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Making Guesses During Learning Can Be Beneficial for Older Adults’ Memory

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

When young adults complete a pretest (e.g., star—?) before to-be-learned material is studied (e.g., star—
night), their recall of the material is typically enhanced on a subsequent final test compared to material
studied without initial pretesting. The present two experiments investigated whether this pretesting effect
arises also in older adults and is modulated in size when repeated guessing attempts are made during
pretesting. Sixty young adults (mean age = 24.5 years) and 60 older adults (mean age = 68.6 years) took part
in Experiment 1, while 54 young adults (mean age = 21.8 years) and 54 older adults (mean age = 66.6 years)
took part in Experiment 2. Results showed that, like young adults, older adults can benefit from a single
guessing attempt made during pretesting, both when weakly associated word pairs (Experiment 1) and prose
passages (Experiment 2) were used as study material. However, multiple guessing attempts during pre-
testing led to an additional recall benefit when word pairs but not when prose passages had been studied.
Experiment 2 also examined possible transfer effects of pretesting and showed a lack of transfer to
previously studied but untested information, for both young and older adults. The results are discussed with
respect to prominent accounts of the pretesting effect.

Public Significance Statement

Previous research has shown that taking a test on information (e.g., on a topic such as the former U.S.
President Woodrow Wilson) even before studying the information can improve later recall on an
assessment test. We show that such pretesting can increase correct recall and decrease incorrect recall for
both young and older adults and, under some conditions, can lead to further improvements when
multiple unique guesses are made during the pretest. The findings suggest that pretesting may be an

effective learning technique not only for young adults but also for older adults.

Keywords: testing effect, pretesting effect, young and older adults, elaboration account, cue-overload

principle

Testing during learning can promote memory. Over the last 2
decades, research on the testing effect has impressively shown that
memory tests not only serve to determine the current level of
knowledge but also represent learning events themselves. Retrieval
practice of previously encoded information indeed often causes
better retention of this information in a subsequent final test than
does restudy of the information, with a wide variety of both
laboratory and classroom studies demonstrating that the testing
effect is a robust memory phenomenon (for reviews, see Karpicke,
2017; Rowland, 2014).

Strikingly, prior work on the pretesting effect has shown that
testing even before the material to be learned is exposed for study
can benefit later retention of the material for young adults (for

reviews, see Kornell & Vaughn, 2016; Pan & Carpenter, 2023). In
a typical pretesting effect task, participants engage in a series of
study-only trials in which they are asked to learn weakly associated
cue-target pairs (e.g., frog—pond) which are randomly intermixed
with a series of pretest trials in which, at first, only the cue item of a
pair is presented for a few seconds and the target item has to be
guessed (plate—?) before it is revealed (plate—fork). On a later final
test, in which participants are presented, one by one, with all prior
cue items and asked to recall the associated target item (plate—?),
memory performance is usually better for target items that were
originally pretested compared to target items that were studied
only. The pretesting effect even arises if only those trials in which
participants made an incorrect guess during pretesting are included
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in further analyses (e.g., Kornell et al., 2009), which suggests that
learning from errors is indeed possible. Research over the past
15 years has demonstrated the robustness of the pretesting effect
for a variety of study materials—including weakly associated word
pairs, videos, trivia questions, and foreign language vocabulary—
in both laboratory and classroom settings (for reviews, see Chan
et al., 2018; St. Hilaire et al., 2024).

