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EMPIRICAL ARTICLE

The Pretesting Effect Comes to Full Fruition
After Prolonged Retention Interval

Oliver Kliegl, Johannes Bartl, and Karl-Heinz T. Bäuml
Department of Experimental Psychology, Regensburg University, Germany

Taking a pretest before material is studied can enhance recall of that material on a subsequent final test. In the
present research, we examined whether the magnitude of this pretesting effect is modulated by the delay that
precedes the final test. Experiment 1 employed paired associates as study material and retention intervals of up
to 30 min; Experiment 2 employed an educationally more relevant prose passage as study material and
retention intervals of up to one whole week. In both experiments, we examinedwhether pretesting some of the
study material improved recall of the pretested information relative to other material that was not pretested.
Results of both experiments replicated the benefit of pretesting for retention of studiedmaterial. Strikingly, this
pretesting effect increased and roughly doubled with increasing delay. Pretesting could play a significant role
in educational settings where information typically needs to be retained over longer periods of time.

General Audience Summary
Testing material to be learned, like paired associates (e.g., plate–fork) or a prose passage (e.g., about the
big bang theory), shortly after study can be highly beneficial for retention of the information—as
demonstrated by the wealth of research on the so-called testing effect. Somewhat counterintuitively, this
benefit of testing does not only arise when testing takes places after study but can also emerge when
testing precedes study, and individuals are thus forced to guess the (unknown) correct answer—typically
with little success. To be of potential use for educational settings, this so-called pretesting effect—like
the classic testing effect—should survive prolonged retention intervals between acquisition and final
testing and not be restricted to situations in which the final test follows shortly upon acquisition. We
addressed the issue in two experiments. The one experiment employed paired associates as study
material and retention intervals of up to 30 min; the other experiment employed an educationally more
relevant prose passage as study material and retention intervals of up to one whole week. In both
experiments, we examined whether pretesting some of the study material improved recall of the
pretested information relative to other material that was not pretested. Both experiments replicated the
benefit of pretesting for retention of studied information. Strikingly, in both experiments, the pretesting
effect roughly doubled from the short to the longest retention interval. These findings demonstrate that
the pretesting effect is not a transient effect but can even increase in size as the retention interval between
study and final test is prolonged. The pretesting effect thus fulfills a critical precondition to be useful in
educational settings, with its typically longer periods of time between acquisition and final testing of to-
be-learned material.
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In recent years, studies on the so-called testing effect have
demonstrated that memory tests not only serve to unveil a person’s
current state of knowledge but also represent learning events in
themselves. Indeed, tests of previously studied information often
lead to better recall of the information in a later retention test than,
for example, passive restudy of this information does (e.g., Roediger
& Karpicke, 2006). The testing effect is a robust and general
phenomenon that occurs across a wide range of materials, age
groups, and ability levels (for reviews, see Karpicke, 2017;
Roediger & Butler, 2011). Testing can promote longer term learning
even in classroom settings with real course materials (for reviews,
see Agarwal et al., 2021; Yang et al., 2021).
In the classic testing effect task, participants first study a set of

items before, in the testing (practice) phase, they are asked to retrieve
the items from memory. However, a testing effect can also result
when this order is reversed, and participants are tested before the
actual information is studied. In a typical study demonstrating such a
pretesting effect, participants in the (baseline) study condition are
presented with a cue item together with a target item (plate–fork) for
study. In contrast, in the pretest condition, participants first have to
guess the target item in the presence of the cue item (plate–?) before
the correct answer is shown (plate–fork). Because subjects are not
shown the word pairs prior to the initial pretest and correct guess
attempts are not considered in the data analysis, these studies isolate
the effects of failed retrieval attempts. Studies using this task generally
show that pretesting leads to better recall performance for the target
items than simply studying the cue–target pairs. This holds even when
the total presentation duration of the individual word pairs in the study
condition is as long—for example, 10 s—as the summed guess and
presentation duration in the pretest condition—for example, 5 s guess
duration + 5 s presentation duration (e.g., Kornell et al., 2009). The
pretesting effect has been found over a wide range of study materials,
such as weak associates (Grimaldi & Karpicke, 2012), videos
(Carpenter & Toftness, 2017; James & Storm, 2019), general knowl-
edge questions (Kornell, 2014), and prose passages (Hilaire &
Carpenter, 2020; Richland et al., 2009).
Soon after publication of the first pretesting studies, pretesting was

