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Abstract The act of retrieving information modifies memory
in critical ways. In particular, testing-effect studies have dem-
onstrated that retrieval practice (compared to restudy or to no
testing) benefits long-term retention and protects from retro-
active interference. Although such testing effects have previ-
ously been demonstrated in both between- and within-subjects
manipulations of retrieval practice, it is less clear whether one
or the other testing format is most beneficial on a final test. In
two paired-associate learning experiments conducted under
typical testing-effect conditions, we manipulated restudy and
test trials using either blocked or mixed practice conditions
while equating other factors. Retrieval-practice and restudy
trials were presented either separately in different blocks
(blocked practice) or randomly intermixed (mixed practice).
In Experiment 1, recall was assessed after short and long delay
intervals; in Experiment 2, the final memory test occurred
after a short delay, but with or without an interfering activity
before the final test. In both experiments, typical testing ef-
fects emerged, and critically, they were found to be unaffected
by practice format. These results support the conclusion that
testing effects are robust and emerge to equal extents in both
blocked and mixed designs. The generality of testing effects
further encourages the application of retrieval practice as a
memory enhancer in a variety of contexts, including
education.
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The general assumption in education, and often in cognitive
psychology, is that the act of testing memory is a neutral affair;
tests are given to assess one’s knowledge, not to change it.
However, 40 years ago R.A. Bjork (1975) argued that recall
not only measures memory but modifies it in several ways,
often positively. In recent years, the testing effect—the benefit
of the act of recall on later retention—has been frequently
studied, and much has been learned. The testing effect refers
to the finding that practicing the retrieval of previously studied
material can boost memory and enhance long-term retention
for the tested materials in comparison to a no-exposure control
condition (e.g., Wheeler & Roediger, 1992), or even in com-
parison to control conditions in which the materials are reread
for the same amount of time (e.g., Carrier & Pashler, 1992;
Roediger & Karpicke, 2006; for a review, see McDermott,
Arnold, & Nelson, 2014). Moreover, retrieval has been shown
to protect the practiced material from the detrimental influence
of subsequent learning (i.e., from retroactive interference;
Halamish & Bjork, 2011; Potts & Shanks, 2012). On the other
hand, research on retrieval-induced forgetting indicates that
retrieval can also entail negative effects for memory of items
related to the retrieved items when retrieval is carried out only
selectively (Anderson, Bjork, & Bjork, 1994; see also
Anderson, 2003). When retrieval practice occurs for some
but not all information, such selective retrieval can cause for-
getting of related, but unpracticed contents (relative to a con-
trol condition without any practice; for a recent meta-analysis
and review on retrieval-induced forgetting, see Murayama,
Miyatsu, Buchli, & Storm, 2014). Although the present ex-
periments are concerned with the testing effect, their main
motivation was derived from prior work on retrieval-induced
forgetting. In addition, the present work also relates to the
generation effect, so we briefly review relevant studies from
these other domains before providing the rationale for our
experiments.
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The special importance of retrieval as a memory modifier is
underscored by studies investigating whether the observed
effects of retrieval practice are really specific to retrieval, or
might alternatively also arise when memories are strengthened
in a different way instead (e.g., by means of restudying). In
particular, several studies have documented the point that
retrieval-induced forgetting emerges only after retrieval prac-
tice, but not after restudy, and of course (by definition) the
retrieval-practice effect occurs after testing (and the compari-
son condition is often a restudy control). Importantly, for both
effects, such differences between retrieval practice and restudy
have been successfully demonstrated with between-subjects
and within-subjects manipulations of the two practice types.
For instance, the positive influence of retrieval practice on
long-term retention in the testing-effect literature has been
demonstrated when different subjects engaged in retrieval
practice or restudy (e.g., Karpicke & Roediger, 2008; Pyc &
Rawson, 2010), but also when the same subjects practiced
some materials by means of retrieval practice and others by
means of restudy (e.g., Butler, 2010; Zaromb & Roediger,
2010). Similarly, the negative influence of selective retrieval
practice for related but unpracticed material has also been
shown to occur when different subjects (e.g., Anderson,
Bjork, & Bjork, 2000; Béuml & Aslan, 2004; Ciranni &
Shimamura, 1999) or the same subjects (e.g., Hanslmayr,
Staudigl, Aslan, & Bauml, 2010; Wimber, Rutschmann,
Greenlee, & Bauml, 2009) engaged in selective retrieval prac-
tice and/or restudy.

Yet another important issue has been less frequently exam-
ined: Few studies have investigated whether the format of the
practice type matters: Are the effects of retrieval practice af-
fected by whether practice occurs in blocks of trials (e.g.,
blocks of items are restudied or are tested) or, rather, the two
types of trials are mixed together? A recent study by Dobler
and Béuml (2013) was the first to address whether practice
format was of relevance for retrieval-induced forgetting. Their
results showed that when practice was blocked and retrieval-
practice and restudy trials were clearly separated, only selec-
tive retrieval practice (but not restudy) led to retrieval-induced
forgetting (thus replicating prior work; e.g., Hanslmayr et al.,
2010). However, when retrieval-practice and restudy trials
were randomly intermixed, retrieval-induced forgetting
emerged after both types of practice. Dobler and Bauml
interpreted their results as a reflection of dynamic effects
between retrieval practice and restudying when the two
types of trials are intermixed. That is, in relating their
findings to previous work from the task-switching literature
(e.g., Allport, Styles, & Hsich, 1994; Campbell, 2005; Meuter
& Allport, 1999), Dobler and Béuml argued that, when
switching from more effortful retrieval-practice trials to the
easier restudy trials, subjects might still engage in retrieval
practice to some degree even on restudy trials, thereby causing
retrieval-induced forgetting after both retrieval-practice and
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restudy trials. Thus, it is not restudying that causes forgetting,
but the fact that, under certain conditions, subjects can be led
to retrieve during restudy (for related work, see also Jacoby &
Wahlheim, 2013; Tullis, Benjamin, & Ross, 2014).