One prominent explanation of the pretesting effect is the elab-
oration hypothesis (e.g., Huelser & Metcalfe, 2012). This account
proposes that when subjects are shown a cue item (plate—?) in an
initial pretest and are asked to guess the target item, memory re-
presentations that are semantically related to the cue item—and may
include items such as table, spoon, knife—become activated and
linked to the pair when correct-answer feedback is given a few
seconds later. When, on the final test, the cue item is provided
and the target item has to be produced, these additional memory
representations—among which is also the incorrect guess from the
pretest—may act as semantic mediators which facilitate recall of the
target item, thereby enabling the pretesting effect. Huelser and
Metcalfe provided support for the elaboration account by showing
that pretests not only enhance later memory of the target item
but also increase response times for the target items. In particular,
attempting to retrieve an originally pretested item may initially result
in the retrieval of mediating memory representations, thereby
slowing down access to the target item. Further evidence in favor of
the account comes from a recent study showing that the benefits of
pretesting on later recall performance were greater when three initial
guessing attempts were made than when only one guessing attempt
was made (Kliegl et al., 2024). Multiple unique guesses may induce
more elaborations than only a single guess and could act as addi-
tional mediating information through which retrieval of the target
information is enabled on the later test, thus leading to the observed
increase in the size of the pretesting effect.

At first glance, it may be surprising that making mistakes during
learning can boost memory. In fact, a large body of classic research
on errorless learning has demonstrated that allowing for errors
during the learning process can hinder the retention of information
(e.g., Baddeley & Wilson, 1994; Skinner, 1957). For decades,
educators therefore have been advocating for the use of errorless
learning as a critical educational tool, by emphasizing the impor-
tance of creating study conditions which eliminate or minimize
errors in any learning contexts (e.g., Duker, 1981; Keel & Gast,
1992). Furthermore, clinicians have recommended errorless learning
as an effective learning method for those with memory impairments,
including older adults, or individuals with amnesia or dementia (for a
review, see Clare & Jones, 2008). The errorless learning perspective
also aligns well with a variety of memory models which include the
cue-overload principle (e.g., Raaijmakers & Shiffrin, 1981; Watkins &
Watkins, 1975). The principle asserts that the probability of retrieving
information decreases the more information gets linked to an asso-
ciated cue item. Since the added information can also involve erro-
neous guessing attempts produced on the pretest, the guesses may
interfere with the retrieval of target information on the final test,
therefore decreasing memory of the target item.

A number of studies indeed have found that pretesting older
adults can impair their later recall performance (e.g., Wilson et al.,
1994), which, at first glance, seems to suggest that pretesting may
be generally beneficial only for younger adults. However, these
earlier studies have typically used study material for which the

subject-generated error was semantically unrelated to the correct
response, for example, participants may be presented with a word
stem such as “qu___" and guess the word “queen” before they learn
that the correct response is “quote.” Consistently, prior studies have
found also for young adults that the pretesting effect can be reduced or
even reversed when the generated errors are unrelated to the correct
response (e.g., Zawadzka & Hanczakowski, 2019). This finding is in
line with the elaboration account since under such circumstances
it should be difficult for participants to properly integrate the guess
with the cue-target pair, so that the guess may hinder rather than help
access to the target item on the final test.

Consequently, the suggestion arising from prior work that young,
but not older, adults can benefit from pretesting may be due to the
fact that studies with young adults have tended to use study materials
that allow for better integration of the generated errors with the
target information. In support of this possibility, Cyr and Anderson
(2012, 2015) showed that, in both young and older adults, pretesting
was able to boost subsequent correct recall and source memory
when during initial acquisition, conceptual cues (i.e., category
names such as “fruit”’) were presented and participants were asked to
guess the associated target item. These researchers also showed that
when a lexical cue was presented during acquisition, that is, a word
stem such as “fr " and the word had to be guessed, neither young
nor older adults benefited from such pretesting (Cyr & Anderson,
2015). Since lexical cues usually lead to guesses that are unrelated
to the target items (e.g., a participant may guess the word friend with
the correct answer being frozen), the conclusion appears to be that
older adults can benefit from pretesting as much as young adults as
long as conceptual cues are used during pretesting.