already recommended for use as an instruction tool in educational
practice (Pashler et al., 2007). Yet, in order to serve as an effective
learning technique in the classroom, it is critical to understand
whether and how the pretesting effect depends on length of retention
interval between acquisition and final testing of the study material.
Prior research has already demonstrated that the pretesting effect can
persist with pedagogically relevant study material both in the labora-
tory (Hilaire & Carpenter, 2020; Overoye et al., 2021; Toftness et al.,
2018) and in classroom learning (Carpenter et al., 2018) for retention
intervals of up to 1 week. However, one of the features that makes the
classic testing effect interesting for the pedagogical context is the
finding that the size of the effect not only persists but often becomes
even larger with increasing retention interval (for a meta-analysis, see
Rowland, 2014). For instance, in their seminal study, Roediger and
Karpicke (2006) had participants study a prose passage which was
either immediately tested or restudied before a final retention test was
conducted after either 5 min, 2 days, or 1 week.While there was even
a slight disadvantage for tested, relative to restudied, information
when the final test was performed after 5 min, tested information was
much better retained than restudied information when the final test
was conducted after 2 days or 1 week.

Whether the size of the pretesting effect also increases, or rather
decreases, with retention interval is unclear. Based on prior work
indicating that source-monitoring accuracy declines as the length
of the retention interval increases (e.g., Johnson, 1997; Johnson et
al., 1993), one may expect a reduced pretesting effect with delay.
Indeed, with longer delays, participants may be less well able to
distinguish between their initial (erroneous) guesses and the target
item to be retrieved at the time of final testing. Another indication
against the conjecture that prolonged retention interval can benefit
the pretesting effect comes from a meta-analysis conducted by
Chan et al. (2018) that included data from 45 individual experi-
ments and found that the size of the pretesting effect tended to
decrease with length of retention interval. However, in all but
one of the included studies (i.e., Kornell et al., 2009), length of
retention interval varied up to 15 min only, leaving it open whether
results would generalize to much longer retention interval. Fur-
thermore, with the exception of a single study (Overoye et al.,
2021; see General Discussion section below), the previous studies
also refrained from systematically manipulating length of retention
interval within a single experiment and thus were not able to directly
compare pretesting and study conditions for different delay con-
ditions. Such comparisons, however, are crucial to understand if,
and how, the size of the pretesting effect depends on retention
interval.

Contrasting with the source-monitoring argument and the find-
ings from Chan et al.’s (2018) recent meta-analysis, from a more
theoretical point of view, the expectation may arise that the pre-
testing effect can increase with increasing retention interval. The
expectation derives from the elaboration hypothesis, which is not
only one of the most prominent accounts of the classic testing effect
(e.g., Carpenter, 2009, 2011) but has also been suggested to explain
the pretesting effect (e.g., Endres et al., 2017; Huelser & Metcalfe,
2012; see Kornell & Vaughn, 2016, for an overview of further
accounts of the pretesting effect). The account assumes that attempt-
ing to retrieve a target item from memory (e.g., frog–?) is more
likely to lead to the activation of information related to the cue item
(e.g., tongue, lily pad, fly) than is simple study, which, on a later test,
may support recall of the target item (e.g., pond). This hypothesis is
supported, for example, by the finding that the pretesting effect
typically remains absent when there is no semantic link between cue
and target item (e.g., frog–bread; Grimaldi & Karpicke, 2012). The
elaboration hypothesis also predicts that the size of the pretesting
effect increases with retention interval. On the basis of the view that
long-term memory is primarily semantic in nature (e.g., Bartlett,
1932) and evidence that elaborative processing can reduce for-
getting (Tulving et al., 1994), the advantage of testing should be
more likely to be present on a final test that is delayed rather than
immediate if the testing condition enhanced elaboration (e.g.,
Carpenter, 2011). Initial pretesting may thus be particularly benefi-
cial after prolonged retention interval, thus boosting the size of the
pretesting effect and showing a striking parallel to the classic testing
effect.