On the basis of this reasoning, the question arises whether
such dynamic effects between retrieval-practice and restudy
trials occurring with mixed practice in retrieval-induced
forgetting studies may also be of relevance for the testing
effect. The case seems to be slightly different, though, and
the consequences of mixed practice might not directly
translate from one paradigm to the other. Indeed, several
previous studies on the testing effect have applied randomly
intermixed restudy and retrieval-practice trials, and these stud-
ies nevertheless revealed intact testing effects (e.g., Carpenter
& DeLosh, 2006; Carpenter, Pashler, Wixted, & Vul, 2008;
Karpicke & Zaromb, 2010; see also Rowland, 2014, for a
recent meta-analysis). Thus, mixed practice is unlikely to
affect the testing effect in the same “all-or-none” way as it
appears to do in retrieval-induced forgetting research; it
remains unclear, though, whether practice format is relevant
for the size of the testing effect. Dobler and Bauml (2013)
suggested that, during mixed practice, subjects might keep
engaging in retrieval practice when switching from the harder
(retrieval-practice) trials to the easier (restudy) trials.
However, this particular type of switching might only occur
for a part of the to-be-restudied materials (perhaps later in
practice), so that differences between blocked and mixed
practice might be more subtle with regard to the benefits of
retrieval practice.

Interestingly, a series of recent studies addressed a related
topic. In particular, these experiments were specifically de-
signed to examine a potential parallel between testing effects
(i.e., retrieval from episodic memory) and generation effects
(i.e., retrieval from semantic memory). The generation effect
refers to the finding that items generated from semantic mem-
ory are remembered better on a later test than items that were
simply read, and prior work has shown that this effect can vary
with list composition and is, at least under certain conditions,
larger with mixed lists (containing randomly mixed read and
generate trials) than with pure lists (containing read or
generate trials; e.g., Nairne, Riegler, & Serra, 1991;
Slamecka & Katsaiti, 1987; see McDaniel & Bugg, 2008,
for a review). Three recent studies investigated whether the
testing effect, in parallel to the generation effect, was also
sensitive to list composition. In one of these studies,
Rowland, Littrell-Baez, Sensenig, and DeLosh (2014) report-
ed no influence of list composition on the testing effect,
whereas, in another study, Mulligan and Peterson (2015)
found that the testing effect behaved similarly to the genera-
tion effect and was larger with mixed than with pure lists of
retrieval-practice and restudy trials. In a follow-up study,
Mulligan, Susser, and Smith (2016) replicated the original
finding reported by Mulligan and Peterson under varying
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conditions and confirmed across four experiments that the
testing effect can be modulated by list composition in a way
similar as the generation effect—as long as specific
experimental procedures are applied, ones under which the
generation effect is also sensitive to list composition. For
example, in accordance with theoretical accounts of list-
composition effects (e.g., the item-order account; see Nairne
etal., 1991), such effects may hinge on the exact nature of the
final test. For example, they may only emerge when final
free-recall tests are conducted soon after study of each single
(pure or mixed) list, thus creating unique retrieval sets for each
pure list that aid recall, relative to mixed lists (for details, see
Mulligan et al., 2016; see also our General Discussion).

The results just reviewed have important implications for
theoretical accounts of the testing effect, because they suggest
that testing and generation effects might be caused by similar
mechanisms, at least in some situations (but see Karpicke &
Zaromb, 2010). Yet, because the three previous studies on the
role of list composition (Mulligan & Peterson, 2015; Mulligan
et al., 2016; Rowland et al., 2014) had purposefully applied
conditions that are conducive for list-composition effects for
the generation effect, their results may not apply to the issue of
whether the testing effect can be modulated by practice format
when experimental conditions typical for testing-effect studies
are used (e.g., when the final test comprises both restudied and
retrieval practiced items and is conducted not only after short
but also after prolonged delays, or more generally under con-
ditions that make recall more difficult).

On the basis of the results reported by Dobler and Béuml
(2013), a contrasting prediction on the role of practice format
(blocked vs. randomly intermixed) for the testing effect arises
under more standard conditions used in testing-effect studies.
In particular, we predicted from their work that typical testing
effects would be larger with blocked than with mixed practice
lists, because in the latter case subjects would covertly retrieve
on the restudy trials. This prediction assumes that the dynamic
effects between retrieval-practice and restudy trials with
mixed practice would generalize from studies of retrieval-
induced forgetting to the testing effect with a more standard
design. As noted, each of the recent prior studies on the role of
list composition was modeled after research on the generation
effect and based on procedures that differ from those typically
used for testing-effect studies. One important difference is that
none of the prior studies used retention intervals of more than
a few minutes or, more generally, created conditions with
increased difficulty at final test, even though the testing effect
is often larger on delayed or difficult tests (e.g., Halamish &
Bjork, 2011; Roediger & Karpicke, 2006; see also Rowland,
2014).

The goal of the present study was to use typical testing-
effect conditions to explore whether testing effects may be
modulated by practice format in a different way than sug-
gested by the previous studies on the role of list composition.