Such conclusion might be premature, however. The one reason is
that Cyr and Anderson (2012, 2015) did not isolate the effects of
initial erroneous guesses on later recall performance. Rather, final
test performance in the two studies was based on trials for which the
target items were and were not guessed correctly during pretesting.
The two studies also did not report how often correct guesses were
made on the initial pretest trials and how common the target items
were for a given category. Including pairs for which correct guesses
were made initially makes it impossible to isolate the effects of
initially generated errors on later recall performance (for a more
detailed discussion of the issue, see Kornell et al., 2009). Therefore,
one of the major aims of the present study was to investigate whether
older adults can still benefit from pretesting when all trials on which
correct guesses were made during pretesting are not included in the
analysis of final test performance. Furthermore, the present two
experiments employed study material for which the chance of
correct guessing is relatively low (i.e., <5%).

The second reason is that the two Cyr and Anderson (2012, 2015)
studies always had participants make two guesses on each pretest
trial. It, therefore, remains to be investigated whether a single guessing
attempt can be sufficient to produce the pretesting effect in older
adults, and, in particular, whether the magnitude of the pretesting effect
in older adults increases with the number of initial guesses, as it does
in younger adults. Since older adults have been shown to be more
vulnerable to memory interference than young adults (e.g., Kliegl et
al., 2019), it is possible that multiple guesses made during pretesting
might impede, rather than facilitate, retrieval of the target information
on the final test. The present study thus examined whether initial
guessing can lead to parallel benefits in young and older adults that go
beyond demonstrating the mere existence of a pretesting effect.
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The Present Study

Two experiments were conducted to compare the effects of pre-
testing on later recall performance between young and older adults.
While Experiment 1 used weakly related word pairs (frog—pond) as
study material, Experiment 2 used more educationally relevant prose
passages. The first goal of the two experiments was to examine whether
older participants can benefit from pretesting in the typical pretest
situation in which only one initial guessing attempt is made. The
second goal was to replicate prior findings for young adults that the
magnitude of the pretesting effect can increase when multiple initial
guesses are made and to determine whether this benefit of repeated
guessing attempts generalizes to older adults. Since older adults are
particularly vulnerable to interference from competing items (e.g.,
Kliegl et al., 2019), multiple additional guessing attempts indeed may
impede, rather than promote, access to the target information on the
final test in this age group. For instance, older adults may be able to use
one guessing attempt as a stepping stone to access the target infor-
mation on the later test, but two additional guessing attempts may not
be properly integrated with the cue-target pair and rather serve as a
source of interference when the target information needs to be
retrieved. The present study examined this possibility. The third goal
was to determine whether initial guessing can induce memory transfer
to previously studied material that is not pretested. This issue will be
examined in Experiment 2 which uses prose passages as study material
and in which, during acquisition of a passage, the presentation of
untested material occurs in close temporal proximity to the pretests.
The assumption is that potentially short-lived elaboration processes
might spill over to the untested material and thus boost later retention of
the untested material.

Experiment 1

Experiment 1 investigated for both young and older adults the
effects of a single initial guessing attempt and of three initial guessing
attempts on subsequent recall performance when using weakly
associated word pairs as study material. Therefore, the two age groups
were either presented with both the cue item and target item of a pair
from the beginning of the trial (study-only condition), or they were
only provided with the cue item and instructed to make one guess (one-
guess condition) or three guesses (three-guesses condition) before the
target item was shown. The study material consisted of weakly linked
cue-target pairs (e.g., frog—pond). In the study-only condition, the
complete word pair was presented intact for 10 s (e.g., frog—pond). In
the one-guess condition, only the cue item was provided for the first 5 s
of a trial (e.g., frog—?) and a single guess had to be made within that
time span before the intact word pair was shown for another 5 s. The
three-guesses condition was similar to the one-guess condition, with
the critical difference that, after providing their first guess, a second
and a third guess had to be made. Participants were allotted 5 s each for
these additional guesses. After this acquisition phase, a final test was
conducted on which memory of all target items was assessed (e.g.,
frog—?). Both correct recall and commission errors (i.e., intrusions)
were measured on this final test.

