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Sleep Can Eliminate List-Method Directed Forgetting

Magdalena Abel and Karl-Heinz T. Bäuml
Regensburg University

Recent work suggests a link between sleep and memory consolidation, indicating that sleep in compar-
ison to wakefulness stabilizes memories. However, relatively little is known about how sleep affects
forgetting. Here we examined whether sleep influences directed forgetting, the finding that people can
intentionally forget obsolete memories when cued to do so. We applied the list-method directed
forgetting task and assessed memory performance after 3 delay intervals. Directed forgetting was present
after a short 20-min delay and after a 12-hr delay filled with diurnal wakefulness; in contrast, the
forgetting was absent after a 12-hr delay that included regular nocturnal sleep. Successful directed
forgetting after a delay thus can depend on whether sleep or wakefulness follows upon encoding: When
wakefulness follows upon encoding, the forgetting can be successful; when sleep follows upon encoding,
no forgetting may arise. Connections of the results to recent studies on the interplay between forgetting
and sleep are discussed.
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Recent work suggests a link between sleep and memory con-
solidation. Sleep in comparison to wakefulness has been suggested
to stabilize memories, leaving them less prone to time-dependent
forgetting and interference (Ellenbogen, Hulbert, Stickgold, Dinges,
& Thompson-Schill, 2006; Talamini, Nieuwenhuis, Takashima, &
Jensen, 2008). Such stabilization has been attributed to the reac-
tivation of memory traces during sleep, which may consolidate
memories and shelter them from forgetting (for a review, see
Diekelmann & Born, 2010). Effects of sleep-associated memory
consolidation have been reported for a number of memory tasks,
including tasks that induce forgetting (e.g., Drosopoulos, Schulze,
Fischer, & Born, 2007). However, whether sleep influences di-
rected forgetting—the finding that people can intentionally forget
obsolete memories, when cued to do so—has hardly been inves-
tigated to date.

In the literature on directed forgetting, two tasks have been
employed: the list-method task and the item-method task. In the
item-method directed forgetting task (IMDF), participants study a
list of items and the exposure of each single item is followed
closely by a cue either to remember it for a later test or to forget

it (Woodward & Bjork, 1971). Typically, recall of to-be-forgotten
items is found to be lower than recall of to-be-remembered items
on the final test. In contrast, in the list-method directed forgetting
task (LMDF), participants study two item lists and, after study of
the first list, receive a cue either to forget or to continue remem-
bering the list as a whole (Bjork, 1970). After subsequent study of
the second list, participants are asked to recall the first-list items,
irrespective of original cuing. Compared with remember-cued
participants, forget-cued participants typically show impaired re-
call of the precue items (for reviews on IMDF and LMDF, see
MacLeod, 1998, or Bäuml, 2008).1

Although, at first glance, IMDF and LMDF may appear to
reflect very similar forms of forgetting, over the years a number of
experimental dissociations between the two tasks have emerged
and, as a result, the two forms of directed forgetting have been
attributed to different mechanisms (e.g., Bäuml, 2008; MacLeod,
1998). Indeed, IMDF is typically explained by differential re-
hearsal, assuming that to-be-remembered and to-be-forgotten
items differ in the degree to which the single items are rehearsed
and strengthened in response to the respective cue (Bjork, 1972).
In contrast, LMDF has repeatedly been related to some form of
contextual forgetting. It has been argued (a) that the forget cue
causes the original (first-)list context to become inhibited by a
retrieval inhibition process (e.g., Geiselman, Bjork, & Fishman,
1983) or (b) that the forget cue may induce a change in partici-

1 Typically, the forget cue also improves recall of the postcue items (e.g.,
Bjork, 1989). Because this study focused on the forgetting of precue items,
and participants at test were therefore asked to recall these items first, we
ignore the second effect of the forget cue in this paper. Indeed, preceding
recall of precue items often affects subsequent recall of the postcue items
(Golding & Gottlob, 2005; Pastötter, Kliegl, & Bäuml, 2012), which would
have made the conclusive interpretation of the effect of sleep on postcue
item recall impossible.
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pants’ internal context, which then impairs later recall of the
original list due to a mismatch between the context at encoding and
the context at retrieval (Sahakyan & Kelley, 2002). Although the
two accounts differ in detail, attributing LMDF to an inhibitory or
noninhibitory mechanism, they both emphasize impaired context
access as the source of the forgetting.