In Experiment 1, subjects studied Swahili-English vocabulary
pairs, engaged in repeated retrieval-practice cycles (plus feed-
back) and restudy cycles, and did so in either a blocked or a
mixed fashion. A final memory test was given after 5 min or
1 week, thus increasing the difficulty at test. In Experiment 2,
subjects studied unrelated word pairs, engaged repeatedly in
either blocked or mixed practice, and completed a final test in
the presence or absence of retroactive interference, which
constitutes another way of manipulating difficulty at test.
Our experiments will show whether Dobler and Bauml’s
(2013) findings on retrieval-induced forgetting generalize to
the testing effect by examining whether study trials have
greater impact (thus reducing the testing effect) during
random than during blocked practice. That is, mixed
practice should reduce the testing effect, because random
switches between practice types might encourage subjects to
keep engaging in retrieval practice during restudy trials.
Moreover, the present experiments will also show whether
such a pattern depends on the difficulty of the final test, or
whether the results are comparable across short and long
delays (in Exp. 1) and conditions with and without retroactive
interference (in Exp. 2).

Experiment 1
Method
Subjects

One hundred four undergraduates at Washington University in
St. Louis were recruited for the study. Six of the subjects did
not return for the second session of the experiment, and two
further subjects were excluded because they notified the ex-
perimenter about having prior knowledge of Swahili. The fi-
nal sample thus included 96 subjects that were evenly distrib-
uted across the four conditions (i.e., 7 = 24 in each condition).
The mean age was 20.2 years (SD = 2.4 years); there were 14
female and ten male subjects in each of the two short-delay
conditions, and 15 female and nine male subjects in each of
the two long-delay conditions. Subjects were tested either sin-
gly or in small groups, and they received course credit or $10
for completing the study.

Material

Twenty four Swahili-English word pairs were selected from
the norms provided by Nelson and Dunlosky (1994), and were
divided into two sets of 12 pairs. The two sets occurred equal-
ly often in the restudy and retrieval-practice conditions across
subjects.
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Design

The experiment employed a 2 x 2 x 2 mixed-factorial design.
All subjects initially studied the 24 pairs under the same pre-
sentation conditions. The first factor, Practice (retrieval prac-
tice or restudy), was manipulated within subjects; after the
initial study phase, all subjects were asked to practice retrieval
for one half of the pairs and to restudy the other half. The
second factor, Practice Format (blocked practice, mixed prac-
tice), was manipulated between subjects. Forty-eight subjects
engaged in blocked practice: In this condition, restudy and
retrieval practice were carried out in clearly separable blocks,
with the sequence of restudy and retrieval-practice blocks be-
ing counterbalanced across subjects. For instance, if practice
started with restudy, then all 12 word pairs from one of the two
sets of material were repeatedly restudied without any
retrieval-practice trials intermixed; subsequently, subjects en-
gaged in a block of retrieval-practice cycles for the remaining
12 word pairs. The other 48 subjects engaged in mixed prac-
tice: Here, restudy and retrieval-practice trials were randomly
intermixed, and the sequence of restudy and retrieval-practice
trials was not predictable. To avoid differences in spacing
across the blocked- and mixed-practice conditions (see
Cepeda, Pashler, Vul, Wixted, & Rohrer, 2006), the subjects
in the mixed-practice condition also completed two phases of
practice, with half of the word pairs being practiced during the
first phase and the other half being practiced during the second
phase. In contrast to the blocked-practice condition, however,
these two practice phases in the mixed-practice condition al-
ways entailed both retrieval-practice and restudy trials,
intermixed randomly. The last factor was Delay (5 min,
7 days), manipulated between subjects. A final recall test on
all 24 word pairs was conducted after either 5 min or 7 days, as
in previous studies on the testing effect (e.g., Roediger &
Karpicke, 2006).

Procedure

Study phase In an initial study phase, subjects were presented
with 24 Swahili-English vocabulary pairs under intentional
learning conditions. Word pairs were presented in a random
sequence, for 4 s each, centrally on a computer screen.

Practice phase After initial study, the subjects were informed
that all word pairs would be practiced again in two separate
phases (with half of the pairs being practiced during the first
phase and the other half during the second phase). Note that
the two separate phases were also introduced in the mixed-
practice condition, to avoid differences in spacing/practice lag
relative to the blocked-practice condition, as we described in
the Design section. In the blocked-practice condition, one of
the practice phases contained only restudy trials, whereas the
other phase contained only retrieval-practice trials. In contrast,
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in the mixed-practice condition, both practice phases
contained randomly intermixed retrieval-practice and restudy
trials (with half of the word pairs during each phase being
assigned to retrieval practice, and half to restudy). There were
no further differences between the two practice format condi-
tions. On restudy trials, word pairs were presented in intact
form for 7 s each, and subjects were asked to type in the
English translation of the Swahili words. On retrieval-
practice trials, the Swahili words were presented for 5 s, and
subjects were asked to type in the English translation during
this 5-s interval if they could remember it. After 5 s, the correct
answer was presented for an additional 2 s. During each prac-
tice phase, all 12 word pairs were practiced three times in the
same manner, with a random sequence of pairs on each of the
three practice cycles. When practice was completed, all sub-
jects were asked to solve simple arithmetic equations for
5 min.

Final-test phase The subjects in the short-delay condition
completed the final test after the 5-min distractor task; the
subjects in the long-delay condition left the lab and returned
to take the same test after 7 days. On the final test, all 24 word
pairs were tested: The Swahili words were presented in ran-
dom order and for 10 s each, with subjects being instructed to
type in the English translations of the words. After completing
the test, subjects were debriefed and thanked for their
participation.

