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Numerous studies of retrieval-induced forgetting have shown that the selective retrieval of some studied
items can impair recall of other nonretrieved items. Varying the lag between study and selective retrieval
and using lists of unrelated items as study material, recent work replicated this detrimental effect when
the lag between study and selective retrieval was short but reported a beneficial effect of selective
retrieval when the lag was long. Here we report the results of 4 experiments in which we examined the
influence of lag (3 min vs. 24 hr) for the effects of selective retrieval in categorized lists. When
the selectively retrieved and the nonretrieved items shared the same categories (Experiments 1 and 2), we
found detrimental effects of selective retrieval regardless of lag between study and selective retrieval. In
contrast, when the selectively retrieved and the nonretrieved items belonged to different categories
(Experiments 3 and 4), the effects of selective retrieval varied with lag, showing a neutral effect after the
short lag and a beneficial effect after the longer lag. A 2-factor explanation is provided that assumes
critical roles in selective retrieval of (a) inhibition and blocking and (b) context retrieval. This account
captures the present findings as well as the recent results on the effects of selective retrieval with lists of
unrelated items.
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Since Anderson, Bjork, and Bjork’s (1994) seminal work on
retrieval-induced forgetting, numerous studies in the literature
have shown that selective retrieval of some studied items can
impair recall of nonretrieved items. This recall impairment is a
very general effect and has been demonstrated over a wide range
of materials and experimental settings (for recent reviews, see
Bäuml & Kliegl, 2017; Storm et al., 2015). Regarding the possible
roles of delay between study and selective retrieval on the one
hand and between selective retrieval and test on the other hand,
this literature includes a number of studies in which the influence
of retention interval—the delay between selective retrieval and
test—on the effects of selective retrieval has been examined (Abel
& Bäuml, 2014; Chan, 2009; MacLeod & Macrae, 2001; Storm,
Bjork, & Bjork, 2012). But the possible role of lag—the delay

between study and selective retrieval—on the effects of selective
retrieval has mostly been ignored. Indeed, in nearly all studies in
the literature, the lag between study and selective retrieval was
relatively short or absent altogether. Prolonged lag between study
and selective retrieval, however, can change context and thus
reduce the contextual overlap between study and selective retrieval
(Bower, 1972; Estes, 1955). Different cognitive mechanisms might
therefore operate after short versus longer lag, inducing different
effects of selective retrieval on nonretrieved items.

Indeed, a few recent studies have examined the effects of
selective retrieval when lag between study and selective retrieval
was prolonged, using lags of up to 48 hr (for an overview, see
Bäuml, 2019). These studies found selective retrieval to improve,
rather than to impair, recall of nonretrieved items, suggesting that
lag can have a drastic influence on the effects of selective retrieval.
To date, these beneficial effects of selective retrieval have mostly
been reported for lists of unrelated items, with hardly any inves-
tigation of whether the effects may arise for other types of mate-
rials as well. This is a critical shortcoming because most work on
the effects of selective retrieval in the literature has been con-
ducted with categorized lists of items and, as will be explained
below, it is unclear whether the results with lists of unrelated items
will generalize to categorized lists. This holds even more because,
with categorized lists, effects of selective retrieval can be exam-
ined in two very different ways: when the selectively retrieved and
the nonretrieved items share the same category (within-category
retrieval practice), and when the selectively retrieved and the nonre-
trieved items belong to different categories (between-categories re-
trieval practice).
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It is the first goal of the present study to fill this empirical gap
and to examine the role of lag for the effects of selective retrieval
with categorized material both when selective retrieval is con-
ducted within category and when it is conducted between catego-
ries. Regarding theoretical accounts of the effects of selective
retrieval, explanations of the detrimental effect of selective re-
trieval often have highlighted the role of inhibition and blocking
(Anderson, 2003; Raaijmakers & Jakab, 2012) and explanations of
the beneficial effect have highlighted the role of context retrieval
(Bäuml, 2019). It is the second goal of the present study to
improve our understanding of the circumstances under which the
two types of cognitive mechanisms contribute to the effects of
selective retrieval, thus providing an explanation for why under
certain circumstances selective retrieval seems to be detrimental
and under other circumstances it seems to be beneficial for non-
retrieved items.

Detrimental and Beneficial Effects of
Selective Retrieval

The evidence that selective retrieval of some studied items can
impair recall of nonretrieved items has mostly arisen from studies
that used the retrieval-practice task (for a review of the evidence
arising from the output-interference task, see Roediger & Neely,
1982). In this task, subjects study a list of items, then repeatedly
retrieve a subset of the items, and later at test are asked to recall all
studied items. The typical finding in this task has been that,
relative to an appropriate control condition, selective retrieval
improved recall of the retrieved items but impaired recall of the
nonretrieved items; this recall impairment reflects the effect of
retrieval-induced forgetting (Anderson, Bjork, & Bjork, 1994;
Anderson & Spellman, 1995; for a recent meta-analysis, see Mu-
rayama, Miyatsu, Buchli, & Storm, 2014). Retrieval-induced for-
getting is usually attributed to inhibition or blocking processes.
According to the inhibition account, the nonretrieved items inter-
fere during selective retrieval and are inhibited to reduce the
interference (Anderson, 2003). According to the blocking account,
selective retrieval strengthens the memory representation of the
retrieved items, which then at test block recall of the weaker
nonretrieved items (Raaijmakers & Jakab, 2012). Inhibition and
blocking have also been suggested to operate in concert to create
this detrimental effect of selective retrieval (see Anderson & Levy,
2007; Bäuml, 2008; Rupprecht & Bäuml, 2016, 2017; Schilling,
Storm, & Anderson, 2014; for another, context-based account of
retrieval-induced forgetting, see Jonker, Seli, & MacLeod, 2013).

Retrieval-induced forgetting has been reported over a wide
range of materials, including visual and verbal stimuli, lists of
unrelated items and of categorized items, and also more complex
study materials. Similarly, it has been reported across a wide range
of experimental settings (see Bäuml & Kliegl, 2017; Storm et al.,
2015). In nearly all of these studies, however, the lag between
study and selective retrieval was fairly short. Indeed, either selec-
tive retrieval immediately followed the study phase of the exper-
iment (e.g., Anderson et al., 1994; Jonker et al., 2013; Román,
Soriano, Gómez-Ariza, & Bajo, 2009), or the lag between study
and selective retrieval was on the order of only few minutes,
mostly filled with simple counting or calculation tasks to minimize
the possible contribution of short-term memory (STM) during
selective retrieval (e.g., Bäuml, 2002; Cuc, Koppel, & Hirst, 2007;

Hicks & Starns, 2004). More recent work now indicates that lag
between study and selective retrieval can influence the effects of
selective retrieval. Using lists of unrelated items as study material,
Bäuml and colleagues (Abel & Bäuml, 2015; Aslan, Schlichting,
John, & Bäuml, 2015; Bäuml & Dobler, 2015; Bäuml & Schlicht-
ing, 2014) demonstrated that selective retrieval can be both detri-
mental and beneficial for the recall of the nonretrieved items,
depending on lag. The results showed that when lag between study
and selective retrieval was relatively short (between 60 s and 4
min), selective retrieval impaired recall of the nonretrieved items,
whereas when lag was longer (between 30 min and 48 hr), selec-
tive retrieval improved recall performance.

Lag between study and retrieval influences the contextual over-
lap between the two experimental phases. Indeed, when we encode
material, we also store information about the temporal context in
which the material is encountered (Howard & Kahana, 2002;
Raaijmakers & Shiffrin, 1981). But temporal context—the current
pattern of activity in an individual’s mind that, among others, can
be influenced by environmental as well as internal factors—
changes gradually over time (Bower, 1972; Estes, 1955), so that
the context at retrieval often differs more from the context at study
when lag is long, which can impair recall of target information.