The Present Study

The aim of the two experiments reported here was to examine
how prolonged retention interval modulates the pretesting effect,
using both (standard) word lists consisting of weak paired associates
(Experiment 1) and a more educationally relevant prose passage

T
hi
s
do
cu
m
en
t
is
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al

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.

2 KLIEGL, BARTL, AND BÄUML



(Experiment 2) as study material. In each experiment, three delay
intervals between study and final retention test were applied:
retention intervals of 1 min, 10 min, and 30 min in Experiment 1
and retention intervals of 1 min, 30 min, and 1 week in Experiment 2.
In Experiment 1, participants studied a total of 60 weak paired
associates (e.g., frog–pond)—half of which were pretested—and, on
the final retention test, memory of all 60 associates was assessed by
presenting all cue items, one by one, and asking participants to
provide the correct target item (e.g., frog–?; e.g., Kornell et al.,
2009). In Experiment 2, participants studied a prose passage con-
taining biographical information about the former U.S. American
President Woodrow Wilson. Prior to study of the passage, all
subjects were asked to answer eight questions about the text in
the pretesting phase and, after the retention interval, they were asked
to answer 16 questions about the text on the final retention test—
eight of which were already part of the pretesting phase (for a similar
procedure, see Overoye et al., 2021). In both experiments, final test
performance was assessed by measuring recall rates and intrusions.
While we expected to find a pretesting effect for both types of study
material for the 1-min retention interval—thus replicating prior
work (Kornell et al., 2009; Richland et al., 2009)—it was less clear
if and how the size of the pretesting effect would change across the
three retention intervals. Based on the results of the meta-analysis
reported in Chan et al. (2018), the magnitude of the pretesting effect
may be expected to decrease with length of retention interval,
whereas based on the elaboration hypothesis, the magnitude of
the pretesting effect may increase with length of retention interval.
The results will be of high relevance for potential application of
pretesting in educational settings.

Experiment 1

Method

Ethical Considerations

All reported studies were carried out in accordance with the
provisions of the World Medical Association’s Declaration of
Helsinki.

Participants

Using G*power (Version 3.1.9.2; Faul et al., 2009), sample size
in Experiments 1 and 2 was determined on the basis of a power
analysis which showed that, to detect at least a medium-sized effect
for the critical interaction ( f = 0.25), 86 subjects were to be required
overall when α was set to .05 and β to .20. Closely following this
recommendation, a total of 90 students (Mage = 22.54 years;
66 female, 24 male) of different German universities were recruited
to participate in Experiment 1, with 30 subjects in each of the three
retention interval conditions. All subjects spoke German as their
native language and reported no neurological or psychiatric disease.
All subjects gave their spoken informed consent and took part in the
experiment in return for either course credit or a compensatory
amount of money.

Material

Sixty word pairs with weak semantic associations (e.g., plate–
fork, tradition–Christmas) were used as study material. The forward

association strength of each word pair ranged from .051 to .053 and
was .052 on average (Nelson et al., 1998). That means, when
presented with the cue word, the correct target word was produced
as the first response about 5% of the time. All items were translated
into German. Overall, the study materials were divided into two
subsets, Subset A and Subset B, consisting of 30 word pairs each.
For half of the participants, Subset A was used for the study
condition and Subset B for the pretest condition; for the other
half of participants, the assignment of subsets to conditions was
reversed.

Design

The experiment had a 2 × 3 design with the within-subjects factor
of practice (study vs. pretest) and the between-participants factor of
retention interval (1-min retention interval vs. 10-min retention
interval vs. 30-min retention interval). Half of the pairs were
presented intact and could be studied immediately (study condition),
while for the other half of pairs, participants first received a test of
the target word before the complete pair was shown (pretest condi-
tion). One third of the participants completed the final retention test
after the 1-min retention interval, another third after the 10-min
retention interval, and the remaining third after the 30-min retention
interval.