Results
Performance on retrieval-practice cycles

Figure la shows mean recall on the three repeated practice
cycles that contained retrieval-practice trials. A 3 X 2 x 2
analysis of variance (ANOVA) with the within-subjects factor
Retrieval-Practice Cycle (first, second, third) and the between-
subjects factors Practice Format (blocked, mixed) and Delay
(5 min, 7 days) revealed a significant main effect of retrieval-
practice cycle, F(2, 184) =449.98, MSE = 160.73, p <.001, 1/*
= .83. Retrieval practice plus feedback enhanced recall from
the first retrieval-practice cycle to the second (15.8 % vs.
50.2 %), 1(95)=18.58, p<.001, d=1.88, and from the second
retrieval-practice cycle to the third (50.2 % vs. 70.1 %), #(95) =
13.80, p <.001, d = 1.40. No other main effects or interactions
reached significance, all Fs < 1.0, indicating the general
equivalence of the various between-subjects conditions.

Retention on the final test

Figure 1b displays mean recall on the final test. A 2 x 2 x 2
ANOVA showed a significant main effect of type of practice,
F(1,92)=53.72, MSE=178.91, p < .001, /" = .37. Recall was
superior after retrieval practice as compared to restudy, both
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Fig. 1 (a) Mean recall performance on the first, second, and third
retrieval-practice cycles, shown as a function of practice-format
conditions (blocked, mixed) and delay conditions (short, long). (b)
Mean recall performance on the final test, shown separately for the

after the 5-min delay (67.2 % vs. 51.4 %), #(47) = 5.54, p <
.001, d = 0.80, and after the 7-day delay (26.2 % vs. 13.7 %),
#47)=4.89, p <.001, d =0.71. There was also a significant
main effect of delay, F(1,92) =53.72, MSE = 78.98, p <.001,
n* = .46, because recall declined across the 7-day delay, irre-
spective of whether word pairs had been subject to retrieval
practice (67.2 % vs. 26.2 %), 1(94) = 8.48, p < .001, d = 1.73,
or restudy (51.4 % vs. 13.7 %), #(94) = 7.92, p < .001, d =
1.65. Most importantly, neither the main effect of practice
format nor any interactions reached significance, all Fs <
1.0, which indicates that varying retrieval practice and restudy
in blocks relative to randomly intermixing the two types of
trials did not significantly alter the pattern of results at either
retention interval.

A power analysis using G¥Power 3 (Faul, Erdfelder, Lang,
& Buchner, 2007) showed that the effective power to detect
even a small-sized interaction effect (= 0.10; Cohen, 1988)
with the present sample size and at an alpha-level of .05 was
.75. Moreover, because null hypothesis significance testing
cannot provide support for null hypotheses (see Gallistel,
2009; Wagenmakers, 2007), we followed Masson’s (2011)
guidelines and used the Bayesian information criterion (BIC)
to compute posterior probabilities. In general, this approach
assumes that two competing hypotheses are equally likely a
priori, before data collection, and generates posterior proba-
bilities for the hypotheses being correct given a set of ob-
served data. Here, we used the approach to generate such

short- and long-delay conditions and plotted as a function of both practice
(retrieval practice, restudy) and practice format (blocked, mixed). Error
bars represent +1 standard error

posterior probabilities for Hy and H;, given the data (D) col-
lected in Experiment 1. First, we calculated difference scores
to capture the magnitude of the testing effect (i.e., we
subtracted the final recall performance after restudy from the
final recall performance after retrieval practice). Then, two
separate analyses were run for the short- and long-delay con-
ditions on the basis of these difference scores. In the short-
delay conditions, the resulting posterior probabilities were
Pyic(Hp| D) = .856 and Pgic(H, | D) = .144. Similar proba-
bilities were obtained for the long-delay conditions, with
Pgic(Ho| D) = .864 and Pgic(H, | D) = .136. Following
Raftery (1995; see also Masson, 2011), this outcome can be
interpreted as positive evidence in favor of the null hypothesis
(i.e., practice format does not affect the size of the testing
effect with the present experimental variables).

Discussion

The results of Experiment 1 are generally consistent with the
literature on the testing effect: Retrieval practice led to en-
hanced retention on the final test in comparison to a restudy
control condition. This retrieval-specific boost in final-test
performance was similar in size after 5 min and 7 days.
While some previous studies found the testing effect to in-
crease or only to occur with long retention intervals when tests
did not provide feedback (e.g., Bauml, Holterman, & Abel,
2014; Congleton & Rajaram, 2012; Roediger & Karpicke,
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2006), the present experiment is consistent with other reports
of similar effects after a short and a long delay when feedback
is provided on the initial tests (e.g., Carpenter et al., 2008).
The data reported by Kornell, Bjork and Garcia (2011, Exp.
2), moreover, support the idea that provision of feedback after
retrieval attempts may be a crucial difference between studies
that show immediate testing effects and those that do not (like
Roediger & Karpicke, 2006, and others). Corrective feedback
was also provided in the present study, and the results are
consistent with those reported by Kornell et al. (2011).

Most importantly, however, the data of Experiment 1 show
that the size of the testing effect was not affected by whether
subjects were asked to engage in retrieval-practice and restudy
trials in a blocked or in a mixed fashion at either retention
interval. This result indicates that the prior findings and
conclusions by Dobler and Biduml (2013) may not generalize
to the testing effect; the testing effect, in contrast to retrieval-
induced forgetting, does not seem to be affected by practice
format. In particular, the fact that the testing effect was not
sensitive to practice format under standard experimental pro-
cedures used to study the effect and that it occurred after both
short (5-min) and long (7-day) retention intervals indicates
that retrieval-practice effects are robust across these manipu-
lations; in particular, the findings show that the testing effect is
unaffected by practice format, irrespective of whether the final
test is relatively easy (after short delay) or relatively difficult
(after prolonged delay). Experiment 2 was designed to con-
ceptually replicate these effects.