There are a number of ways in which contextual mismatches
between study and retrieval can be overcome or can at least be
reduced. For instance, the mismatch can be reduced by reexposing
critical context features that were present during study, like video-
recorded scenes of real environments (Smith, 1985; Smith &
Manzano, 2010), or by deliberate mental context reinstatement,
when subjects are asked to mentally reinstate the original study
environment (Jonker et al., 2013; Sahakyan & Kelley, 2002). But
retrieval can also help itself when the contextual overlap between
study and retrieval is reduced. Indeed, a retrieved item can reac-
tivate its study context, which then serves as a retrieval cue for the
recall of other studied items, thus improving recall performance
(Polyn & Kahana, 2008). Evidence for such context retrieval has
arisen from a wide range of recall findings, including the recency
effect (i.e., the enhanced recall of end-of-list items in immediate
free recall) and the contiguity effect (i.e., the tendency to succes-
sively recall neighboring list items; e.g., Howard & Kahana, 1999;
Kahana, 1996; see also Polyn & Kahana, 2008).

Suggesting context retrieval as the cognitive mechanism under-
lying the beneficial effect of selective retrieval, Bäuml and col-
leagues explained the pattern of detrimental and beneficial effects
of selective retrieval by means of a two-factor account of selective
retrieval (Bäuml & Samenieh, 2012; Bäuml & Schlichting, 2014).
This account assumes that selective retrieval generally triggers two
types of processes: (a) inhibition and blocking and (b) context
retrieval. The relative contributions of the two types of processes
are hypothesized to depend on the contextual overlap between
study and selective retrieval. When the contextual overlap is
high—as may occur after a short lag between study and selective
retrieval—interitem interference is often high and mainly inhibi-
tion and blocking operate; there is not much need for context
retrieval. When the contextual overlap is low—as may occur after
a longer lag—mainly context retrieval operates, whereas inhibition
and blocking may be reduced due to attenuated interitem interfer-
ence; indeed, increased lag between study and retrieval has been
found to reduce the size of people’s mental search set during
retrieval (Kliegl, Carls, & Bäuml, in press), a finding which points
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to reduced interitem interference with increasing lag (e.g., Rohrer,
1996). The account then assumes that the differences in relative
contributions of the two types of processes create the pattern of
detrimental and beneficial effects of selective memory retrieval—a
detrimental effect after short lag and a beneficial effect after
prolonged lag.

Selective Retrieval in Categorized Lists

To date the pattern of detrimental and beneficial effects of
selective retrieval has mainly been shown for lists of unrelated
items, whereas most work on the effects of selective retrieval has
been conducted with categorized lists and has emphasized detri-
mental effects. In the experiments with categorized lists, subjects
studied category-exemplar pairs (e.g., spice–vanilla, spice–basil,
instrument–cello, instrument–tuba) and were then asked to selec-
tively retrieve a subset of the studied items from a subset of the
studied categories when provided with the exemplars’ category
labels and unique word stems as retrieval cues (e.g., spice–ba___).
At test, the category labels were reexposed and subjects were then
asked to recall the studied items when provided with the items’
unique initial letters as additional retrieval cues (e.g., spice–v____,
instrument–t____). The focus in nearly all of these experiments
was on the effects of selective retrieval on the recall of the
practiced categories’ nonretrieved items, which is referred to as
within-category retrieval practice in the following. The critical
finding has been that selective retrieval impaired recall of the
practiced categories’ nonretrieved items (spice–vanilla), relative to
recall of the (control) items from the unpracticed categories
(instrument–tuba), thus demonstrating retrieval-induced forget-
ting.

There is only one study in the literature which also examined the
effects of selective retrieval on the recall of the nonretrieved items
from the unpracticed categories, which is referred to as between-
categories retrieval practice in the following. In this study, Shaw,
Bjork, and Handal (1995) investigated the potential impact of
repeated questioning of a witness, showing subjects slides depict-
ing the aftermath of a theft. Subjects were then asked to retrieve
selected details of what they saw. Results showed that information
that bore a categorical similarity to the selectively retrieved
items—which in a simple categorized list could be vanilla if basil
was selectively retrieved—became less recallable at test, which
replicates the presence of retrieval-induced forgetting in a within-
category retrieval practice situation; in contrast, recall of informa-
tion that did not bear such a similarity—which in a simple cate-
gorized list could be tuba if basil was selectively retrieved—was
not affected, relative to a baseline condition in which subjects did
not engage in any retrieval practice at all. The absence of the
forgetting effect when the categorical similarity between selec-
tively retrieved and nonretrieved items is low is consistent with the
assumption of a generally low level of interference between items
from different categories (e.g., Rundus, 1973). Because of this low
interference level, the effects of inhibition and blocking should be
small and may not be sufficient to induce forgetting in between-
categories retrieval practice situations.

Nearly all of the findings on the effects of selective retrieval
with categorized lists—a detrimental effect when retrieval practice
was conducted within category and a neutral effect when it was
conducted between categories—emerged under conditions in

which the lag between study and selective retrieval was relatively
short or absent altogether (see above). The question therefore
arises whether a longer lag will influence the effects of selective
retrieval and, if so, whether it will induce the same beneficial
effects after long lag as have recently been reported for lists of
unrelated items.

Possible Expectations Regarding the Role of Lag in
Categorized Lists

Following the results on the effects of lag between study and
selective retrieval with unrelated lists and given the two-factor
account of these effects, a first expectation regarding the effects of
lag in categorized lists might be that the effects observed with
unrelated lists directly generalize to categorized lists. Critically,
also with categorized lists, prolonged lag between study and se-
lective retrieval should reduce the contextual overlap between the
two experimental phases and context retrieval might then operate
during selective retrieval, reinstating the study context. Regarding
the within-category retrieval practice effect, this would mean that,
when the lag between study and selective retrieval is short, the
relative contributions of inhibition and blocking should be larger
than that of context retrieval, inducing a detrimental effect of
within-category retrieval practice. In contrast, when selective re-
trieval is lagged, the relative contribution of context retrieval
should be larger than that of inhibition and blocking, inducing a
beneficial effect of within-category retrieval practice. Regarding
the between-categories retrieval practice effect, the roles of inhi-
bition and blocking should generally be small given the low level
of interference between items from different categories, inducing a
neutral effect of between-categories retrieval practice when the lag
between study and selective retrieval is short. When the lag is long,
however, between-categories retrieval practice may also trigger
context retrieval and thus induce a beneficial effect of selective
retrieval (see Table 1). Thus, with regard to both within-category
and between-categories retrieval practice, selective retrieval might
improve recall performance when selective retrieval is lagged,
which would parallel the results with lists of unrelated items.

A second, different expectation regarding possible effects of
lagged selective retrieval in categorized lists takes into account
that reexposure of category labels during selective retrieval may
already reinstate study context. Because in a typical experiment on
selective retrieval, the category labels that are presented as re-
trieval cues during selective retrieval are associated to one exper-
imental context—the study context—only, reexposure of the cat-
egory labels at retrieval may more or less routinely reactivate study
context (Jonker et al., 2013, p. 855). If so, even when selective
retrieval is lagged, the contextual overlap between study and
selective retrieval may be relatively high with categorized lists,
which would reduce the need for (further) context retrieval.

Inclusion of the assumption that category labels reinstate study
context into the two-factor explanation of the effects of selective
retrieval changes expectations for lagged retrieval. Regarding
within-category retrieval practice, the context reinstatement in-
duced by the category labels should lead to a revival of interitem
interference and a minor need for context retrieval as induced by
selective retrieval. The relative contributions of inhibition and
blocking on the one hand and of context retrieval on the other
should thus be relatively close to those for unlagged selective
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retrieval and lead to a detrimental—rather than a beneficial—
effect of selective retrieval. Regarding between-categories re-
trieval practice, the context reinstatement induced by the category
labels should also limit context retrieval. However, because tech-
niques to reinstate study context when the contextual overlap has
been reduced seldom lead to perfect context reinstatement (see
Sahakyan & Kelley, 2002; Smith & Manzano, 2010), the context
reinstatement induced by the category labels may also be incom-
plete and may leave room for context retrieval. Given that the
contributions of inhibition and blocking to recall should be low in
this type of situation (see above), this context retrieval may be
sufficient to induce a (small) beneficial effect of selective retrieval
(see Table 1). Following this rationale, within-category retrieval
practice may thus induce a detrimental effect and between-
categories retrieval practice a (small) beneficial effect on nonre-
trieved items when selective retrieval is lagged.