Procedure

The experiment took place online and consisted of three different
phases: study phase, distractor phase, and final test phase. In the
study phase, half of the cue items were presented together with their
target items (e.g., plate–fork) for 10 s and could thus be studied
immediately (study condition). For the other half of the items, at
first, the cue item was presented alone for 5 s, and participants were
asked to guess the target item (e.g., tradition–?). Afterward, parti-
cipants were shown the cue and target items together (e.g., tradition–
Christmas) for another 5 s (pretest condition). Word pairs were
presented in randomized order for each participant. After the study
phase, all participants counted backward in steps of seven for 1 min.
One third of the participants then completed the final retention test
(1-min retention interval condition); another third of participants
then completed the final retention test after playing the video game
Tetris (https://www.geo.de/geolino/spiele/13349-rtklonlinespiel-te
tris) for an additional 9 min (10-min retention interval condition);
the final third of the participants completed the final retention test
after playing Tetris for 9 min, engaging in the standard progressive
matrices task (Raven et al., 2000) for 12 min, a spot-the-difference
task for 5 min (https://www.smithsonianmag.com/games/spot-diffe
rence-180968040/), and simple arithmetic tasks for 3 min (30-min
retention interval condition). On the final test, the cue words of all 60
word pairs were presented for 10 s each in a random order, and
participants were asked to provide the corresponding target word
(e.g., plate–?). No feedback was given during the test.1
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1 All study materials and data have been made publicly available at the
Open Science Framework and can be accessed at https://osf.io/n7bqz/.
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Results

Correct Recall

On the pretest, participants correctly guessed 3.4% of the target
items. Since the effect of erroneous guesses on later studying was of
main interest, those pairs in which the guess matched the correct
target were excluded from further analyses.
Figure 1a shows mean recall rates on the final cued recall test as

a function of practice (study vs. pretest) and retention interval
(1-min retention interval vs. 10-min retention interval vs. 30-min
retention interval). A 2 × 3 analysis of variance (ANOVA) with the
two factors revealed main effects of practice, F(1, 87) = 193.03,
mean square error (MSE)= 36.48, p< .001, η2p = .69, and retention
interval, F(2, 87) = 14.33, MSE = 107.52, p < .001, η2p = .25,
reflecting overall higher recall rates for pretested items than for
studied items (81.4% vs. 68.9%) and an overall decrease in recall
from the 1-min to the 10-min and 30-min retention interval
conditions (79.7% vs. 76.2% vs. 69.7%). These main effect
findings were qualified by a statistically significant interaction
between the two factors, F(2, 87) = 11.64,MSE = 36.48, p < .001,
η2p = .21.

Indeed, while pairwise comparisons revealed that, relative to
studied items, recall of pretested items was improved on the final
test following the 1-min retention interval, t(29) = 5.18, p < .001,
Cohen’s d = 0.95; the 10-min retention interval, t(29) = 9.26, p <
.001, Cohen’s d = 1.69; and the 30-min retention interval, t(29) =
9.77, p < .001, Cohen’s d = 1.78, the magnitude of the pretesting
effect increased from 7.8% (83.6% vs. 75.8%) to 11.4% (81.9% vs.
70.5%) to 18.3% (78.8% vs. 60.6%) from the 1-min to the 10-min
and 30-min retention intervals.

Intrusions

All items which participants produced during the final test that
were incorrect were counted as intrusions. Figure 1b shows the
number of intrusions as a function of practice (study vs. pretest) and
retention interval (1-min retention interval vs. 10-min retention
interval vs. 30-min retention interval). A 2 × 3 ANOVA of the
two factors revealed a significant main effect of practice, F(1, 87) =
161.57,MSE = 1.88, p < .001, η2p = .65, reflecting that, overall, the
number of intrusions was higher in the study than the pretest
condition (4.2 vs. 1.6 intrusions). There was no main effect of
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Figure 1
Results of Experiments 1 (a, b) and 2 (c, d)

(a) (b)

(c) (d)