Two recent studies on the role of sleep in IMDF showed that
sleep can modulate IMDF. Rauchs et al. (2011) applied the IMDF
task and compared memory performance after regular sleep to
performance after sleep deprivation. Better recall of to-be-
remembered than to-be-forgotten items was found after sleep,
whereas the forgetting was reduced after sleep deprivation due to
elevated recall levels for to-be-forgotten items. Saletin, Goldstein,
and Walker (2011) also applied the IMDF task and found that, in
comparison to time spent awake, a daytime nap enhanced the
forgetting by selectively improving memory for to-be-remembered
items. IMDF thus seems to be enhanced by sleep.

Whether sleep affects LMDF as well has not been investigated
to date. However, a recent study on the role of relevancy of
memory content for sleep effects suggests that the results on IMDF
may generalize to LMDF. Applying paired-associate learning,
Wilhelm et al. (2011) manipulated participants’ expectancy of a
memory test. After initial encoding and an immediate test, partic-
ipants were told that, after a delay, either they would be tested on
the same material again or they would participate in a different
task. Benefits of sleep compared to wakefulness were found only
if participants believed that the studied material was still relevant
for the upcoming test. Because suggested relevancy or irrelevancy
of precue items is also at the core of the LMDF task, one might
expect sleep-associated memory consolidation to be present
mainly after the remember cue. If so, sleep in comparison to
wakefulness would amplify the forgetting of precue items, thereby
replicating the effects of sleep on IMDF (Rauchs et al., 2011;
Saletin et al., 2011).

A different view on the role of sleep on LMDF arises from the
results of a recent study on the role of sleep for context effects.
Using a context-change paradigm, Cairney, Durrant, Musgrove,
and Lewis (2011) asked participants to study two item lists in two
separate rooms. The participants were then tested on both lists in
one of the two rooms, after either a 12-hr wake delay or a 12-hr
sleep delay. A mismatch between study and test context reduced
memory performance after wakefulness but did not affect perfor-
mance after sleep, suggesting that sleep may counteract effects of
impaired context access. Because LMDF (but not IMDF) may also
reflect a case of impaired context access (e.g., Geiselman et al.,
1983; Sahakyan & Kelley, 2002), sleep may be expected to reduce
or even eliminate the forgetting, thereby contrasting with the prior
findings on IMDF.

In this study, we report the results of an experiment designed to
investigate whether sleep reduces or amplifies LMDF. We applied
the LMDF task and assessed memory performance for the precue
items after a 12-hr delay interval that was filled either with sleep
or with wakefulness. An additional, third delay condition employ-
ing a short 20-min delay was implemented to examine time-of-day
effects (e.g., Abel & Bäuml, 2012; Payne, Stickgold, Swanberg, &
Kensinger, 2008; Scullin & McDaniel, 2010). The results will
provide first evidence on the interplay between sleep and LMDF.
In addition, the results will indicate whether sleep has equivalent
or different effects on the two directed forgetting tasks.

Method

Participants

Originally, 210 students participated in the experiment. Prior to
analysis, the data of participants reporting sleep disorders, alcohol
intake between sessions, or having taken a nap although instructed
to stay awake were removed from the sample. The data of 192
healthy students remained (M � 22.5 years; range � 18–30 years;
76 men). Participants were equally distributed across conditions.
Conditions did not differ with regard to participants’ age, IQ
(estimated via speed of cognitive processing; Oswald & Roth,
1987), and ratings on the Epworth Sleepiness Scale (Hoddes,
Zarcone, Smythe, Phillips, & Dement, 1973), ps � .10.

Material

Item material comprised two lists, each containing 16 concrete
nouns (Van Overschelde, Rawson, & Dunlosky, 2004) and serving
equally often as List 1 and List 2. Items were unrelated and, within
lists, had unique initial letters. For each list, eight items were ran-
domly selected and defined as target items. Recent research on LMDF
indicates that the forgetting of precue items declines as more and more
list items are recalled at test, so that the forgetting effect is typically
present for the tested-first half of a 16-item list but is absent for the
second (Bäuml & Samenieh, 2010, 2012b). To get relatively pure
measures of the effect of the forget cue, we therefore followed recent
work and restricted analysis of participants’ recall to the eight target
items (Bäuml & Samenieh, 2012a, 2012b).