The Present Study

In a series of four experiments, this study examined the influ-
ence of lag between study and selective retrieval on the effects of
selective retrieval in categorized lists, both when retrieval practice
was conducted within categories (i.e., when the selectively re-
trieved and the nonretrieved items belonged to the same catego-
ries) and when it was conducted between categories (i.e., when the
nonretrieved items belonged to other categories than the practiced
items). Experiments 1 and 2 examined the effects of selective
retrieval for within-category retrieval practice. In each of the two
experiments, subjects studied category-exemplar pairs (e.g., spice–
basil, spice–vanilla, instrument–cello, instrument–tuba) and then,
after a short lag of 3 min or a longer lag of 24 hr, either repeatedly
retrieved half of the items of each single category (e.g., spice–
ba___, instrument–tu___; retrieval practice present), or retrieved
no items at all (retrieval practice absent). At test, subjects in both
conditions were asked to recall all studied items, beginning with
those items that were not subject to retrieval practice in the
intermediate phase (e.g., spice–v___, instrument–c___); these
items are referred to as the target items in the following (see
Figure 1A).1

On the basis of prior work on the effects of selective retrieval,
we expected the typical detrimental effect of selective retrieval for
the target items when the lag between study and selective retrieval
was short. Expectations when the lag was long depended on the

suggested role of the category labels for context reinstatement. If
the category labels did not induce much context reinstatement,
then, according to the two-factor account, selective retrieval
should later trigger context retrieval and induce a beneficial effect
on the target items. In contrast, if the category labels reinstated
study context, then selective retrieval should not show such ben-
eficial effect and, due to inhibition and blocking, might even
impair recall of the target items, thus replicating the detrimental
effect that is expected when the lag between study and selective
retrieval is short.

Experiments 3 and 4 examined the effects of selective retrieval
for between-categories retrieval practice. In each of the two ex-
periments, subjects studied category-exemplar pairs (e.g., spice–
basil, spice–vanilla, instrument–cello, instrument–tuba) and then,
after a short lag of 3 min or a longer lag of 24 hr, repeatedly
retrieved all items from half of the categories (e.g., spice–ba___,
spice–van___; retrieval practice present), or retrieved no items at
all (retrieval practice absent). At test, subjects in both conditions
were asked to recall all studied items, again beginning with those
(target) items that were not subject to retrieval practice in the
intermediate phase (e.g., instrument–t___; instrument–c___; see
Figure 1B).

Following Shaw et al. (1995), we expected to find a neutral
effect of selective retrieval when the lag between study and selec-
tive retrieval was short. In contrast, we expected a beneficial effect
of selective retrieval when the lag was long. Expectations on the
possible size of the beneficial effect depended on whether category
labels already reinstated context. If the category labels induced no
such reinstatement, the beneficial effect should be roughly com-
parable to the beneficial effect observed with lists of unrelated
items and be of medium or even large size (e.g., Bäuml & Dobler,
2015; Bäuml & Schlichting, 2014). In contrast, if the category
labels did induce context reinstatement, there should be a reduced
need for further context retrieval and the beneficial effect of
selective retrieval should be of small size only. As a whole, the

1 In prior work on within-category retrieval practice, usually some of the
items of some of the categories were selectively retrieved, and the items
from the remaining unpracticed categories served as a control (e. g.,
Anderson et al., 1994). In the present experiments, a separate no-retrieval-
practice condition was used as a control. With this choice, it can be
excluded that recall of the control items can be influenced by the prior
retrieval of items from the practiced categories (see also below).

Table 1
Overview of Expectations Regarding the Role of Lag for the Effects of Selective Retrieval in Categorized Lists

Type of retrieval
practice Short lag

Long lag when category labels do not
reinstate context

Long lag when category labels
reinstate context

WC-RP
Mechanisms High contributions of inhibition and

blocking, lower contribution of
context retrieval

High contribution of context retrieval,
lower contributions of inhibition
and blocking

High contributions of inhibition and
blocking, lower contribution of
context retrieval

Effect Detrimental effect Beneficial effect Detrimental effect
BC-RP

Mechanisms Low contributions of inhibition,
blocking, and context retrieval

High contribution of context retrieval,
low contributions of inhibition and
blocking

Moderate contribution of context
retrieval, low contributions of
inhibition and blocking

Effect Neutral effect Beneficial effect (Small) beneficial effect

Note. WC-RP � within-category retrieval practice; BC-RP � between-categories retrieval practice.
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results of the four experiments will provide important information
on the role of lag between study and selective retrieval for the
effects of selective retrieval in categorized lists, with regard to both
within-category and between-categories retrieval practice. This
information will improve our understanding of the circumstances
under which selective retrieval is detrimental and under which
selective retrieval is beneficial for other memories.

Experiment 1

Experiment 1 examined the effects of lag for within-category
retrieval practice. Participants studied a list of 20 category-
exemplar pairs, with 10 items from each of two semantic
categories. After a short lag of 3 min or a prolonged lag of 24
hr, half of the participants selectively retrieved half of the
studied exemplars of each of the two categories (retrieval
practice present)—these practiced items are referred to as the
nontarget items in the following—whereas the other half of the
participants solved unrelated distractor tasks for the same du-
ration of time (retrieval practice absent). At test, subjects were
cued to recall all studied items, with the (unpracticed) target
items being recalled first and the (practiced) nontarget items
being recalled second (see again Figure 1A).

To our knowledge, there is only one experiment in the literature
in which the effects of lag between study and selective retrieval for
within-category retrieval practice effects were examined to date.
Using an impression formation task, MacLeod and Macrae (2001;

Experiment 2) showed participants personality characteristics of
two men before participants were asked to retrieve half of the
personality traits of one of the two characters, either immediately
after study or after a lag of 24 hr. After retrieval practice, a final
cued-recall test took place, in which participants tried to recall all
the personality traits that they had previously seen. The results
showed the expected forgetting effect when lag between study and
selective retrieval was short; that is, recall of the unpracticed traits
from the practiced person was impaired relative to recall of the
unpracticed traits from the unpracticed person. When lag was long,
the forgetting was numerically reduced—6% versus 14% with
unlagged practice—but remained significant, indicating that the
sheer presence of the forgetting may not depend on lag.

MacLeod and Macrae (2001) followed prior studies on retrieval-
induced forgetting and used recall of the personality traits from
the unpracticed character as a control to measure the effects of
within-category retrieval practice. This procedure appears ap-
propriate in the condition when lag between study and selective
retrieval was short (see Shaw et al., 1995) but may no longer be
appropriate when lag was long. In such case, recall of the
control traits might have benefitted from context retrieval in-
duced by the prior selective retrieval of the traits of the prac-
ticed character. If so, recall levels of the control traits might
have been overestimated and thus have indicated a detrimental
effect that would no longer be present when a no-retrieval-
practice control condition was employed. To avoid this poten-

Study phase

SPICE – basil

INSTRUMENT - cello

INSTRUMENT - tuba

SPICE – vanilla

…

Test phase

INSTRUMENT – c__

SPICE – v____

…

Target items Nontarget items

INSTRUMENT – tu___

SPICE – ba____

…

63 + 70 + 81 =

23 + 89 + 24 =

…

or

3 min

or

24 hrs

Intermediate phase

SPICE – b___

INSTRUMENT – t___

…

A

Study phase

SPICE – basil

INSTRUMENT - cello

INSTRUMENT - tuba

SPICE – vanilla

…

Test phase

INSTRUMENT – t__

INSTRUMENT – c___

…

Target items Nontarget items

SPICE – ba____

SPICE – van____ 

…

63 + 70 + 81 =

23 + 89 + 24 =

…

or

3 min

or

24 hrs

Intermediate phase

SPICE – v____

SPICE – b____

…

B

Figure 1. A: Procedure and conditions employed in Experiments 1 and 2 (within-category retrieval practice).
Participants studied a list of category-exemplar pairs. After a lag of 3 min or 24 hr, half of the participants
engaged in two retrieval practice cycles of half of the exemplars from each single category. The other half of the
participants solved arithmetic problems as a control. At test, participants were asked to recall first the unpracticed
(target) items and then the practiced (nontarget) items. B: Procedure and conditions employed in Experiments
3 and 4 (between-categories retrieval practice). Participants studied a list of category-exemplar pairs. After a lag
of 3 min or 24 hr, half of the participants engaged in two retrieval practice cycles of all exemplars from half of
the studied categories. The other half of the participants solved arithmetic problems as a control. At test,
participants were asked to recall first the unpracticed (target) items and then the practiced (nontarget) items.