Method
Transparency and Openness

The deidentified data on which the study conclusions are based
and the materials are available. The link to access this information is

provided in the author note. The analytic code is not available since
all statistical analyses reported in the article can be reproduced on
the basis of the details given in the Method sections of Experiments
1 and 2. We report how we determined our sample size, any data
exclusions, all manipulations, and all measures. None of the re-
ported experiments have been preregistered.

Participants

Optimal sample sizes for Experiments 1 and 2 were assessed with
a power analysis using the G*Power software (Version 3.1.9.2; Faul
et al., 2009). On the basis of an estimate of the meta-analytic effect
size of the pretesting effect (Hedge’s g = 0.44, Boustani & Shanks,
2022), the analysis revealed that 43 subjects were required overall
when setting o to .05 and B to .20. To detect a potentially smaller
benefit of pretesting in older adults, we recruited a higher number of
participants for each age group: The final sample consisted of 60
young adults with a mean age of 24.5 years (44 female, 16 male,
zero diverse) and 60 older adults with a mean age of 68.6 years (41
female, 19 male, zero diverse). We recruited young adults from
Regensburg University and older adults from the community. All
data were collected between April 2023 and August 2023. All
participants were Caucasian and gave their spoken informed
consent. Young participants were compensated either financially
or earned some course credit for their participation. Older parti-
cipants all received a compensatory amount of money for their
participation. Compared to young adults, older adults performed
significantly worse in the Mini Mental State Examination (Folstein
etal., 1975; young adults: 29.5; older adults: 28.1), #(118) =7.512,
p < .001, Cohen’s d = 1.37, and the digit span task (young adults:
15.4; older adults: 13.3), #(118) =4.32, p <.001, Cohen’s d =0.79,
but significantly better in the MWT-B (Mehrfachwahl Wortschatz
Test [multiple-choice vocabulary intelligence test]; Lehrl, 2005), a
German vocabulary test that assesses crystallized intelligence
(young adults: 27.7; older adults: 31.0), #(118) = 6.09, p < .001,
Cohen’s d = 1.11.

Material

Sixty weakly related word pairs (e.g., plate—fork, frog—pond)
were employed as study material. We used cue-target pairs from the
Nelson et al.’s (1998) norms and selected them on the basis of a
relatively narrow forward association strength of .051 to .053. The
average association strength was .052, meaning that participants in
the Nelson et al.’s study came up with a target item as their first
associate approximately 5% of the time when a given cue item was
shown. All 60 pairs were translated into German and divided into
three subsets of 20 pairs each. Each subset was applied equally often
in each of the experimental conditions.'

Design

The experiment used a mixed design with the between-subjects
factor AGE GrROUP (young adults vs. older adults) and the within-
subjects factor TYPE OF PRACTICE (study only vs. one guess vs. three
guesses). TYPE OF PRACTICE was manipulated by either presenting the
cue-target pairs intact from the beginning of the trial (study-only

! The study materials and data can be found at https://osf.io/uge3r/.
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condition), or by providing only the cue item and having participants
come up with one guess (one-guess condition) or three unique
guesses (three-guesses condition) before revealing the target item.