Design

The experiment had a 2 � 3 design with the between-
participants factors of cue (remember, forget) and condition (12-hr
wake, 12-hr sleep, short delay). For half of the participants, List 1
was followed by a cue to remember the items; for the other half,
it was followed by a cue to forget the items. In two of the delay
conditions, memory performance was tested after 12 hours (12-hr
delay conditions): In the 12-hr wake condition, participants studied
both lists at 9 a.m. and returned for the test after 12 hours of
wakefulness; in the 12-hr sleep condition, participants studied the
lists at 9 p.m. and returned for the test after 12 hours including
regular sleep (see Figure 1a). Effects of sleep versus wake were
assessed by comparing memory performance across the two 12-hr
delay conditions. Because testing in these conditions took place at
different times of day, a short-delay condition was implemented to
separately analyze potential circadian effects on memory perfor-
mance. Half of the participants in this condition completed the
whole experiment at 9 a.m. (a.m. condition), and the other half
completed the whole experiment at 9 p.m. (p.m. condition).

Procedure

Study phase. Participants were initially asked to memorize as
many to-be-presented items as possible. List 1 items were then
presented in random order, centrally on the computer screen and at
a rate of 4 s each. Two study cycles were conducted to prevent
floor effects after the 12-hr delay. After study of the list, partici-
pants in the remember condition were asked to keep that list in
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mind and to additionally study a second list. In the forget condi-
tion, a software crash was simulated and participants were told that
the wrong file had inadvertently been opened; they were asked to
forget the irrelevant preceding items and to focus on the items
coming up next instead. List 2 was then presented in the same way
as List 1 (e.g., Barnier et al., 2007; see Figure 1b). After engaging
in several distractor tasks (e.g., the connect-the-numbers test;
Oswald & Roth, 1987) for approximately 20 minutes, participants
either took the final memory test (short-delay condition) or left the
laboratory and completed the experiment after a delay of 12 hours
(12-hr delay conditions).

Test phase. Before testing started, participants in the forget
condition were informed about the purpose of the previously
simulated software crash and were asked to try to remember List
1, irrespective of the prior instruction to forget it. Then, the eight
target items of the first list were tested. Items’ unique initial letters
were presented as retrieval cues, in random order and for 10 s each.
Participants were asked to recall List 1 items that fit the initial-

letter cues. The remaining List 1 and the List 2 items were tested
as well, but the results are not reported (see also Bäuml & Same-
nieh, 2010, 2012b).

Finally, participants’ compliance with instructions was con-
trolled: All participants included in the wake-delay condition re-
ported no napping during the day, whereas all participants included
in the sleep-delay condition reported regular sleep during the night
(mean sleep duration � 7.6 hr; range 5–10 hr); none of the
participants reported alcohol intake between sessions, and none of
the participants cued to forget the first list reported having sus-
pected they would be tested on it.

Results

Short-Delay Condition

A 2 � 2 analysis of variance (ANOVA) with the factors of cue
(forget, remember) and time of day (a.m., p.m.) revealed a signif-

Figure 1. (a) Illustration of conditions in the main experiment: Across all conditions, participants received
either a remember cue or a forget cue after List 1 study. In the short-delay conditions, participants completed the
whole experiment either at 9 p.m. (p.m. condition) or at 9 a.m. (a.m. condition) and were tested after a short
delay. In the 12-hr delay conditions, memory was tested after a 12-hr delay. Participants started the experiment
at 9 p.m. and were tested after nocturnal sleep (12-hr sleep condition), or they started the experiment at 9 a.m.
and were tested after diurnal wakefulness (12-hr wake condition). (b) General procedure in the study phase: After
study of the first item list, half of the participants received a remember cue, indicating that the just studied list
would be tested later. The other half of the participants received a forget cue; they were told that they had been
presented with the wrong list and were asked to try to forget it, because it would not be tested later. Then, all
participants studied the second item list. R � remember; F � forget.
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icant main effect of cue, F(1, 60) � 10.05, MSE � 408.37, p �
.002, �2 � .14, reflecting directed forgetting of the outdated
precue items (i.e., lower recall after the forget cue than after the
remember cue; 31.6% vs. 47.7%). No other effects emerged, Fs(1,
60) � 1.0, indicating that memory performance was not affected
by circadian effects, irrespective of which cue had been provided
(for details, see Table 1).