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.
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tial problem, the experiments in the present study used such a
no-retrieval-practice control condition.

Method

Participants. Eighty students of Regensburg University par-
ticipated in the experiment (M � 20.74 years, range � 18–30
years, 83.8% female). They were equally distributed across the two
between-subjects conditions, resulting in n � 40 participants in
each of the two conditions. We determined the desired sample size
based on counterbalancing purposes and the results of an analysis
of test power conducted with the G�Power program (Version 3,
Faul, Erdfelder, Lang, & Buchner, 2007). For this analysis, we set
� � .05 and � � .20 and assumed a medium effect size of retrieval
practice (d � .40; Murayama et al., 2014). All subjects spoke
German as native language and received monetary reward or
course credit for their participation.

Materials. Four study lists were constructed (A, B, C, D).
Half of the participants studied lists A and B, the other half studied
lists C and D. Each of the four lists consisted of 20 exemplars with
10 items from each of two semantic categories (list A: spices,
instruments; list B: vegetables, professions; list C: quadrupeds,
metals; list D: car components, trees). Among all items within a
category, each item had a unique initial letter. The items were
drawn from German word norms (Mannhaupt, 1983; Scheithe &
Bäuml, 1995) or were translated from English word norms (Van
Overschelde, Rawson, & Dunlosky, 2004). Regarding the words’
frequency in the norms, the four items with the highest frequencies
in each category were excluded to reduce guessing.

Design. The experiment had a 2 � 2 design with the within-
subject factor of lag (3 min, 24 hr) and the between-subjects factor
of retrieval practice (present, absent). For each participant, the
experiment consisted of two conditions that were identical apart
from materials and lag between study and retrieval practice. Order
of lags and lists were counterbalanced across participants. After
study and the subsequent lag, half of the participants were asked to
retrieve half of the items of each category (retrieval practice
present), whereas the other half of the participants performed an
unrelated distractor task for the same period of time (retrieval
practice absent). Assignment of conditions was counterbalanced as
well as which items of the categories were subject to retrieval
practice.

Procedure. Each participant completed both lag conditions,
with each condition consisting of three main phases: an initial
study phase, an intermediate phase, and a final test phase. The two
conditions were conducted on two successive days. Half of the
participants started with the short lag condition. These participants
conducted all three phases of the short lag condition on Day 1, and,
after a break, also took place in the study phase of the long lag
condition. The intermediate and test phases of this condition were
completed on Day 2. The other half of the participants started with
the long lag condition. These participants took part in the study
phase of this condition on Day 1 and completed the intermediate
and test phases of this condition on Day 2. After a break, the
participants conducted all three phases of the short lag condition
the same day.

In the study phase, participants studied category-exemplar pairs
at a 5-s rate (interstimulus interval [ISI] � 500 ms) displayed on
a computer screen. The order of the word pairs in the list was

blocked randomized, so that no more than two word pairs of the
same category were presented in succession. Doing so, we com-
piled 10 item blocks with each item block comprising one exem-
plar from each of the two categories of the list. Order of item
blocks as well as order of word pairs within the item blocks were
random. The study phase was followed by a lag of 3 min, in which
participants counted backward in steps of three from a three-digit
number in the one lag condition, or participants were disbanded
and asked to come back after 24 hr, that is, same time next day, in
the other lag condition.

In the subsequent intermediate phase, half of the participants
solved simple math tasks (addition of three two-digit numbers) for
2 min, whereas the other half of the participants retrieved half of
the exemplars (five items) from each of the two categories: the
category label and the word stem of an exemplar were presented as
retrieval cues for 5 s (ISI � 500 ms) and participants were
instructed to recall the matching exemplar from the study list
orally while the experimenter logged the data. Again, presentation
of the retrieval cues was blocked randomized. The 10 exemplars
were practiced twice in consecutive cycles. No feedback was
provided. Before the final test, participants in both conditions
counted backward in steps of three from a three-digit number for
3 min.

At test, all participants engaged in a cued-recall test, in which
they were asked to recall all previously studied items. Consistent
with prior work on the effects of selective retrieval with catego-
rized lists, recall was blocked by category. The studied items were
cued with the category label and the initial letter of the exemplar
and participants were asked to orally respond with the correspond-
ing item within 5 s (ISI � 500 ms). The experimenter recorded the
answers. In each condition, the unpracticed (target) items were
tested first and the practiced (nontarget) items second. Order of
categories and output order of target and nontarget items within a
category were random.

Results

Success rates during retrieval practice were high, with higher
recall after the short lag (92.9%) than the long lag (87.5%), t(39) �
2.22, p � .033, d � 0.53.

Figure 2A shows mean recall rates for the target items in each
single condition. A 2 � 2 analysis of variance (ANOVA) with the
between-subjects factor of retrieval practice (present, absent) and
the within-subjects factor of lag (3 min, 24 hr) showed significant
main effects of retrieval practice (59.4% vs. 68.3%), F(1, 78) �
10.89, MSE � 289.41, p � .001, �2 � 0.12, and lag (68.3% vs.
59.5%), F(1, 78) � 9.50, MSE � 313.37, p � .003, �2 � 0.11,
indicating reduced recall in the presence of retrieval practice and
reduced recall after longer lag. There was no interaction between
the two factors, F(1, 78) � 1. Consistently, planned comparisons
showed that there was a detrimental effect after both short lag
(73.0% vs. 63.3%), t(78) � 2.50, p � .014, d � 0.68, and long lag
(63.5% vs. 55.5%), t(78) � 2.07, p � .042, d � 0.45. A compar-
ison of target recall rates in the condition without retrieval practice
between the short and the long lag conditions showed significant
time-dependent forgetting (73.0% vs. 63.5%), t(39) � 2.59, p �
.013, d � 0.60.

Table 2 shows mean recall rates for the nontarget items. A 2 �
2 ANOVA with the between-subjects factor of retrieval practice
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(present, absent) and the within-subject factor of lag (3 min, 24 hr)
revealed a significant main effect of retrieval practice (82.2% vs.
58.5%), F(1, 78) � 78.24, MSE � 279.34, p � .001, �2 � 0.50,
affirming successful retrieval practice, and a marginally significant
main effect of lag (72.8% vs. 67.6%), F(1, 78) � 3.57, MSE �
294.22, p � .063, �2 � 0.04, indicating a trend toward time-
dependent forgetting. The interaction between the two factors was
not significant, F(1, 78) � 1.

Half of the participants in this experiment completed the short
lag condition first, whereas the other half completed the long lag
condition first. Lag order influenced recall performance, as is
reflected by the fact that target recall was higher when subjects
completed the short lag condition first (67.0% vs. 60.6%), F(1,
76) � 5.94, MSE � 273.78, p � .017, �2 � 0.07. Critically,
however, there was no interaction of lag order with any of the other
factors, all Fs(1,76) � 1. In addition, lists were varied and coun-
terbalanced across participants in this experiment. Yet, material
did not influence recall performance: There was no main effect of
material, and no interaction of material with any of the other
factors, all Fs(1,76) � 1.

Discussion

The results replicate prior work on retrieval-induced forgetting
by showing that, when the lag between study and selective re-
trieval is short, selective retrieval of some category exemplars can
impair recall of the same categories’ nonretrieved items (Anderson
et al., 1994). More important, the results show that the same effect
also arises when lag is prolonged, which indicates that lag may not
influence the effect of selective retrieval with categorized lists.
This finding is inconsistent with an interpretation of the two-factor
account of selective retrieval that associates a short lag between
study and selective retrieval with a high contextual overlap be-
tween the two experimental phases, and a long lag with a low
contextual overlap. Indeed, with such interpretation, within-category
retrieval practice should induce a detrimental effect after short lag
but a beneficial effect after long lag, which is not what the results
show. Rather, the results are consistent with the account if the
assumption is included that reexposure of the category labels at
retrieval reinstates study context (Jonker et al., 2013). In such case,

the long-lag situation should be roughly comparable to the short-
lag situation and a relatively high contextual overlap between
study and selective retrieval should be present in both lag condi-
tions. Following the two-factor account, the relative contributions
of inhibition and blocking should thus be high in both lag condi-
tions and induce a detrimental effect, which is what the present
results show.