Experiment 2

Experiment 2 was conducted to replicate the null effects of the
blocked-versus-mixed manipulation of restudy and retrieval
practice conditions and to determine whether the results of
Experiment 1 would generalize to conditions in which recall
was assessed with and without retroactive interference, rather
than after short and long retention intervals (i.e., as another
way of establishing relatively easy or difficult testing condi-
tions). Halamish and Bjork (2011) showed that retrieval prac-
tice in comparison to restudy can reduce the susceptibility to
retroactive interference (for similar results, see Potts & Shanks,
2012). In Experiment 2, we examined the role of practice for-
mat (blocked or mixed) in the testing effect across this variable.

Method
Subjects
Ninety four undergraduates at Washington University in St.
Louis participated in the study and were compensated with

course credit or $10. Eight subjects did not engage in practice
(i.e., they did not type in their answers or at least the answers
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were not recorded by the computer), and they were therefore
excluded from the data set. Thus, 86 subjects remained, with
44 randomly assigned to the blocked-practice condition (34
female, 10 male subjects) and 42 to the mixed-practice condi-
tion (28 female, 14 male subjects). Their mean age was
20.4 years (SD = 4.6 years). Subjects were tested individually
or in small groups.

Material

Forty eight unrelated word pairs were created for paired-
associate learning from 96 single words selected from norms
provided by Van Overschelde, Rawson, and Dunlosky (2004).
The words were taken from different semantic categories (e.g.,
the words “lettuce” and “sandal”) and were randomly turned
into paired associates (e.g., “lettuce—sandal”). Subjects were
asked to complete two sessions of the same task, with the two
differing only in whether or not retroactive interference was
introduced before the final test. We used 24 paired associates
for the first session, and the remaining 24 for the second (with
the sets of material being counterbalanced across the two ses-
sions). As in Experiment 1, the two sets of materials were
randomly split into two further subsets of 12 paired associates,
and assignment of subsets to retrieval-practice and restudy
conditions was counterbalanced across subjects. The use of a
new set of materials was intended to generalize our findings
across this dimension, as well as to more easily instantiate the
variable of interference.

To induce retroactive interference, 24 additional single
items were chosen from the Van Overschelde et al. (2004)
norms (e.g., the word “ring” to be paired with “lettuce”).
These 24 items were presented as new response terms to the
previously studied stimulus terms to induce A-B, A-D retro-
active interference; during selection, care was taken to insure
that old and new response terms never began with the same
initial letters. For instance, if the word pair “lettuce—sandal”
had been studied initially, the word pair “lettuce—ring” might
be presented for additional study.

Design

The experiment employed a 2 x 2 x 2 mixed-factorial design.
The first factor, Practice (retrieval practice, restudy), was ma-
nipulated within subjects. After initial study of all items, sub-
jects were asked to restudy one half of the material and to
practice retrieval of the other half. The second factor,
Practice Format (blocked, mixed), was again manipulated be-
tween subjects. As in Experiment 1, half of the subjects en-
gaged in blocked practice, whereas the other half engaged in
mixed practice (using the same strictures as in Exp. 1). The
last factor, Retroactive Interference (no interference, interfer-
ence), was manipulated within subjects. All subjects were
asked to engage in two sessions of the same task (including
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an initial study phase, a practice phase with either blocked or
mixed practice, and a final test). The two sessions differed
only in whether or not retroactive interference was induced
after study and before the final test. Therefore, in one of the
two sessions, subjects were asked to complete an unrelated
distractor task between practice and the final test (nonspecific
interference, the control). In the other session, after restudy
and retrieval practice, subjects studied additional paired asso-
ciates with old stimulus terms but new response terms (induc-
ing A—B, A-D retroactive interference). To reiterate, this was
done to investigate whether retrieval practice (relative to re-
study) would reduce susceptibility to retroactive interference
(Halamish & Bjork, 2011). Critically, by manipulating prac-
tice format we can determine whether the pattern of results
would be differently affected by blocked and mixed practice.

Procedure

Study phase Each of the two sessions began with an initial
study phase, and 24 paired associates (e.g., “lettuce—sandal”)
were presented in random order, for 4 s each, in the center of a
computer screen. Subjects were asked to try to memorize the
word pairs for a later test.

Practice phase After initial study, subjects were informed that
all word pairs would be practiced again in two separate practice
phases (as in Exp. 1, half of all word pairs were practiced during
the first practice phase, and the other half during the second
practice phase). In the blocked-practice condition, one phase
contained only restudy trials, whereas the other phase contained
only retrieval-practice trials. In contrast, in the mixed-practice
condition, both practice phases contained randomly intermixed
retrieval-practice and restudy trials (with half of the word pairs
during each phase being assigned to retrieval practice, the other
half being assigned to restudy). As in Experiment 1, on restudy
trials, the paired associates were presented intact for 7 s each
(e.g., “lettuce—sandal™), and subjects were asked to type in each
response term (e.g., “sandal”). On retrieval-practice trials, the
stimulus terms and the matching initial letters of the response
terms were presented for 5 s each (i.e., “lettuce—s__?”), and
subjects were asked to recall and type in the full response term
during this interval. After 5 s, the correct answer was presented
for an additional 2 s (i.e., “lettuce—sandal”). As in Experiment 1,
all paired associates were practiced three times in the same man-
ner, with word pairs being presented in random sequence on
each of the three practice cycles.

Induction of retroactive interference As we described
above, there were two study lists and tests in the experiment,
and the corresponding sessions differed only in whether or not
A-B, A-D retroactive interference was induced before the
final test. Whether retroactive interference occurred in the first
or the second session was counterbalanced across subjects. In

the baseline condition, no specific retroactive interference was
induced, and after practice subjects were asked to work on an
unrelated distractor task for 5 min (i.e., to write down as many
American presidents as possible). However, in the experimen-
tal condition with retroactive interference, subjects were in-
stead asked to study 24 new paired associates, with new re-
sponse terms to the previously studied stimulus terms (e.g.,
“lettuce—ring”). The new paired associates were again pre-
sented for 4 s each and in random order. Three consecutive
study cycles were given in this manner, to ensure that subjects
would try to memorize the new response terms.