12-Hr Delay Conditions

Figure 2a shows target recall after the 12-hr delay. A 2 � 2
ANOVA with the factors of condition (12-hr wake, 12-hr sleep)
and cue (forget, remember) revealed significant main effects of
condition, F(1, 124) � 23.37, MSE � 242.61, p � .001, �2 � .17,
and of cue, F(1, 124) � 6.89, MSE � 242.61, p � .010, �2 � .05.
The main effect of cue reflects directed forgetting of the precue
items (38.3% vs. 45.5%). The main effect of condition reflects
better overall recall in the sleep group than in the wake group
(48.8% vs. 35.0%), a pattern that was present in both the forget
condition (48.0% vs. 28.5%), t(62) � 5.23, p � .001, d � 1.10,
and the remember condition (49.6% vs. 41.4%), t(62) � 2.03, p �
.047, d � 0.50. Most important, the ANOVA revealed a significant
interaction of condition and cue, F(1, 124) � 4.23, MSE � 242.61,
p � .042, �2 � .03, indicating that target recall was differently
affected by cue depending on whether the participants slept or
stayed awake during the delay interval. Consistently, in compari-
son to the remember cue, the forget cue impaired target recall
when participants stayed awake (28.5% vs. 41.4%), t(62) � 3.29,
p � .002, d � 0.77, but did not affect recall when participants slept
during the retention interval (48.0% vs. 49.6%), t(62) � 1. Com-
pared to the performance rates observed after the short delay, sleep
even enhanced memory performance above this baseline in the
forget condition, t(62) � 3.60, p � .001, d � 0.82, but not in the
remember condition (p � .65).2

Interim Discussion

The results provide first evidence for a critical role of sleep in
LMDF. Whereas participants in the 12-hr wake condition showed
reliable directed forgetting, participants in the 12-hr sleep condi-
tion did not and remembered the target items equally well regard-
less of whether a remember or a forget cue had originally been
provided. Successful LMDF after a delay thus may depend on
whether sleep or wakefulness follows upon encoding; when wake-
fulness follows upon encoding, the forgetting can be successful;
when sleep follows upon encoding, no such forgetting may arise.
The finding is not attributable to circadian effects, because time of

day did not affect recall performance in the short-delay condition.
These results are the first to demonstrate an attenuating effect of
sleep on LMDF. To ensure that this novel finding was not spuri-
ous, we aimed to replicate the results of the two 12-hr delay
conditions.

Replication Method

Again applying the LMDF task and assessing memory perfor-
mance for the precue items, we replicated the 12-hr wake and the
12-hr sleep conditions with a new sample of healthy participants
(n � 112; M � 22.6 years; range � 18–35 years; 23 men) and new
item material, again comprising two lists of 16 concrete nouns
each (Van Overschelde et al., 2004). Design and procedure were
identical to those of the main experiment, with the exception that
no short 20-min delay condition was included.

Replication Results

Figure 2b shows target recall after the 12-hr delay. A 2 � 2
ANOVA with the factors of condition (12-hr wake, 12-hr sleep)
and cue (forget, remember) showed significant main effects of

2 We also analyzed the occurrence of intrusion errors (i.e., cases in
which participants recalled List 2 items when asked to recall List 1 items).
The corresponding number of intrusion errors was generally low (M �
0.56, SD � 0.95), and there were no differences between sleep and wake
or between forget and remember conditions (ps � .17). Similarly, number
of extralist intrusions (i.e., cases in which participants falsely recalled
unstudied items when asked to recall List 1 items) was generally low (M �
1.45, SD � 1.83), and there were also no differences between sleep and
wake or forget and remember conditions (ps � .25).

Table 1
Mean Target Recall in the Short-Delay Condition of the Main
Experiment as a Function of Time of Day (a.m., p.m.) and the
Items’ Memory Status (to Be Remembered, to Be Forgotten)

Memory status

Short-delay condition

a.m p.m Combined

To be remembered 47.7 (4.5) 47.7 (5.6) 47.7 (3.5)
To be forgotten 32.0 (5.4) 31.3 (4.7) 31.6 (3.5)

Note. Standard errors are displayed in parentheses.