The results of the experiment parallel those reported in Ma-
cLeod and Macrae (2001; Experiment 2). Using an impression
formation task, these researchers found that retrieval practice on
some previously presented personality traits of one of two char-
acters can impair later recall of that character’s other traits, both
when the lag between presentation of the traits and selective
retrieval was short and when it was long. MacLeod and Macrae
used recall of the personality traits from the second, unpracticed
character as a control to measure the effects of within-category
retrieval practice, whereas in the present experiment a no-retrieval-
practice control condition was used. The no-retrieval-practice con-
trol condition is principally the better choice to examine retrieval
practice effects after longer lag because, with this control, recall of
the control items cannot be influenced by the prior retrieval of the
items from the practiced category and thus cannot bias estimates of
the effects of selective retrieval (see above). The similarity of
results between the two studies, however, indicates that, at least
with the settings used, findings do not vary much with choice of
control condition.

Experiment 2

There were two goals with Experiment 2. One goal was to
replicate the findings of Experiment 1 with a list structure that is
more typical for prior work on the effects of selective retrieval.
Indeed, in the prior work, often study lists were used that consisted
of a larger number of categories but a smaller number of items
within categories. Accordingly, in Experiment 2, we used lists
consisting of six exemplars from each of four different categories.
The second goal was to examine the effects of selective retrieval
when the delay between the intermediate and the test phases was
eliminated. In Experiment 1, we had used a delay interval of 3 min
between the two experimental phases. Prior work, however, sug-
gests that context reactivation processes may contribute more

Table 2
Mean Nontarget Recall (Plus Standard Deviations) in
Experiments 1 and 2 as a Function of Lag Between Study and
Selective Retrieval (3 min, 24 hr) and Retrieval Practice
(Within-Category Retrieval Practice Absent, Within-Category
Retrieval Practice Present)

Experiment

3-min lag 24-hr lag

M SD M SD

Experiment 1
WC-RP absent 60.5 16.3 56.5 20.8
WC-RP present 85.5 14.5 78.8 15.4

Experiment 2
WC-RP absent 63.7 19.0 50.2 18.5
WC-RP present 86.0 13.9 83.3 13.3

Note. WC-RP � within-category retrieval practice.
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Figure 2. Results of Experiment 1(A) and Experiment 2(B), which ex-
amined the effects of within-category retrieval practice. Percentage of
recalled target items is shown as a function of lag between study and
selective retrieval (3 min, 24 hr) and retrieval practice (within-category
retrieval practice absent, within-category retrieval practice present). Error
bars represent standard errors.
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easily to recall performance when the test immediately follows
selective retrieval (Dobler & Bäuml, 2012; Polyn, Norman, &
Kahana, 2009), which raises the possibility that the results for
longer lag found in Experiment 1 may not generalize to undelayed
testing.

Method

Participants. Another 80 students of Regensburg University
participated in the experiment (M � 22.91 years, range � 18–29
years, 72.5% female). Again, all subjects spoke German as native
language and received monetary reward or course credit for their
participation.

Materials. Two study lists were constructed (A, B). Both lists
consisted of 24 exemplars with six exemplars from each of four
different semantic categories (list A: body parts, sports, profes-
sions, birds; list B: fruits, toys, flowers, furniture). Again, the items
were drawn from several different word norms (Mannhaupt, 1983;
Scheithe & Bäuml, 1995; Van Overschelde et al., 2004); each item
within a category had a unique initial letter; the four items with the
highest frequencies in each category were excluded to reduce
guessing.

Design and procedure. The design was identical to Experi-
ment 1 and the procedure followed the one used in Experiment 1,
differing only in the delay between the intermediate and test
phases. In the intermediate phase, half of the participants retrieved
half of the exemplars (three items) from each of the 4 categories (a
total of 12 items), whereas the other half of the participants
performed an unrelated distractor task. At test, in each condition,
the 12 unpracticed target items were tested first and the 12 prac-
ticed nontarget items were tested second. For both types of items,
recall was blocked by category. There was no delay between the
intermediate and test phases.

Results

Success rates during retrieval practice were high, but they were
higher after short than long lag (92.3% vs. 87.3%), t(39) � 2.28,
p � .028, d � 0.46.

Figure 2B shows mean recall rates for the target items in each
condition. A 2 � 2 ANOVA with the between-subjects factor of
retrieval practice (present, absent) and the within-subject factor of
lag (3 min, 24 hr) showed significant main effects of retrieval
practice (51.1% vs. 62.8%), F(1, 78) � 15.66, MSE � 350.40, p �
.001, �2 � 0.17, and lag (61.4% vs. 52.4%), F(1, 78) � 13.48,
MSE � 240.60, p � .001, �2 � 0.15, suggesting reductions in
recall in the presence of retrieval practice as well as after longer
lag. There was no interaction between the two factors, F(1, 78) �
1. Planned comparisons confirm these results by showing that
there was retrieval-induced forgetting after both the short lag
(54.6% vs. 68.2%), t(78) � 3.52, p � .001, d � 0.79, and the long
lag (47.5% vs. 57.3%), t(78) � 2.57, p � .012, d � 0.57. In the
condition without retrieval practice, a comparison of target recall
rates between the short and the long lag conditions showed sig-
nificant time-dependent forgetting (68.2% vs. 57.3%), t(39) �
3.22, p � .003, d � 0.70.

Table 2 shows mean recall rates for the nontarget items. A 2 �
2 ANOVA with the between-subjects factor of retrieval practice
(present, absent) and the within-subject factor of lag (3 min, 24 hr)

revealed a significant main effect of retrieval practice (84.7% vs.
57.0%), F(1, 78) � 94.56, MSE � 324.79, p � .001, �2 � 0.55,
affirming the beneficial effect of retrieval practice, a significant
main effect of lag (74.9% vs. 66.8%), F(1, 78) � 12.36, MSE �
213.73, p � .001, �2 � 0.14, reflecting time-dependent forgetting,
and a significant interaction between the two factors, F(1, 78) �
9.17, MSE � 213.73, p � .022, �2 � 0.07. Consistently, planned
comparisons showed a larger beneficial effect after the long lag,
t(78) � 5.98, p � .001, d � 2.05, than the short lag, t(78) � 5.49,
p � .001, d � 1.40.

Each participant in this experiment completed both lag condi-
tions in counterbalanced order. Lag order, however, did not influ-
ence recall performance: There was no main effect of lag order and
no interaction of lag order with any of the other factors, all
Fs(1,76) � 1.23, MSEs � 350.749, ps � .270, �2s � 0.02. In
addition, the assignment of lists to experimental blocks was coun-
terbalanced across conditions. Yet material did not influence target
recall: There was no main effect of material and no interaction of
material with any of the other factors, all Fs(1,76) � 3.26, MSEs �
338.63, ps � .075, �2s � 0.04.

Discussion

The results of Experiment 2 replicated those of Experiment 1,
both in pattern and in size. Again, there was a detrimental effect of
selective retrieval on the practiced categories’ nonretrieved items,
and again the presence of this effect did not depend on lag between
study and retrieval practice. Together with the results of Experi-
ment 1, these findings indicate that the effects with both short and
long lag do not vary much with list structure and do not depend on
delay between selective retrieval and test, at least for delay inter-
vals of up to few minutes. Like the results of Experiment 1, the
results of Experiment 2 are consistent with the two-factor account
of selective retrieval if the assumption is included that the presence
of the category labels during retrieval reinstated study context. In
such case, the results for long lag should be similar to those for
short lag and show a detrimental effect of selective retrieval in
both lag conditions, which is what the present results show.