Note. (a) Recall performance on the final test of Experiment 1 (in %) as a function of practice (study vs. pretest) and retention interval (1 min vs. 10 min vs.
30 min). (b) Number of intrusions on the final test of Experiment 1 as a function of practice and retention interval. (c) Recall performance on the final test of
Experiment 2 (in %) as a function of practice (study vs. pretest) and retention interval (1 min vs. 30 min vs. 1 week). (d) Number of intrusions on the final test of
Experiment 2 as a function of practice and retention interval. Error bars reflect standard errors.
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retention interval, F(2, 87) = 2.03, MSE = 5.82, p = .14, η2p = .05,
and no interaction between factors, F(1, 87) = 2.66, MSE = 1.88,
p = .076, η2p = .06.

Discussion

The results of Experiment 1 provide a first demonstration that
the size of the pretesting effect can increase with length of
retention interval. While a typical pretesting effect resulted following
the short (1-min) retention interval—as reflected in improved final
recall in the pretest condition relative to the study condition—the
magnitude of the pretesting effect increased when the retention
interval was increased to 10 min and 30 min. The results also
demonstrated that, in the pretest condition, the number of intru-
sions on the final test is reduced relative to the study condition
(e.g., Grimaldi & Karpicke, 2012) with the numerical, though not
statistical, tendency that the magnitude of this benefit of pretesting
increases with longer retention interval. The goal of Experiment 2
was to investigate whether the findings of Experiment 1 with weakly
associated word pairs generalize to more educationally relevant
study material.

Experiment 2

Method

Participants

Following Experiment 1, a total of 90 students (Mage= 24.8 years;
67 female, 23 male) of different German universities took part in
Experiment 2, with 30 participants in each of the three retention
interval conditions. All subjects spoke German as their native
language and reported no neurological or psychiatric disease. All
subjects gave their spoken informed consent and took part in the
experiment in return for either course credit or a compensatory
amount of money.

Material

The studymaterial was an encyclopedically prepared German text
passage about former U.S. President Woodrow Wilson. The text
was 257 words long and contained both biographical facts (e.g., year
and place of birth, name of parents) and political facts (e.g., name of
vice president, major domestic and foreign policy achievements)
about Woodrow Wilson taken from the English Wikipedia page on
Woodrow Wilson (https://en.wikipedia.org/wiki/Woodrow_Wilson).
The test questions were constructed based on 16 facts identified as
testable items in the text passage. These 16 questions were divided
into two subgroups (Subgroup A and Subgroup B). The questions
were phrased as short open-answer questions (e.g., “What was the
first name of Woodrow Wilson’s mother?” or “When did Woodrow
Wilson’s presidency begin?”). For half of the participants, the pretest
contained the questions of Subgroup A, and for the other half, the
pretest contained the questions of Subgroup B. All 16 questions were
included in the final test and presented in a random order. Thus, eight
questions on the final test previously had been subject to a pretest
(pretest items) and eight questions had not been previously tested
(study items).

Design

The experiment had a 2× 3 designwith the within-subjects factor of
practice (study vs. pretest) and the between-subjects factor of retention
interval (1-min retention interval vs. 30-min retention interval vs.
1-week retention interval). Conditions differed in whether the target
items were only presented in the text passage (study condition) or had
been asked in a pretest before study (pretest condition). Retention
interval differed in whether the final test took place 1 min, 30 min, or
1 week after the study phase. Thirty participants each were randomly
assigned to each of the three retention interval conditions.

Procedure

In the study phase, participants were told that they would be
presented a text about WoodrowWilson to study for a later memory
test. Before the text was shown, participants were asked eight open-
answer questions about WoodrowWilson (e.g., “In which state was
WoodrowWilson born?”) and were instructed to provide an answer
to all questions, regardless of whether they knew the answer. Each of
those questions lasted on the screen until an answer was given. After
the pretest was finished, the participants were presented the text
passage for 5 min. Next, all participants were instructed to count
backward aloud in steps of seven for 1 min, after which one third of
participants completed the final test (1-min retention interval con-
dition); a second third of participants continued working on the same
additional distractor tasks as in the 30-min retention interval condi-
tion of Experiment 1 before they engaged in the final test (30-min
retention interval condition); the final third of participants was
finished for the time being after the backward counting task, but
were asked to complete the final test on a second appointment
1 week later (1-week retention interval condition).2 On the final test,
all 16 questions (8 pretested questions and 8 new questions) were
presented in a random order. Every question remained on the screen
until an answer was given.