Procedure

The protocol employed in this study was deemed exempt by the
ethical review board of Regensburg university. The experiments
were carried out in accordance with the provisions of the World
Medical Association Declaration of Helsinki. For both young and
older participants, the experiment consisted of three phases: an
acquisition phase, a distractor phase, and a final test phase. While all
60 word pairs were presented during the initial acquisition phase,
only 20 of these pairs were shown intact from the start of a trial. In
these study-only trials, the cue-target pair was presented for 10 s
(plate—fork) and could therefore be encoded immediately. All of
the remaining 40 trials involved some form of pretesting. Twenty of
the pairs were allocated to one-guess trials in which, within a time
frame of 5 s, the target item had to be guessed from the cue item
(e.g., tradition—?). Immediately prior to the start of each trial, a tone
was presented for 0.5 s to indicate that a guessing attempt had to be
produced. The remaining 20 pairs were allocated to three-guesses
trials in which subjects were given two further 5 s periods to make
the additional guesses. Presentation of the tone occurred immedi-
ately prior to the start of each 5-s period to indicate that another
guessing attempt was required. Subjects were not informed at the
beginning of each trial how many guesses they would have to make.
At the end of the one-guess and three-guesses trials, the complete
cue-target pairs were presented for 5 s (e.g., tradition—Christmas).
Presentation order of the word pairs was random for all participants.
There was no consequence if participants were unable to make a
guess within the 5 s time frame. Indeed, prior work has shown that
final test recall is largely unaffected by whether people are forced
to guess in the pretest or are allowed to leave answers blank (Kang
et al., 2011; Metcalfe & Kornell, 2007).

After the acquisition phase, subjects engaged in the standard
progressive matrices task (Raven et al., 2000) as a distractor activity
for 5 min before the final test was conducted. In this test, the cue
items of all 60 word pairs were shown in randomized order for 10 s
each. At the beginning of each 10 s period, the 0.5 s tone was
presented to indicate to participants that they should provide the
corresponding target item. Participants did not receive any feedback
on this final test.

Results
Initial Pretest

For both Experiments 1 and 2, we applied the data aligned rank
transform (ART) procedure of the ARTool package (Kay et al.,
2021; Wobbrock et al., 2011) using R (Version 2024.12.1) to
conduct nonparametric analyses of variance (ANOVAs) on the
pretest and final test data.” A 2 x 2 ANOVA of the between-subjects
factor AGE GRoOUP (young vs. older adults) and the within-subjects
factor TYPE OF PRACTICE (one guess vs. three guesses) on percentage
of correct guesses during the initial pretest showed significant main
effects of AGE Group, F(1, 118) =21.53, p <.001, ng =.15, and TYPE
OF PRACTICE, F(1, 118) = 57.55, p < .001, n} = .33, reflecting that,
overall, young adults made more correct guesses than older adults

(7.0% vs. 4.0%) and more correct guesses were made for item pairs
for which participants were allowed to make three guessing at-
tempts, relative to one guessing attempt (7.9% vs. 3.1%). There was
also a significant interaction between factors, F(1, 118) =10.15,p =
.001, ng = .08. While planned comparisons using the Wilcoxon
signed-rank test showed that, relative to the one-guess condition,
correct guesses were increased in the three-guesses condition for
both age groups, all ps < .002, this difference was more pronounced
in young than older adults (6.8% vs. 2.8%).

Final Test

Correct Recall. Figure 1A shows the percentage of correctly
recalled items on the final test as a function of the between-subjects
factor AGE GrROUP (young adults vs. older adults) and the within-
subjects factor TYPE OF PRACTICE (study only vs. one guess vs. three
guesses). A 2 X 3 ANOVA of the between-subjects factor AGE GRouP
(young vs. older adults) and the within-subjects factor TYPE OF
PRACTICE (study only vs. one guess vs. three guesses) on percentage
of correct responses on the final test revealed significant main effects
of AGE Group, F(1, 118) = 70.84, p < .001, nf, = .38, and TYPE OF
PRACTICE, F(2, 236) = 33.09, p < .001, ng = .22, reflecting that,
overall, recall of older adults was lower than of young adults (42.1%
vs. 68.2%) and that, overall, recall performance increased with
number of initial guessing attempts (47.9% vs. 55.9% vs. 61.7%).
Critically, there was no significant interaction between the two
factors, F(2,236) < 1, ng =.0006, suggesting that the effects of TYPE
OF PRACTICE did not differ reliably for the two age groups.