The detrimental effect of selective retrieval found in this exper-
iment did not vary statistically with lag, although there was a slight
numerical reduction with lag (13.6% after short lag, 9.8% after
long lag). Exactly the same pattern arose in Experiment 1 and was
also present in MacLeod and Macrae’s (2001) study (see above).
The slight numerical reduction of the forgetting effect with in-
creasing lag might reflect the slightly different success rates during
selective retrieval in the two lag conditions, for instance, with a
higher success rate of 92.6% after short lag and a lower success
rate of 87.4% after long lag in Experiment 2. One may argue
therefore that if success rates had been equated perfectly between
lag conditions, the size of the detrimental effect after long lag
would have been numerically identical to that after short lag, or
would even have exceeded it in size. However, prior work on
retrieval-induced forgetting failed to find any dependence of the
size of the detrimental effect on success rate during retrieval
practice (see Murayama et al., 2014). Moreover, Storm, Bjork,
Bjork, and Nestojko (2006) reported evidence that the attempt to
retrieve, even if unsuccessful, produces the forgetting effect. These
findings suggest that the size of the detrimental effects found in the
present study would not have been much different if success rates
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had been equated, for instance, by providing stronger item-specific
cues after long lag than after short lag. Rather, the numerical
difference may indeed reflect the influence of lag.2

Experiment 3

Whereas Experiments 1 and 2 examined the effects of lag for
within-category retrieval practice, that is, when the nonretrieved
items shared the same categories as the practiced items, Experi-
ments 3 and 4 examined the effects of lag for between-categories
retrieval practice, that is, when the nonretrieved items belonged to
other categories than the practiced items. Like in Experiment 1,
participants in Experiment 3 studied a list of 20 category-exemplar
pairs, with 10 items from each of two categories. Unlike in
Experiment 1, half of the participants selectively retrieved all
studied exemplars of one of the two categories (retrieval practice
present)—these practiced items are again referred to as the non-
target items in the following—whereas the other half of the par-
ticipants solved unrelated distractor tasks for the same duration of
time (retrieval practice absent). Again, there was either a short lag
of 3 min or a prolonged lag of 24 hr between study and selective
retrieval. At test, subjects recalled the (unpracticed) target items,
that is, the items from the unpracticed category, first and the
(practiced) nontarget items second (see again Figure 1B). Like in
Experiment 1, there was a delay of 3 min between selective retrieval
and test.

Following Shaw et al. (1995), we expected to find a neutral
effect of selective retrieval when the lag between study and selec-
tive retrieval was short. Because interference between items from
different categories is typically low, the contributions of inhibition
and blocking to recall should also be low and therefore should not
induce a detrimental effect on target recall. In contrast, we ex-
pected a beneficial effect of selective retrieval when the lag be-
tween study and selective retrieval was long, assuming that, with
longer lag, context retrieval will contribute to recall performance.
This beneficial effect, however, was expected to be of small size
only. Indeed, because context reinstatement has often been found
to be incomplete (Sahakyan & Kelley, 2002; Smith & Manzano,
2010), the context reinstatement induced by category labels was
also expected to be incomplete. Context retrieval should therefore
contribute to recall performance, but the contribution should be
limited and create only a small beneficial effect. As a whole, the
effects of between-categories retrieval practice should thus differ
from those of within-category retrieval practice, after both short
and long lag between study and selective retrieval.

Method

Participants. One hundred twenty-eight students of Regens-
burg University participated in the experiment (M � 22.0 years,
range � 18–30 years, 81.3% female). They were equally distrib-
uted across the two between-subjects conditions, resulting in n �
64 participants in each of the two conditions. Like in Experiment
1, we determined the desired sample size based on counterbalanc-
ing purposes and the results of an analysis of test power conducted
with the G�Power program (Version 3; Faul et al., 2007). For this
analysis, we set � � .05 and � � .20 and assumed a relatively
small effect size of selective retrieval (d � 0.30). Again, all
participants spoke German as native language and received course
credit or monetary reward for participation.

Materials and design. Materials and design were identical to
Experiment 1.

Procedure. The procedure followed Experiment 1, with only
one major deviation: Whereas in Experiment 1, half of the partic-
ipants were asked to practice retrieval on half of the items of each
of the two categories (a total of 10 items), in Experiment 3, all
items of one of the two categories and no items from the other
category were practiced (also a total of 10 items). Order of items
within a category was random. At test, all subjects were tested on
the unpracticed target items first and the practiced nontarget items
second. Again, order of items within a category was random. In all
other aspects, Experiment 3 was identical to Experiment 1.

Results

Like in Experiments 1 and 2, success rates during retrieval
practice were high and, at least in tendency, were higher after short
than long lag (90.0% vs. 85.7%), t(63) � 1.78, p � .079, d � 0.30.

Figure 3A depicts mean recall rates for the target items in each
condition. A 2 � 2 ANOVA with the between-subjects factor of
retrieval practice (present, absent) and the within-subject factor of
lag (3 min, 24 hr) showed a significant main effect of lag (65.0%
vs. 56.7%), F(1, 126) � 13.36, MSE � 328.58, p � .001, �2 �
0.10, suggesting reduced recall after longer lag, but no main effect
of retrieval practice (62.2% vs. 59.5%), F(1, 126) � 1. There was,
however, a significant interaction between the two factors, F(1,
126) � 4.00, MSE � 328.58, p � .048, �2 � 0.03, indicating that
retrieval practice influenced target recall differently in the two lag
conditions. Planned comparisons in fact showed that although
there was no effect of retrieval practice after the short lag (65.1%
vs. 65.9%), t(126) � 1, there was a significant beneficial effect
after the long lag (60.3% vs. 53.1%), t(126) � 2.03, p � .045, d �
0.36. A comparison of target recall rates in the condition without
retrieval practice between the short and the long lag conditions
showed expected time-dependent forgetting (65.9% vs. 53.1%),
t(63) � 4.19, p � .001, d � 0.69.

Mean recall rates for the nontarget items are depicted in Table
3. ANOVA revealed a significant main effect of retrieval practice
(81.7% vs. 58.7%), F(1, 126) � 87.33, MSE � 389.264, p � .001,
�2 � 0.41, affirming the beneficial effect of practice, as well as a
marginally significant main effect of lag (72.1% vs. 68.3%), F(1,
126) � 2.75, MSE � 340.50, p � .099, �2 � 0.02, suggesting a
trend toward time-dependent forgetting. The interaction between
the two factors was not significant, F(1, 126) � 1.

Each participant ran through both lag conditions, but lag order
did not affect target recall. Indeed, there was no main effect of lag
order and no interaction of lag order with any of the other factors,
all Fs(1,124) � 1. Similarly, there was no influence of material on
target recall, all Fs(1,122) � 1.22, MSEs � 459.72, ps � .298,
�2s � 0.02.

2 Both in the present study and in the prior work by MacLeod and
Macrae (2001), the slight numerical difference in the size of the detrimental
effect between lag conditions arose when recall levels of the control items
were not taken into account. Alternatively, one may measure size of the
forgetting effect in the two lag conditions using proportion decrease—that
is, proportion of items forgotten relative to the control items’ recall levels.
As it turned out, however, the numerical differences between lag condi-
tions remained more or less unchanged by that measure.
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Discussion

The results replicated prior work on the effects of selective
retrieval in between-categories retrieval practice situations by
showing that, when the lag between study and selective retrieval
was short, selective retrieval of the items of one category left recall
of the items from the other category unaffected (Shaw et al., 1995).
More important, the results showed that the same neutral effect
was not evident when lag was increased. Rather, selective retrieval
from one category improved recall of the items from the other
category when lag was long. These findings are consistent with the
two-factor account of selective retrieval. On the basis of this
account, the neutral effect after short lag was expected because
interference between items from different categories is generally
low and inhibition and blocking should therefore contribute very
little to recall performance. The beneficial effect after long lag was
expected because, although the category labels per se should
already induce some context reinstatement, this reinstatement
should be incomplete (Sahakyan & Kelley, 2002; Smith & Man-
zano, 2010), thus leaving room for additional context retrieval as
induced by selective retrieval. The results of the experiment agree
with these expectations.

Experiment 4

Just like the goal of Experiment 2 was to replicate the results of
Experiment 1 with a different list structure than was employed in
Experiment 1 and an elimination of the delay between selective
retrieval and test, it was the goal of Experiment 4 to replicate the
results of Experiment 3 using the same types of modifications.
Participants in Experiment 4 therefore studied a list of 24 items
with six items from each of four different categories. In the
intermediate phase, half of the participants then retrieved all stud-
ied exemplars from two of the four categories, whereas the other
half solved unrelated distractor tasks for the same duration of time.
Immediately after this phase, all study items were tested with the
(target) items from the two unpracticed categories being tested first
and the (nontarget) items from the two practiced categories being
tested second. On the basis of prior work on the effects of selective
retrieval, we expected that list structure would not affect the

results, and selective retrieval would therefore induce a neutral
effect after short lag but a (small) beneficial effect after long lag.
Because, in this experiment, the test followed selective retrieval
immediately—so that context retrieval might contribute more eas-
ily to recall performance (Dobler & Bäuml, 2012; Polyn et al.,
2009)—we further expected that the beneficial effect would be at
least as large as in Experiment 3.