Results

Recall Performance

On the initial pretest that preceded the presentation of the text
passage, participants correctly guessed 2.8% of the questions. Like
in Experiment 1, all items that were answered correctly on the
pretest were removed from further analyses.

The percentage of correctly answered questions on the final test is
shown in Figure 1c as a function of practice (study vs. pretest) and
retention interval (1-min retention interval vs. 30-min retention
interval vs. 1-week retention interval). A 2 × 3 ANOVA of the
two factors revealed main effects of practice, F(1, 87) = 347.04,
MSE = 60.54, p < .001, η2p = .80, and retention interval, F(2, 87) =
76.97, MSE = 262.75, p < .001, η2p = .64, reflecting higher overall
recall rates for pretested items than for studied items (78.8% vs.
57.2%) and higher recall rates when the final test took place after
1 min than after 30 min or 1 week (84.9% vs. 70.7% vs. 48.5%).
There was also a significant interaction between the two factors, F(2,
87) = 25.29, MSE = 60.54, p < .001, η2p = .37.
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2 All subjects who attended the first session of the 1-week retention
interval condition returned for the second session.
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Indeed, while pairwise comparisons revealed that, relative to
studied items, recall of pretested items was improved on the final
test following the 1-min retention interval, t(29) = 6.94, p < .001,
Cohen’s d = 1.27; the 30-min retention interval, t(29) = 10.07,
p< .001, Cohen’s d= 1.84; and the 1-week retention interval, t(29)=
14.66, p < .001, Cohen’s d = 2.68, the magnitude of the pretesting
effect increased from 13.2% (91.5% vs. 78.3%) to 18.9% (80.1% vs.
61.3%) to 32.8% (64.9% vs. 32.1%) from the 1-min to the 30-min and
1-week retention intervals.

Intrusions

The mean number of intrusions on the final test is shown in
Figure 1d as a function of practice (study vs. pretest) and retention
interval (1-min retention interval vs. 30-min retention interval vs.
1-week retention interval). A 2 × 3 ANOVA of the two factors
revealed main effects of practice, F(1, 87) = 162.17, MSE = 0.48,
p < .001, η2p = .65, and retention interval, F(2, 87) = 45.44,MSE =
1.30, p< .001, p< .001, η2p = .51, reflecting that, overall, there was
a higher number of intrusions for studied items than for pretested
items (2.2 vs. 0.9) and fewer intrusions were made after 1 min than
30 min and 1 week (0.7 vs. 1.2 vs. 2.6). There was also a significant
interaction between the two factors, F(2, 87) = 17.97,MSE = 0.48,
p < .001, η2p = .29. In fact, while pairwise comparisons revealed
that, relative to studied items, fewer intrusions were made for
pretested items following the 1-min retention interval, t(29) =
4.85, p < .001, Cohen’s d = 0.89, the 30-min retention interval,
t(29) = 6.10, p < .001, Cohen’s d = 1.11, and the 1-week retention
interval, t(29) = 10.35, p < .001, Cohen’s d = 1.89, the magnitude
of this benefit of pretesting increased from 0.7 (1.1 vs. 0.3) to 1.0
(1.7 vs. 0.7) to 2.2 (3.7 vs. 1.5) from the 1-min to the 30-min and
1-week retention intervals.3

Discussion

The findings of Experiment 2 extend the results of Experiment 1 by
showing that the delay-induced increase in the size of the pretesting
effect is not restricted to the case when weak associates are applied as
study material, but can also arise for more complex prose passages,
even when length of retention interval is extended to 1 week. Indeed,
while a reliable pretesting effect already arose after the 1-min retention
interval, there was an increase in the size of the pretesting effect
following the 30-min retention interval and, in particular, the 1-week
retention interval—for which a massive Cohen’s d effect size of 2.68
was observed. The results of Experiment 2 also showed that in the
pretest condition, the number of intrusions on the final test was reduced
relative to the study condition. Again, this benefit for the pretested
information was affected by retention interval and increased reliably
after the 30-min and 1-week retention intervals. This finding replicates
a pattern that was also present in Experiment 1, though only numeri-
cally and not statistically.