Two separate 2 X 2 mixed ANOVAs of AGE GRouP and TYPE OF
PRACTICE on correct-recall performance were conducted, with the
first ANOVA including only the study-only and one-guess condi-
tions, and the second ANOVA including only the one-guess and
three-guesses conditions. Critically, both ANOVAs again revealed
significant main effects of TYPE OF PRACTICE, all ps < .001, reflecting
that overall recall performance was improved in the one-guess
condition, relative to the study-only condition, and was improved in
the three guesses-condition, relative to the one-guess condition. Both
ANOVAs showed no interaction between factors, all ps > .85.

Intrusions. All commission errors produced on the final test
were counted as intrusions. Table 1 shows intrusion rates—that is,
the number of intrusions divided by the number of study items in a
condition—as a function of AGE GROUP and TYPE OF PRACTICE. A 2 X 3
mixed ANOVA of the two factors on intrusion rate revealed sig-
nificant main effects of AGE Group, F(1, 118) =6.58, p =.012, n% =
.05, and TYPE OF PRACTICE, F(2, 236) = 15.62, p < .001, ng =.12,
reflecting that the overall intrusion rate of older adults was higher
than of young adults (30.4% vs. 21.2%) and that the overall intrusion
rate decreased with number of initial guessing attempts (30.1% vs.
25.0% vs. 22.2%). Critically, there was no significant interaction

2 Nonparametric ANOVAs were used because (a) the high frequency of
zero correct guesses on the pretest can pose an issue for parametric ANOVA
with its normality assumption and (b) the number of items on which the
calculation of final test recall is based on can vary slightly between parti-
cipants, which a parametric ANOVA cannot account for. Both issues are
unproblematic with the nonparametric ART procedure (Wobbrock et al.,
2011). We thank an anonymous reviewer for pointing out the potential
problems when using parametric ANOV As for this type of data analysis but
would also like to emphasize that for both experiments exactly the same
pattern of results emerged when parametric ANOVAs were used.
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Figure 1
Results of Experiments 1 and 2
(A) Young adults
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(A) Results of Experiment 1. Recall performance on the final test (in %) for young and older participants for each of

the three types of practice (study only vs. one guess vs. three guesses). (B) Results of Experiment 2. Recall performance on
the final test (in %) for young and older participants for the study-only condition and, separately for tested and untested
sentences, for the one-guess and three-guesses conditions. Error bars reflect standard errors.

between the two factors, F(2, 236) = 1.21, p = .30, ny = .01,
suggesting that the effects of TYPE oF PRACTICE did not differ reliably
for the two age groups.

Two separate 2 X 2 mixed ANOV As of AGE GROUP and TYPE OF
PRACTICE on the intrusion rate were conducted, with the first
ANOVA including only the study-only and one-guess conditions,
and the second ANOVA including only the one-guess and three-
guesses conditions. Critically, both ANOVAs again revealed
a significant main effect of TYPE OF PRACTICE, all ps < .004,
reflecting that the overall intrusion rate was reduced in the one-
guess condition, relative to the study-only condition, and was
lower in the three guesses-condition, relative to the one-guess
condition. Both ANOVAs showed no interaction between fac-
tors, all ps > .13.

Table 1

In Experiment 1, on average, about 36% of the intrusions made in
the one-guess and three-guess conditions were incorrect guesses
from the acquisition phase for both young and older adults. A 2 X 2
mixed ANOVAs of AGE GRouP and TYPE OF PRACTICE on these
“pretest” intrusions revealed no significant main effects and also no
interaction between factors, all ps > .09, which may be unsurprising
given the relatively low frequency of this type of intrusion.