Method

Participants. Another 128 students of Regensburg University
participated in the experiment (M � 21.57 years, range � 18–33
years, 78.9% female). All subjects spoke German as native lan-
guage. In exchange for participation, course credit or monetary
reward was provided.

Materials and design. Materials and design were identical to
Experiment 2.

Procedure. The procedure largely followed the one used in
Experiment 3, differing only in the list structure of the material and
the delay between retrieval practice and test. In the study phase,
participants studied all 24 category-exemplar pairs, which, after a
lag of 3 min or a lag of 24 hr, was followed by the intermediate
phase. In this phase, half of the participants retrieved all exemplars
(6 items) from 2 of the 4 categories (a total of 12 items), whereas
the other half solved unrelated distractor tasks. Immediately after
this phase, all participants were asked to recall the 12 unpracticed
(target) items first and the 12 practiced (nontarget) items second,
with both target and nontarget recall being blocked by category. In
all other aspects, Experiment 4 was identical to Experiment 3.

Results

Success rates during retrieval practice were high, with higher
recall after the short lag (91.8%) than the long lag (82.2%), t(64) �
5.10, p � .001, d � 0.83.

Figure 3B shows mean recall rates for the target items in each
condition. A 2 � 2 ANOVA with the between-subjects factor of
retrieval practice (present, absent) and the within-subject factor of
lag (3 min, 24 hr) showed a significant main effect of lag (67.9%
vs. 56.9%), F(1, 126) � 34.16, MSE � 227.02, p � .001, �2 �
0.21, suggesting time-dependent forgetting, a marginally signifi-
cant main effect of retrieval practice (64.3% vs. 60.5%), F(1,

Table 3
Mean Nontarget Recall (Plus Standard Deviations) in
Experiments 3 and 4 as a Function of Lag Between Study and
Selective Retrieval (3 min, 24 hr) and Retrieval Practice
(Between-Categories Retrieval Practice Absent, Between-
Categories Retrieval Practice Present)

Experiment

3-min lag 24-hr lag

M SD M SD

Experiment 3
BC-RP absent 60.8 21.8 56.6 18.7
BC-RP present 83.4 14.5 80.0 20.5

Experiment 4
BC-RP absent 59.6 17.5 51.6 19.6
BC-RP present 83.3 12.6 76.6 16.7

Note. BC-RP � between-categories retrieval practice.
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Figure 3. Results of Experiment 3(A) and Experiment 4(B), which ex-
amined the effects of between-categories retrieval practice. Percentage of
recalled target items is shown as a function of lag between study and
selective retrieval (3 min, 24 hr) and retrieval practice (between-categories
retrieval practice absent, between-categories retrieval practice present).
Error bars represent standard errors.
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126) � 3.20, MSE � 295.33, p � .076, �2 � 0.02, suggesting a
trend toward higher recall in the presence of retrieval practice, and
a significant interaction between the two factors, F(1, 126) � 9.45,
MSE � 227.02, p � .003, �2 � 0.07, indicating that retrieval
practice affected target recall differently in the two lag conditions.
Planned comparisons showed that there was no effect of retrieval
practice after the short lag (66.9% vs. 68.9%), t(126) � 1, but that
retrieval practice enhanced target recall after the long lag (61.7%
vs. 52.1%), t(126) � 3.08, p � .003, d � 0.54. A comparison of
target recall rates in the condition without retrieval practice be-
tween the short and the long lag conditions showed significant
time-dependent forgetting (68.9% vs. 52.1%), t(63) � 6.68, p �
.001, d � 1.04.

Mean nontarget recall is shown in Table 3. ANOVA showed a
significant main effect of retrieval practice (80.0% vs. 55.6%),
F(1, 126) � 100.06, MSE � 379.23, p � .001, �2 � 0.44,
reflecting a beneficial effect of retrieval practice, and a significant
main effect of lag (71.5% vs. 64.1%), F(1, 126) � 18.93, MSE �
186.20, p � .001, �2 � 0.13, indicating time-dependent forgetting.
There was no interaction between the two factors, F(1, 126) � 1.

Finally, potential confounding factors like lag order and material
were also considered in this experiment. There was no main effect
of lag order on target recall and no interaction of lag order with any
of the other factors, all Fs(1,124) � 2.88, MSEs � 225.44, ps �
.092, �2s � 0.02. Similarly, material also did not influence target
recall: There was no main effect of material and no interaction of
material with any of the other factors, all Fs(1,124) � 1.86,
MSEs � 227.04, ps � .175, �2s � 0.02.

Discussion

The results of Experiment 4 replicated those of Experiment 3,
both in pattern and in size. Again, we found no effect of between-
categories retrieval practice after the short lag but a beneficial
effect after the long lag, which suggests an influence of lag on the
effects of between-categories retrieval practice. Together with the
results of Experiment 3, these findings suggest that there are no
major roles of list structure and delay between selective retrieval
and test for the effects of between-categories retrieval practice,
after both short and long lags between study and selective retrieval.
Like the results of Experiment 3, the results of Experiment 4 are in
line with the two-factor account of selective retrieval, on the basis
of which we had expected the observed neutral effect of selective
retrieval after short lag and the observed beneficial effect after
long lag.

General Discussion

This study examined the influence of lag between study and
selective retrieval on the effects of selective retrieval in catego-
rized lists, both when the selectively retrieved and the nonretrieved
items shared the same category (within-category retrieval practice)
and when the two types of items belonged to different categories
(between-categories retrieval practice). The results for within-
category retrieval practice showed a detrimental effect of selective
retrieval that was present after both short and long lag between
study and selective retrieval, indicating that the negative effect of
selective retrieval within category does not depend much on lag.
The results for between-categories retrieval practice showed a

neutral effect of selective retrieval after short lag and a beneficial
effect after long lag, thus pointing to an influence of lag on the
effect of selective retrieval between categories. The results there-
fore reveal differences between within-category and between-
categories retrieval practice, both after short lag and after long lag.
These differences can be captured by a two-factor explanation of
the effects of selective retrieval, as will be described next.

A Two-Factor Explanation of the Effects of Selective
Retrieval

Bäuml and colleagues suggested a two-factor account to explain
the pattern of detrimental and beneficial effects of selective re-
trieval as it has recently been reported with lists of unrelated items
as a function of lag (Bäuml & Dobler, 2015; Bäuml & Schlichting,
2014). According to this account, selective retrieval triggers two
types of processes-inhibition/blocking and context retrieval-but the
relative contributions of the two types of processes varies with the
contextual overlap between study and selective retrieval. When
the contextual overlap is high, the relative contributions of inhi-
bition and blocking are higher than of context retrieval and induce
a detrimental effect of selective retrieval; when the contextual
overlap is low, the relative contribution of context retrieval is
higher than of inhibition and blocking and induces a beneficial
effect. Obviously, the present results with categorized lists are
inconsistent with an interpretation of this account that associates a
short lag between study and selective retrieval with a high con-
textual overlap and a long lag with a low contextual overlap
between the two experimental phases. Indeed, in this case, the
prediction for within-category retrieval practice would be that the
effect of selective retrieval should be beneficial after long lag,
which is not what the results show.

The findings of the present study, however, are consistent with
the account if the assumption is included that reexposure of the
category labels at retrieval reinstates study context but the reex-
posure does not lead to a complete reinstatement (Jonker et al.,
2013; Sahakyan & Kelley, 2002; Smith & Manzano, 2010). Such
context reinstatement would make the long-lag situation roughly
comparable to the short-lag situation, creating a relatively high
contextual overlap between study and selective retrieval in both
lag conditions. With regard to within-category retrieval practice,
the assumption thus suggests that, in both lag conditions, the
relative contributions of inhibition and blocking should be larger
than of context retrieval (see Figure 4A), creating retrieval-induced
forgetting after both short and long lag, which is what the present
results show. With regard to between-categories retrieval practice,
the assumption that category labels induce incomplete context
reinstatement suggests that context retrieval should contribute to
recall performance. Because interference between items from dif-
ferent categories is generally low (Rundus, 1973; Shaw et al.,
1995), however, inhibition and blocking should influence recall
very little and thus should not mask any beneficial effects of
context retrieval (see Figure 4B). As a result, there should be a
neutral effect of selective retrieval after short lag and a (small)
beneficial effect after long lag, which is what the results show.