General Discussion

Employing both weak associates (Experiment 1) and a prose
passage (Experiment 2) as study material, the present study found
that the size of the pretesting effect can increase with retention
interval. Strikingly, the size of the effect roughly doubled when the
retention interval increased from 1 min to 30 min in Experiment 1,

and when the retention interval increased from 1 min to 1 week in
Experiment 2. The present study thus provides the first demonstra-
tion that the beneficial effects of pretesting can become even more
pronounced when information needs to be retained over longer
periods of time. The results of both experiments also indicated that,
relative to additional study, pretesting can reduce the number of
intrusions produced on the final test, and this intrusion-reducing
effect of pretesting become even more distinct with prolonged
retention interval.

At first glance, the present findings may appear inconsistent with
the results of the meta-analysis reported by Chan et al. (2018), which
suggested that the size of the pretesting effect may slightly decrease
with retention interval. However, this meta-analysis did not include
studies in which length of retention interval was manipulated within
single experiments. Moreover, in the data sets that were included,
length of retention interval did not exceed 15 min, with the only
exception of Kornell et al. (2009, Experiment 5) in which delay
between study and test was 38 hr. Interestingly, visual inspection of
Figure 6d in Chan et al. (2018) suggests that, in Kornell et al.’s
(2009) Experiment 5, the size of the pretesting effect that occurred
after the 38-hr delay was substantially larger than the mean effect
size arising for the 0–15 min delays in this meta-analysis, which is
consistent with the results reported here. The fact that the meta-
analysis found no overall increase in the pretesting effect with
retention interval thus likely is caused by a lack of data sets for
longer retention intervals.

The results of the present study also do not seem fully consistent
with the only other study in the literature that applied a within-
experiment manipulation of retention interval (Overoye et al.,
2021). Like in the present Experiment 2, subjects in Overoye
et al.’s Experiment 2 studied a prose passage after they were asked
to answer eight prequestions on the text. A final retention test
showed a typical pretesting effect with enhanced recall of pretested,
relative to nonpretested, information. While the pretesting effect
arose both for subjects for whom the test was conducted after a
5-min retention interval and a 1-week retention interval, the magni-
tude of the effect did not increase with delay, unlike in our study.
Critically, however, the prose passages used in this study were
almost three times as long (approximately 750 words) as in the
present Experiment 2, which led to much lower mean recall rates for
the pretested and nonpretested items after the 1-week retention
interval (23% vs. 16%) than in the present Experiment 2 (65%
and 32%). Conceivably, the low recall rate of 16% in the study
condition reflects a floor effect and, if so, may have prevented the
recall difference between pretesting and study to increase from short
to prolonged retention interval, which may explain why the pre-
testing effect increased with delay in the present study, but not in this
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3 For both experiments, we also examined for the pretesting condition how
often participants’ initial guesses during pretesting came up as intrusions on
the final test. In Experiment 1, in which subjects were pretested on 30 cue–
target pairs, mean number of “guess” intrusions was 0.40, 0.37, and 0.50 for
the 1-min, 10-min, and 30-min retention interval conditions. Averaged across
delay conditions, guess intrusions thus made up ca. 25% of all intrusions.
In Experiment 2, in which subjects were pretested on eight facts from the
prose passage, mean number of guess intrusions was 0.00, 0.07, and 0.23 for
the 1-min, 30-min, and 1-week retention interval condition. Averaged across
delay conditions, guess intrusions thus made up ca. 10% of all intrusions. The
relatively rare occurrence of guess intrusions seems to suggest that partici-
pants are quite good at distinguishing their initial guesses from the target
items to be retrieved.
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prior study. Future work may address the issue and examine these
conditions in more detail in the absence of any floor effects.
The present findings suggest a parallel between the pretesting