Figure 2. Mean percentage of predefined target items recalled as a function
of condition (wake, sleep) and the items’ memory status (to be remembered,
to be forgotten). (a) Performance in the 12-hr delay conditions of the main
experiment (12-hr wake, 12-hr sleep); (b) performance in the 12-hr delay
conditions of the replication study (12-hr wake, 12-hr sleep). Error bars
represent standard errors. � p � .05. �� p � .01. ��� p � .001.
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condition, F(1, 108) � 25.50, MSE � 376.93, p � .001, �2 � .19,
and of cue, F(1, 108) � 6.22, MSE � 376.93, p � .014, �2 � .05.
The main effect of cue reflects directed forgetting of the precue
items (39.1% vs. 48.2%). The main effect of condition reflects
better overall recall in the sleep group than in the wake group
(52.9% vs. 34.4%); this sleep-associated benefit was present in the
forget condition (52.2% vs. 25.9%), t(54) � 5.16, p � .001, d �
1.14, and also in the remember condition (53.6% vs. 42.9%), t(54) �
2.03, p � .047, d � 0.53. Most important, a significant interaction of
condition and cue again emerged, F(1, 108) � 4.53, MSE � 376.93,
p � .036, �2 � .04, which indicates that target recall was differently
affected by cue depending on whether the participants slept or stayed
awake during the delay interval. Consistently, in comparison to the
remember cue, the forget cue impaired target recall when participants
stayed awake (25.9% vs. 42.9%), t(54) � 3.68, p � .001, d � 0.89,
but did not affect recall when participants slept during the delay
(52.2% vs. 53.6%), t(54) � 1.

Discussion

Our goal in the present study was to examine whether sleep
affects LMDF. Two findings stand out. First, the results of both
data sets demonstrate that LMDF can be lasting. Participants in the
12-hr wake conditions recalled fewer precue items in response to
a forget cue than in response to a remember cue, thus demonstrat-
ing successful LMDF. This finding critically extends prior work on
LMDF that to date has studied LMDF with very short delay
intervals of a few minutes only (see MacLeod, 1998). Second, the
results from both data sets show that LMDF after a delay can be
modulated by sleep. Whereas forgetting of precue items arose after
a long wake delay, the forgetting was absent if participants slept
during the delay interval. This finding indicates that sleep plays a
critical role in LMDF and can reduce or even eliminate LMDF.

The present results on the role of sleep in LMDF contrast with
the results of two recent studies on the role of sleep in IMDF.
Whereas these recent studies reported greater IMDF after sleep
(Rauchs et al., 2011; Saletin et al., 2011), we found LMDF to be
eliminated after sleep. It has been suggested that IMDF is mediated
by differential rehearsal (Bjork, 1972), whereas LMDF reflects
impaired context access (Geiselman et al., 1983; Sahakyan &
Kelley, 2002). The different role of sleep in the two directed
forgetting tasks thus may point to a crucial role of contextual
information for the elimination of LMDF after sleep, suggesting
that sleep may counteract impaired context access. Consistently,
recent work on the role of sleep for context-dependent memory
found sleep, in comparison to wakefulness, to reduce the influence
of environmental context cues at test (Cairney et al., 2011).

The present result of an elimination of LMDF after sleep mimics
the recent finding of an elimination of LMDF by means of selec-
tive memory retrieval (Bäuml & Samenieh, 2010). In this prior
work employing the LMDF task, participants studied two item lists
and after study of the second list were asked to recall four pre-
defined target items from the first list. Testing differed in whether
participants were asked to retrieve the target items first or after
guided cued recall of four, eight, or 12 of the list’s remaining
(nontarget) items. The results showed that, as more and more of
the nontarget items were previously retrieved, target recall de-
creased linearly in the remember condition but increased linearly
in the forget condition. The finding is consistent with the view that

guided cued recall of some of a list’s to-be-forgotten items can
reactivate the items’ original encoding context and thus improve
recall of the remaining list items (Bäuml & Samenieh, 2012b).
Because sleep-associated memory consolidation is generally at-
tributed to the reactivation of memory traces during sleep (e.g.,
Diekelmann & Born, 2010), the present finding may suggest that
sleep reactivates at least some of the to-be-forgotten items. This
reactivation may revive the remaining obsolete memories, in a
manner similar to how guided cued recall of some of the to-be-
forgotten items does in wake. The present results are silent on the
adequacy of this view, but future work may address the issue in
more detail.