The results of the present experiments provide another demon-
stration that selective retrieval does not only induce detrimental
effects on nonretrieved items but can also induce beneficial effects.
Accounts of the effects of selective retrieval that focus on
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retrieval-induced forgetting and the underlying operations of inhi-
bition and blocking are therefore incomplete. Indeed, the results of
Experiments 3 and 4 show that selectively retrieving (nontarget)
items of some studied categories during retrieval practice can
create a contextual cue for recall of the (target) items from the
unpracticed categories at test. This holds although the category
labels that were present at test also provided context information
for the target items. This context information was incomplete,
however, and the selective retrieval of the nontarget items pro-
vided further context information for the target items, thus increas-
ing the items’ recall levels.

In the present experiments, the relative amount of contextual
support coming from the category labels was larger than that
induced by selective retrieval, as is indicated by the fact that the
effect of within-category retrieval practice was still detrimental
after longer lag (see Figure 4A). This pattern may not generalize to

all experiments on selective retrieval, however, and, under other
circumstances than were used in the present study, the contextual
support induced by selective retrieval may be larger than that
coming from the category labels. Although the contextual support
of the category labels may thus vary with experimental situation,
the results clearly indicate that explanations of the effects of
selective retrieval with categorized lists have to take the contribu-
tion of the category labels into account to come up with a full
explanation of the effects of selective retrieval.

Relation to Prior Work With Lists of Unrelated Items

Prior work with lists of unrelated items reported a detrimental
effect of selective retrieval after short lag and a beneficial effect
after long lag (Abel & Bäuml, 2015; Aslan et al., 2015; Bäuml &
Dobler, 2015; Bäuml & Schlichting, 2014). These findings are
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Figure 4. A two-factor explanation of the effects of selective retrieval after both short and long lag between
study and selective retrieval: Simplified depiction of the possible contributions of (a) inhibition and blocking and
(b) context retrieval (high, low) to recall as a function of the contextual overlap between study and selective
retrieval (high, low). The suggested locations of short-lag and long-lag conditions are depicted for four different
experimental conditions. A: Categorized lists when the selectively retrieved and the nonretrieved items share the
same categories (within-category retrieval practice) and category labels during retrieval induce (incomplete)
context reinstatement. B: Categorized lists when the selectively retrieved and the nonretrieved items belong to
different categories (between-categories retrieval practice) and category labels during retrieval induce (incom-
plete) context reinstatement. C: Lists of unrelated items when there is no mental context reinstatement before
retrieval starts. D: Lists of unrelated items when there is prior mental context reinstatement. When the relative
contributions of inhibition and blocking are larger than that of context retrieval, selective retrieval induces a
detrimental effect; when the relative contribution of context retrieval is larger than those of inhibition and
blocking, selective retrieval induces a beneficial effect.
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consistent with the two-factor account when assuming that tem-
poral context is the primary retrieval cue with this type of material
and there is no prior context reinstatement before selective mem-
ory retrieval starts. In this case, selective retrieval should trigger
mainly inhibition and blocking when the lag between study and
selective retrieval is short (i.e., when the contextual overlap be-
tween study and selective retrieval is high) but should trigger
mainly context retrieval when the lag is long (i.e., when the
contextual overlap is low; see Figure 4C), thus creating the pattern
of detrimental and beneficial effects in the two lag conditions.

However, the contextual overlap between study and selective
retrieval at longer lag can also be high with lists of unrelated items.
This can occur, for instance, when participants try deliberately to
mentally reinstate study context before selective retrieval starts.
Wallner and Bäuml (2017, Experiment 1) reported an experiment
in which subjects studied a list of unrelated items and, after longer
lag, were asked to recall predefined target items from the list either
before or after selective retrieval of the list’s remaining (nontarget)
items. The effect of selective retrieval was compared between two
conditions that differed in whether the study context was mentally
reinstated before selective recall started. In the context-reinstatement
condition, subjects were told to take a minute to recall their thoughts,
feelings, and emotions prior to the beginning of the study phase (see
also Jonker et al., 2013; Sahakyan & Kelley, 2002), whereas in the
no-context-reinstatement condition, subjects solved arithmetic prob-
lems for the same duration of time. Mental context reinstatement was
expected to enhance the contextual overlap between study and selec-
tive retrieval, making results in this long lag condition roughly com-
parable to those typically seen in a short lag condition (see Figure 4D).
Indeed, whereas in the absence of mental context reinstatement se-
lective retrieval induced a beneficial effect on recall performance, in
the presence of the reinstatement it induced a detrimental effect. The
detrimental effect of selective retrieval with categorized lists as it
occurs in within-category retrieval practice situations after long lag
can thus be simulated with unrelated lists when there is mental context
reinstatement before selective retrieval starts.

Relation to Prior Work With Coherent Prose Material

The fact that both material (lists of unrelated items vs. catego-
rized lists) and type of retrieval practice (within-category vs.
between-categories retrieval practice) can influence the effects of
selective retrieval raises the question as to how the effects of
selective retrieval would look if more complex material was used
for study, for instance, coherent prose material. There are some a
priori expectations for this type of material. First, because coherent
prose material may represent fairly integrated study material, and
because integration has been found to reduce the level of interitem
interference (Anderson & McCulloch, 1999; Bäuml & Kuhband-
ner, 2003; Chan, McDermott, & Roediger, 2006), the expectation
may emerge that inhibition and blocking would play minor roles
for this type of material and selective retrieval therefore would
induce a neutral effect on nonretrieved items after short lag.
Second, because recall of coherent prose material should also
suffer when the contextual overlap between study and retrieval is
reduced, context retrieval should occur after longer lag and induce
a beneficial effect of selective retrieval.

Bäuml and Schlichting (2014, Experiment 2) addressed the
issue, using two text passages, The Big Bang and The Shaolin

Temple, which had already been used in prior work (Chan et al.,
2006). Subjects studied one of the two text passages and after a lag
of 5 min or a prolonged lag of 48 hr were then tested on some
target questions, either before or after the prior selective answering
of nontarget questions. For both target and nontarget questions,
gapped sentences were provided and subjects were asked to fill in
the correct item from the previously studied text (e.g., “The word
Shaolin means young _____________” [Answer: forest]; “The
Hubble telescope found the heavy element _____________ in
extremely ancient stars” [Answer: boron]). Results showed that,
when lag was short, correct answers to the target questions were
largely unaffected by the prior answering of the nontarget ques-
tions, consistent with the view that coherent prose material can
reflect fairly integrated study material. In contrast, when lag was
long, correct answers to the target questions were more frequent
when the nontarget sentences had been answered before, indicating
a beneficial effect of selective retrieval (for a replication and
extension of the findings, see Wallner & Bäuml, 2017, Experiment
4). Future work should address the issue in more depth and
examine using a wider range of more complex study materials how
selective retrieval influences recall, both after short and after long
lag between study and selective retrieval. The results from such
work would be of considerable relevance, from a theoretical but
also from a more applied perspective.

Conclusions

In this series of experiments we showed that, with categorized
lists, within-category retrieval practice and between-categories
retrieval practice induce very different effects of selective re-
trieval. We found within-category retrieval practice to induce a
detrimental effect on nonretrieved items, after both short and long
lag between study and selective retrieval. In contrast, we found
between-categories retrieval practice to induce a neutral effect on
nonretrieved items after short lag and a beneficial effect after long
lag. These findings deviate from the results of prior work with lists
of unrelated items, which showed detrimental effects of selective
retrieval after short lag and beneficial effects after long lag. Still,
all of these results are consistent with a two-factor framework of
selective retrieval that assumes critical roles in selective retrieval
of (a) inhibition and blocking and (b) context retrieval.
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