179
Spillers & Unsworth (2011) 50 List 1 first 15 0,608 0,205 -0,070 0,200
Wessel & Merckelbach (2006, combined for item conditions) 108  List 2 first 15 0,495 0,138 0,265 0,137
Zellner & Bauml (2006, Experiment 1) 18 List 2 first 12 0,856 0,348 0,465 0,338
Zou, Zhang, Huang, & Weng (2011, Experiment 2, healthy controls) 30 List 2 first 10 0,541 0,263 0,892 0,271

N = sample size; dr = weighted effect size of list 1 forgetting; S(dr) = estimated standard deviation of dr; dr = weighted effect size of list 2

enhancement; S(dz) = estimated standard deviation of dx

were significant, indicating reliable directed-forgetting
effects (Fig. 4). Model fitting showed that the distribu-
tion of effect sizes of the single studies was homoge-
neous for list 1 forgetting, Or ~ x*(19) = 17.79, p =
.537, but not for list 2 enhancement, Or ~ x*(19) =
45.21, p < .001. Therefore, we broke down studies into
list-output-order groups and tested for between-group
and within-group homogeneity. Regarding list 2 en-
hancement, list-output-order groups reliably differed,
Op ~ x*(1) = 22.45, p < .001, and showed within-
group homogeneity, Ow ~ x*(18) = 22.75, p = .20,
both in group 1, Ow ~ x*(5) = 10.74, p = .06, and in
group 2, Ow ~ X>(13) = 12.01, p = .53. Although
different in effect size, list 2 enhancement was reliable
in both groups (group 1, Dg = .587, 95% CI = [.447,
.726]; group 2, Dg = .190, 95% CI = [.104, .277; see
Fig. 4). Regarding list 1 forgetting, list-output-order
groups did not differ, Og ~ x*(1) = 0.18, p = .67, and
showed within-group homogeneity, Ow ~ x*(18) =
17.62, p = .48. List 1 forgetting was reliable in both
groups (group 1, Dg = .544, 95% CI = [.317, .770];
group 2, D = .492, 95% CI = [.413, .570]; see Fig. 4).
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Together, the results of the meta-analysis suggest that,
in prior work, list 2 enhancement was reliably larger
when list 2 was recalled first, as compared with when
list 2 was recalled last, whereas list 1 forgetting was
unaffected by list output order.
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