Discussion

The findings of Experiment 1 replicate previous research by
demonstrating that the size of the pretesting effect can increase in
young adults after three initial guesses, compared to a single initial
guess (Kliegl et al., 2024). More important, the findings suggest that

Mean Intrusion Rate Together With Standard Errors of the Mean (in Brackets) on the Final Test as a Function of Age Group and Type of

Practice for Experiments 1 and 2

Young adult

Older adult

Experiment Study One guess Three guesses Study One guess Three guesses
Experiment 1

Intrusion rate in % 26.00 (2.50) 19.50 (2.28) 18.00 (2.28) 34.25 (3.30) 30.42 (2.77) 26.42 (2.77)
Experiment 2

Intrusion rate in % 19.44 (1.38) 15.12 (1.88) 12.03 (1.73) 27.16 (1.92) 20.37 (2.56) 22.84 (2.26)
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older adults exhibit the same pattern of results. Specifically, older
adults already showed a reliable pretesting effect of approximately
8% after only a single guess, which increased to approximately
14% after three guesses. The results also showed that, for both age
groups, the number of intrusions produced on the final test
decreased from study-only to one-guess trials and even from one-
guess trials to three-guesses trials. The finding on intrusions is
quite striking because older adults’ episodic memory has been
found to be particularly vulnerable to interference effects (e.g.,
Kliegl et al., 2019), which is why producing multiple erroneous
guesses during pretesting rather could have been expected to lead
to an increased number of intrusions. The observed effects of
pretesting on both correct recall and intrusions may indicate that,
similar to young adults, these guesses facilitate, rather than impair,
access to the target information on the final test (see also General
Discussion).

Experiment 2

The first goal of Experiment 2 was to determine whether the
benefits of repeated guessing attempts during pretesting observed
in Experiment 1 still arise for older adults when using study
material with greater practical relevance (i.e., prose passages). To
this end, both young and older participants studied three prose
passages. One of the passages was presented in the study-only
format, in which the sentences were displayed sequentially on a
computer screen and could be learned immediately. The other two
passages were employed for the one-guess and three-guesses
formats. In these two conditions, sentences were initially presented
in a fill-in-the-blank format and subjects were instructed to gen-
erate either one guess or three unique guesses about the missing
key word before the complete sentence was revealed. Using such
prose passages, one prior study has shown that, for young adults,
three initial guessing attempts can induce a larger pretesting effect
than a single initial guessing attempt (Kliegl et al., 2024). Since
Experiment 1 demonstrated parallel increases in the size of the
pretesting effect with repeated guessing attempts for weakly
related word pairs as study material, a priori, one might assume that
such parallel increases also arise for the two age groups when prose
passages are used as study material.

The second goal was to investigate for the two age groups
whether guessing during pretesting can also facilitate later
retention of information that appeared in the passage but was
initially not pretested. To this end, the fill-in-the-blank sentences in
the one-guess and three-guesses formats alternated with complete
sentences (i.e., the untested information). On the final test, par-
ticipants’ memory of both pretested and not pretested information
was assessed. While prior work suggests that, oftentimes, pre-
testing fails to induce any transfer to untested material even in
young adults (e.g., James & Storm, 2019; Kliegl et al., 2024;
Richland et al., 2009), it has been demonstrated that transfer effects
can arise when participants are explicitly instructed to study not
only the pretested material but also untested information (e.g.,
Carpenter & Toftness, 2017). Therefore, we assumed that empha-
sizing the importance of studying all sentences for the later test might
promote also final test performance of untested information for the
two age groups.

Method
Participants

Fifty-four young adults with a mean age of 21.8 years (48 female,
six male, zero diverse) and 54 older adults with a mean age of 66.6
years (36 female, 18 male, zero diverse) were recruited to take part in
Experiment 2. For reasons of counterbalancing, six fewer partici-
pants were tested than in Experiment 1. We recruited young adults
from Regensburg University and older adults from the community.
All data were collected between September 2023 and February
2024. All participants were Caucasian and gave their spoken informed
consent. Young participants were compensated either financially or
earned some course credit for their participation. Older participants all
received a compensatory amount of money for their participation.
Compared to young adults, older adults performed significantly worse
in the Mini Mental State Examination (young adults: 29.9; older
adults: 28.9), 1(106) = 5.62, p < .001, Cohen’s d = 1.08, and the digit
span task (young adults: 16.6; older adults: 15.5), #(106) = 2.13, p =
.035, Cohen’s d = 0.41, but significantly better in the MWT-B (young
adults: 26.9; older adults: 32.8), #(118) = 9.80, p < .001, Cohen’s
d=1.89,