Final-test phase Each of the two sessions of the experiment
ended with a final memory test. The test was given right after
the distractor task (for the session without retroactive interfer-
ence) or after additional study of the new response terms (in
the session with retroactive interference). The stimulus terms
plus the initial letters of the response terms were provided as
retrieval cues (e.g., “lettuce—s__?”), in random order and at a
rate of 10 s each. Subjects were asked to type in the corre-
sponding response terms. The additionally studied word pairs
for the set of materials in which retroactive interference was
manipulated were tested in the same manner (e.g., “lettuce—
r__?7), but only after all initially studied word pairs had al-
ready been tested. When the first session of the experiment
was completed, subjects were offered a short break.
Afterward, they were asked to complete the second session
with a new list. At the end, subjects were debriefed and
thanked for their participation.

Results
Performance on retrieval-practice cycles

Figure 2a shows mean recall on the three consecutive
retrieval-practice cycles. A 3 x 2 x 2 ANOVA with the
within-subjects factors Retrieval-Practice Cycle (first, second,
third) and Retroactive Interference (no interference, interfer-
ence), as well as with the between-subjects factor Practice
Format (blocked, mixed) revealed a significant main effect
of the factor Retrieval-Practice Cycle, F(2, 168) = 415.39,
MSE =269.72, p < .001, 17> = .83. As in Experiment 1, recall
increased from the first retrieval-practice cycle to the second
(41.1 % vs. 78.1 %), F(1, 84) = 447.54, MSE = 262.82, p <
001, 7* = .84, and from the second to the third (78.1 % vs.
90.0 %), F(1, 84) = 83.65, MSE = 147.50, p < .001, 1> = .50.
There was neither a significant main effect of Interference,
F(1, 84) = 1.96, MSE = 399.22, p = .165, i* = .02, nor of
Practice Format, F(1, 84) < 1.0, which indicates that perfor-
mance on retrieval-practice cycles did not generally differ be-
tween the conditions. However, although no further interac-
tions reached significance (all Fs < 1.0), we did observe a
significant interaction between the factors Retrieval-Practice
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Fig. 2 (a) Mean recall performance on the first, second, and third
retrieval-practice cycles, shown as a function of practice-format
2twb=.27w?>conditions (blocked, mixed) and interference conditions (no
interference, interference). (b) Mean recall performance on the final test,

Cycle and Retroactive Interference, F(2, 168) = 4.41, MSE =
100.45, p =020, 1* = .05. Follow-up t-tests demonstrated that
recall differed between conditions with and without retroac-
tive interference, but only on the first retrieval-practice cycle
(without interference, 38.1 % correct; with interference,
44.1 % correct), #(85)=2.36,p=.021,d=0.25. On the second
and third retrieval-practice cycles, recall was comparable with
and without retroactive interference, all s < 1.0. Thus, al-
though subjects started the first retrieval-practice cycle with
higher recall in the experimental condition in which interfer-
ence would later occur, because the following retrieval-
practice cycles led to similar levels of recall, we deem the
difference observed on the first cycle to be spurious.
Because results across the four conditions were quite similar
on the second and the third sessions of retrieval practice, the
spurious result on the first trial can safely be assumed to have
no bearing on the results from manipulating retroactive inter-
ference, which of course occurred later in the procedure.

Retention on the final test

Figure 2b shows mean recall on the final test. A 2 x 2 x 2
ANOVA revealed a significant main effect of Practice, F(1,
84) = 89.84, MSE = 293.29, p < .001, 1/* = .52, reflecting the
fact that recall was better after retrieval practice than after
restudy (88.2 % vs. 70.7 %). In addition, the ANOVA showed
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shown separately for the conditions with and without retroactive interference
and plotted as a function of both practice (retrieval practice, restudy) and
practice format (blocked, mixed). Error bars represent +1 standard error

a significant main effect of Retroactive Interference, F(1, 84)
=5.29, MSE = 28522, p = .024, 772 = .06, which was accom-
panied by a significant interaction of the two factors, F(1, 84)
=6.18, MSE=114.11, p =015, 7 = .07. Although recall was
not affected by retroactive interference after retrieval practice
(88.9 % vs. 87.5 %), #(85) < 1.0, p = .486, d = 0.08, recall of
restudied word pairs was impaired by studying the additional
list (74.2 % vs. 67.2 %), #85) = 3.03, p = .003, d = 0.33.
Critically, neither the main effect of practice format nor any
further interactions reached significance, all F's < 1.0, which
suggests that, as in Experiment 1, the manipulation of restudy
and retrieval practice was the same whether these were ma-
nipulated randomly or in blocks.

A power analysis using G*Power 3 (Faul et al., 2007)
showed that the effective power to detect a small-sized inter-
action effect (f=.10; Cohen, 1988) with the present sample
size and an alpha level of .05 was .64. In parallel to
Experiment 1, we used the BIC to compute posterior proba-
bilities for Hy and H;, given the collected data (for details, see
Masson, 2011). Again, two separate analyses on the difference
scores (i.e., final recall performance after retrieval practice
minus final recall performance after restudy) were conducted
for the conditions with and without interference. In the condi-
tion without interference, posterior probabilities were
PBIC(H0| D)=.901 and Pgc(H; | D) =.099; in the condition
with interference, Pgic(Hy | D) was .892 and Pgc(H; | D) was
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.108. These analyses can again be interpreted as providing
positive evidence in favor of the null hypothesis (see
Raftery, 1995); under the present experimental conditions,
practice format does not affect the magnitude of the testing
effect, either with or without retroactive interference.