The present finding that, in LMDF, mainly irrelevant (to-be-
forgotten) memory content benefits from sleep contrasts with
recent work indicating that sleep consolidates mainly relevant
(to-be-remembered) memory content. In this prior work, partici-
pants studied and retrieved material before they were informed
about whether it would be of relevance for the next day (Wilhelm
et al., 2011); participants were not explicitly instructed to forget
the irrelevant material. No further material (i.e., no second list)
was encoded after the irrelevance information was provided, a
procedure that typically does not create forgetting of outdated
memories (Gelfand & Bjork, 1985; Pastötter & Bäuml, 2007,
2010). Consistently, forgetting of the precue items was present
after wakefulness in the present study but was absent in the
previous study (Wilhelm et al., 2011). The difference in results
between studies thus may indicate that memory consolidation of
outdated memories depends on whether the memories were suc-
cessfully forgotten before.

In LMDF experiments, list items are typically presented once,
whereas in the present study, the items of both lists were presented
twice to prevent possible floor effects. One might like to argue that
the multiple study cycles prior to presentation of the forget cue left
a weak trace of relevance for those memories and that the similar
recall levels in the two cue conditions after sleep were due to sleep
strengthening these somewhat weakened items (e.g., Drosopoulos
et al., 2007; Scullin & McDaniel, 2010). At least two arguments
speak against such a view, however. First, multiple study cycles
have been found to increase the lists’ recall levels but to not affect
the magnitude of the LMDF effect (Sahakyan, Delaney, & Wal-
dum, 2008). Consistently, LMDF was observed after both the short
delay and the 12-hr wake delay conditions of the present study.
Second, although the assumption that number of study cycles may
be related to perceived relevance may appear intuitive at first
glance, the results from prior work suggest otherwise. Wilhelm et
al. (2011) trained participants to a 60% learning criterion across
multiple study cycles (resulting in higher recall levels than we
observed in the present study), but the studied items could still be
perceived as irrelevant. These findings challenge the view that
presenting list items twice triggered processes related to future
relevance in the present study.

There is a long-standing debate in the literature on memory and
sleep about how sleep benefits memories. The classic view is that
sleep merely provides a passive protection from interference. Fol-
lowing this view, memory is better after sleep than after wake
because new and potentially interfering learning takes place during
wakefulness but hardly occurs during sleep (e.g., Jenkins & Dal-
lenbach, 1924; Wixted, 2004). In contrast, more recent proposals
suggest that sleep actively contributes to memory consolidation,
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through neurobiological processes occurring during specific sleep
stages (for a discussion, see Ellenbogen, Payne, & Stickgold,
2006). Our data are more consistent with the proposal of an active
than a passive role of sleep, because a higher benefit of sleep was
observed in the forget than in the remember condition, and because
sleep even enhanced performance in the forget condition above
short-delay baseline. If sleep merely protected memories from
incidental interference arising during wakefulness, its associated
benefit should have affected memories in the two cue conditions
similarly and should not have enhanced performance in the forget
condition above baseline. The present results thus are consistent
with the view that memory contents are reactivated during sleep
(e.g., Diekelmann & Born, 2010), although the results do not
exclude the action of other sleep-related processes (e.g., Axm-
acher, Draguhn, Elger, & Fell, 2009; Mednick, Cai, Shuman,
Anagnostaras, & Wixted, 2011; Tononi & Cirelli, 2006).

Although the main focus of the present study was on the role of
sleep for LMDF, an interesting side result of the study is that
LMDF does not vanish during a 12-hr wake interval. This finding
is new and of potential interest for theoretical accounts of LMDF.
As explained above, the retrieval inhibition account attributes the
forgetting to inhibitory action, however, without being explicit on
whether the inhibitory effect should persist or vanish as time
passes. The context-change account of LMDF attributes the for-
getting to a mismatch between the context during study and the
context at test, supposedly induced by a change in participants’
internal context in response to the forget cue. On the basis of this
view, one might like to argue that, after a longer wake delay, the
change in context in the remember condition should gradually
approximate the change in context in the forget condition, so that
the forgetting effect should be reduced, or even be eliminated, after
longer delay. Future work may study the role of delay in LMDF in
more detail and find such data useful to evaluate, complement, or
modify theoretical accounts of LMDF.
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