effect and the classic testing effect, both of which apparently
increase with retention interval. This parallel is consistent with
the view that both testing effects may be mediated by elaboration
processes (Carpenter, 2009, 2011; Huelser & Metcalfe, 2012). For
the classic testing effect, the proposal is that when during the initial
testing phase, subjects are shown a cue item and attempt to retrieve
the previously studied target item, memory representations associ-
ated to the cue item are activated and become related to the cue–
target pairing, given that the target item has been successfully
retrieved. At the final retention test, this elaborated memory trace
provides further retrieval paths through which the target item can be
accessed. For the pretesting effect, it has been suggested that when,
during initial pretesting, subjects are presented with a cue item and
attempt to guess the target item, memory representations related to
the cue–target pairing are activated and thus create a more elaborate
memory trace through which, at the later test, access to the target
item is facilitated. On the basis of the assumption that recall may
become more semantic with increasing delay (Carpenter, 2011) for
both the classic testing effect and the pretesting effect, the elabora-
tion hypothesis can explain the observed increase in the size of the
testing effect.
While the present results are consistent with an elaboration account

of the pretesting effect, like results on the classic testing effect, they
are not necessarily inconsistent with an alternative contextual account
(Karpicke et al., 2014; Metcalfe & Huelser, 2020; Overman et al.,
2021). When encoding information, we also store features of the
temporal context that is present when we encounter that information
(Estes, 1955; Mensink & Raaijmakers, 1988). Pretested items could
therefore get associated with an enriched temporal context—
encompassing an integrated representation of the pretesting context
and the study context—whereas studied items may get associated
with the study context only (Hunt et al., 2011; Pierce et al., 2017).
Pretested material may benefit from the enriched temporal context at
test, particularly after longer delay when the test context has become
increasingly dissimilar to the study context and recall benefits from
strong contextual cues. Consequently, pretested items may have a
growing recall advantage over studied items with delay, as was
observed in the present study. Critically, as is true for the classic
testing effect, elaboration and contextual accounts are not mutually
exclusive and both types of mechanisms may have contributed to the
observed increase of the effect with prolonged retention interval.
Like posttesting in the classic testing effect, pretesting provides a

promisingmethod to retain study information over an extended period
of time in educational settings. Although some educators may be
hesitant to incorporate pretesting as a learning tool into their everyday
teaching because they initially lead to numerous wrong answers, the
present results may alleviate such concerns: Generating errors early
can increase the number of correct answers and reduce incorrect
answers in the long run. All this holds while educators should still
consider that the memorial benefits of pretesting may be limited to the
pretested information, as typically no reliable beneficial effects of
pretesting on other information within the same text passage have
been found (Carpenter et al., 2018; Hausman & Rhodes, 2018; James
& Storm, 2019; Richland et al., 2009; but see Carpenter & Toftness,
2017; Little & Bjork, 2016). A related issue is that of transfer. In the
current Experiment 2, the same test format was used on the initial

pretest and the final test, and the questions used during pretestingwere
also worded exactly like the questions on the final test. While prior
research on vocabulary learning has already shown that pretesting can
still be beneficial when the initial and final test formats differ (Potts
et al., 2019; Potts & Shanks, 2014), thus suggesting at least some level
of transfer for pretested information, future research is still required to
examine whether different wording of questions during initial and
final testing also yields a reliable pretesting effect.

Conclusions

The beneficial effects of pretesting—as reflected in an increase in
correct recall of studied information and a reduction in number of
intrusions—become even more pronounced when the retention
interval between study and final testing of the information is
prolonged. This pattern holds both when weak associates are used
as study material and the retention interval lasts up to 30 min, and
when a prose passage is used as study material and the retention
interval lasts up to 1 week. The findings suggest that pretesting may
be an effective tool to increase learning, especially in settings
featuring longer periods of time between acquisition and the final
testing of study materials.
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