Discussion

The results of Experiment 2 are again consistent with previous
work on the mnemonic benefits of retrieval practice. Although
retroactive interference only had a small effect in Experiment
2, retrieval practice was found to shield memories from its
detrimental influence. This outcome replicates previous re-
ports that retrieval practice (as compared to restudy) reduces
susceptibility to retroactive interference (Halamish & Bjork,
2011; Potts & Shanks, 2012; for related findings on retrieval-
induced forgetting, see also Abel & Béuml, 2014).

The main focus of Experiment 2 was again on the role of
practice format, and the experimental conditions without ret-
roactive interference serve as a conceptual replication of the
pattern of results previously observed in the short-delay con-
dition of Experiment 1. When a test was given after 5 min of
an unrelated distractor task, retrieval practice (in comparison
to restudy) was found to benefit recall, and importantly, this
enhancement was not affected by whether the retrieval prac-
tice had been carried out in a blocked or a mixed fashion.
Moreover, the data show that this finding extends to the con-
ditions with retroactive interference. The results of
Experiment 2 thus replicate the pattern from Experiment 1,
in that the role of practice format was the same in the more
difficult final-test conditions (long delay or retroactive inter-
ference) as in the immediate-test conditions.

General discussion

The present study reports two experiments that investigated
the influence of blocked versus mixed practice on the mne-
monic benefits of retrieval practice, applying procedures that
are typical for testing-effect studies. In both experiments, re-
call was found to be enhanced after retrieval practice (plus
feedback) in comparison to restudy, which is consistent with
the testing-effect literature (see Roediger & Butler, 2011;
Rowland, 2014). Most importantly, this retrieval-specific
boost in memory performance was not affected by the exact
format of practice (blocked vs. mixed)—neither in
Experiment 1 (after a short or a long delay) nor in
Experiment 2 (with or without retroactive interference).
Together, the experiments indicate that the format of retrieval
practice (blocked vs. mixed) does not affect its benefits, irre-
spective of whether they are assessed at a short-delay baseline,
after prolonged retention intervals, or after the induction of
retroactive interference.

The present experiments were primarily motivated by a
prior study on retrieval-induced forgetting that had also inves-
tigated the role of blocked and mixed practice, and the results
reported here may point to a difference between testing effects
and retrieval-induced forgetting effects when they are investi-
gated as a function of practice format. Of course, testing-effect
studies are concerned with the beneficial effects of retrieval
practice for the directly practiced contents, whereas studies on
retrieval-induced forgetting usually focus on the detrimental
influence of selective retrieval practice for related but
unpracticed contents (see Anderson et al., 1994). However,
randomly intermixing retrieval-practice and restudy trials
seems to produce different outcomes on these positive and
negative effects of retrieval practice. In particular, whereas
retrieval-induced forgetting has repeatedly been shown to
arise only after retrieval practice (but not after restudy) when
the two practice types are blocked and clearly separable (e.g.,
Béuml & Aslan, 2004; Ciranni & Shimamura, 1999; Wimber
et al., 2009), a recent study by Dobler and Bauml (2013)
reported that random switches between retrieval-practice and
restudy trials led to retrieval-induced forgetting after both
types of practice. On the basis of prior task-switching work
(see Allport et al., 1994; Campbell, 2005; Meuter & Allport,
1999), Dobler and Béduml suggested that the task demands of
the more difficult retrieval-practice trials might spill over to
the easier restudy trials when practice is mixed. If so, subjects
might engage in retrieval practice even during restudy trials.

The present results indicate that such dynamic effects be-
tween retrieval practice and restudy when practice is mixed
are of far less importance for testing effects. In contrast to
retrieval-induced forgetting, the testing effect seems to emerge
exclusively after retrieval practice and does not spill over to
restudy trials when practice is mixed. Thus, one possible inter-
pretation of the present data could be to conclude that mixed
practice does not increase retrieval in restudy conditions, con-
trary to Dobler and Bauml’s (2013) reasoning with regard to
their retrieval-induced forgetting data. Alternatively, however,
the different influences of mixed practice for the detrimental
and beneficial effects of retrieval practice might emerge be-
cause random switches from retrieval-practice to restudy trials
do not affect all to-be-restudied materials and/or all restudy
trials. Because the benefits of retrieval practice may rely more
critically on successful and repeated retrieval of the contents of
memory (e.g., Butler & Roediger, 2007; Karpicke & Roediger,
2007), and because random switches might not sufficiently
stimulate retrieval practice during the majority of restudy trials,
the testing effect is not much affected by mixed practice. In
contrast, for retrieval-induced forgetting, some previous studies
have indicated that retrieval success and repeated retrieval may
play a minor role only (Storm, Bjork, Bjork, & Nestojko, 2006;
Storm & Nestojko, 2010; see also the results of the large-scale
meta-analysis by Murayama et al., 2014). Because the two
effects differ in this dimension, the testing effect may not be
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affected by changes in the dynamics between retrieval practice
and restudy, whereas retrieval-induced forgetting is.

A series of recent studies have examined the role of list
composition for the testing effect under experimental condi-
tions that were modeled to be similar to those of generation-
effect studies. Although in one of these studies Rowland et al.
(2014) reported that the magnitude of the testing effect was
not affected by whether pure or mixed lists of retrieval-
practice and restudy trials were used, a second study by
Mulligan and Peterson (2015) that was also designed in par-
allel to studies on the generation effect reported a significant
interaction, reflecting a larger testing effect with mixed than
with blocked practice. The inconsistency in results across the
two reports was addressed in another recent study conducted
by Mulligan et al. (2016). There, four experiments confirmed
that the testing effect can be affected by list composition in the
same way as the generation effect, at least when experimental
conditions are applied under which the generation effect is
also expected to be larger for mixed than for pure lists. In
particular, as was discussed by Mulligan et al., procedural
details that are critical for whether or not effects of list com-
position will emerge (e.g., free recall as the final-test format
and the application of separate free-recall tests after each list;
see also the paragraph below) are often linked to the predic-
tions of theoretical accounts of the examined effects (e.g., in
this case, the item-specific—relational account or the item-
order account of the generation effect; for details, see
Mulligan et al., 2016; for a review, see McDaniel & Bugg,
2008). In sum, the results of the recent studies on the role of
list composition indicate that there may indeed be certain par-
allels between the testing and generation effects, suggesting
that theoretical accounts that have been discussed for the gen-
eration effect may also hold relevance for the testing effect and
should be scrutinized in further studies (but see Karpicke &
Zaromb, 2010).

In contrast to these previous studies, the procedures applied
in the present experiments were purposefully chosen to be
representative of typical testing-effect studies. Yet, consistent
with the reasoning by Mulligan et al. (2016; see also the
paragraph above), the present results confirmed that the test-
ing effect is not larger after mixed than after blocked practice
when the experimental conditions are not specifically
modeled after those of generation-effect studies. In particular,
generation-effect studies often use free recall as the criterial
test and conduct separate free-recall tests after study of each
single (pure or mixed) list, so that the retrieval sets are unique
for each pure list and are not collapsed across conditions. In
contrast, following typical studies on the testing effect, the
present study applied one final cued-recall test for all of the
practiced materials, conducted after a short delay, a prolonged
delay, or in the presence of retroactive interference; under such
more standard conditions, no evidence for larger testing ef-
fects with mixed practice arose.
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Importantly, this difference in outcomes between the
different sets of studies fits with the predictions of the item-
specific—relational account or the item-order account of the
generation effect (Hunt & McDaniel, 1993; McDaniel &
Bugg, 2008; Mulligan & Lozito, 2004; Nairne et al., 1991).
In essence, these accounts assume that, in mixed lists, more
unusual or more demanding items (like to-be-generated or to-
be-retrieved items) benefit from greater item-specific
encoding, but at the same time they disrupt relational (i.e.,
order) encoding for all list items (including the more usual
items that are read or restudied and that benefit from relational
encoding). Due to this imbalance in encoding, the differ-
ences between unusual and usual items are much more pro-
nounced or are exclusively present in mixed as compared to
pure lists. A specific prediction of these accounts is that such
sensitivity to list composition should be present with free-
recall but not with cued-recall tests, because relational
(order) information is not as important in cued recall. Past
research confirmed this prediction for the generation effect
(e.g., Burns, 1990, 1992). The present cued-recall results
showing no list composition effect, together with Mulligan
et al.’s (2016) free-recall results that showed intact list com-
position effects, indicate that the testing effect could follow
the same prediction from the item-order account, as well. Of
course, future work will be needed to provide more direct
evidence in support of this idea.

For the present study we used a design typical for testing
effects and found no evidence for list composition effects, but
also no evidence for larger testing effects after blocked than
after mixed practice, as would be expected on the basis of a
prior study on retrieval-induced forgetting reported by Dobler
and Bauml (2013). Overall, the present results may indicate
that the mnemonic benefits of retrieval practice as investigated
in typical paired-associate testing-effect studies are robust
across procedures in which retrieval practice is mixed with
restudy trials or the two types of trials are blocked. This con-
clusion is also consistent with Rowland’s (2014) recent meta-
analysis on the testing effect, in which practice format was
included as a moderator variable. In particular, in his analysis,
42 effect sizes obtained from testing-effect studies with mixed
practice were compared to 87 effect sizes obtained from
testing-effect studies applying blocked practice, and the re-
sults indicated that both practice formats resulted in reliable
testing effects that did not differ in size. By directly manipu-
lating practice format and obtaining similar results, the present
study confirms this conclusion that was drawn on the basis of
between-study contrasts. In addition, the fact that mixed or
blocked practice format has no effect on the magnitude of
the testing effect generalizes across whether the final test is
comparatively easy (i.e., after short delay or in the absence of
retroactive interference) or comparatively difficult (i.e., after a
week’s delay or in the presence of retroactive interference),
which adds a new aspect to the literature.
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To conclude, the present experiments show that the benefits
of retrieval practice in typical testing-effect studies are not affect-
ed by whether the to-be-practiced material is presented in a
blocked or a mixed fashion. This robustness of the testing effect
to changes in the procedure may be especially important, given
its potential to increase long-term retention in applied education-
al settings. In particular, researchers have recommended using
retrieval practice both in the classroom and as a student study
strategy to increase learning (e.g., Agarwal, Bain, &
Chamberlain, 2012; Roediger, Putnam, & Smith, 2011).
Because the testing effect does not seem to be affected by prac-
tice format under our conditions, the benefits are as great in
blocked as in mixed practice. This should be comforting news,
because our findings and others (e.g., Putnam & Roediger, 2013,
or Smith, Roediger, & Karpicke, 2013, comparing response
modes and the influences of covert vs. overt retrieval practice)
have shown that the benefits of retrieval practice arise across
many different variations of how exactly practice could be car-
ried out. Retrieval practice boosts memory and can be applied as
an effective study strategy by students; apart from stopping too
early or practicing retrieval too little (e.g., Karpicke & Roediger,
2007; Vaughn, Rawson, & Pyc, 2013), there does not seem to be
much that can be done wrong, even when retrieval practice is
applied in various ways.
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