Material

All participants studied three short German text passages which
had previously been used in Kliegl et al. (2024, Experiment 4) and
dealt with the former U.S. President Woodrow Wilson (233 words),
the country of Brazil (266 words), and Tapirs (252 words). The texts
were created on the basis of information taken from Wikipedia
(https://en.wikipedia.org/wiki/Woodrow/Wilson; https://en.wikipe
dia.org/wiki/Brazil; https://en.wikipedia.org/wiki/Tapir). For each
of the three texts, understanding of their later sections did not depend
on integration with their earlier sections (e.g., Kriechbaum & Béuml,
2024; Wissman et al., 2011). The three texts consisted of 12 sentences
and were employed equally often in each of the three practice
conditions. For each sentence, a short-answer question was created for
the final test which was based on information that appeared in the
sentence (e.g., When did Woodrow Wilson’s presidency begin?). We
divided these 12 questions into two subgroups (Subgroups A and B),
each of which contained six questions. For half of the young and older
adults, the responses that were required for the questions of Subgroup
A referred to the key word missing in the fill-in-the-blank sentences,
while for the other half of young and older adults, the responses that
were required for the questions of Subgroup B referred to the key
word missing in these fill-in-the-blank sentences. On the final test,
participants had to respond to all 12 questions.

Design and Procedure

The experiment again used a mixed design with the between-
subjects factor AGE GrROUP (young adults vs. older adults) and the
within-subjects factor TYPE OF PRACTICE (study only vs. one guess vs.
three guesses). In each of the three practice conditions, all parti-
cipants first studied one of the three texts and, after completing a
5 min distractor activity, engaged in a final test on that passage (see
Figure 2). During the acquisition phase of the study-only condition,
the 12 sentences of a passage were shown one by one. Each sentence
was presented for 25 s overall. During the acquisition phase of
the one-guess condition, the 12 sentences of a passage were again
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Figure 2
Procedure of Experiment 2
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Note. While in the study-only condition, the 12 sentences of a passage were shown sequentially, in the one-guess and three-guesses
conditions, the 12 sentences were also shown sequentially, but for six of the sentences, one key word was missing and participants had
to make either one guess or three unique guesses before the missing word was revealed. Complete and fill-in-the-blank sentences were
always presented alternatingly in the one-guess and three-guesses conditions. After this acquisition phase and a 5-min interval filled
with unrelated distractor activities, participants engaged in a final test on all 12 sentences.

presented one by one at a rate of 25 s per sentence. However, only six
of the sentences appeared intact from the beginning. For the other six
sentences, a key word was missing (e.g., Woodrow Wilson was born
in ____[year] in Staunton, Virginia, as the third of four children.)
and participants were informed 10 s after the onset of the sentence via
a tone signal to make a guessing attempt. Subjects were given 5 s to
attempt their guess before the key word was shown for 10 s. The
acquisition phase of the three-guesses condition resembled the
acquisition phase of the one-guess condition with the only exception
being that participants were required to produce three unique guesses
before the key word was shown. Participants had 5 s for each guess. A
critical feature of the one-guess and three guesses conditions was that
fill-in-the-blank sentences and complete sentences were always
shown in an alternating manner. After the acquisition phase, parti-
cipants engaged in a backward counting task for 1 min and in the
standard progressive matrices task for another 4 min before the final
test on the immediately preceding text was conducted. This test
included the 12 questions on the text, with each question referring to
one particular sentence of the text (e.g., In which year was Woodrow
Wilson born?). Participants were required to answer each question
within a time frame of 8 s. After this test, participants played Tetris
(https://www.geo.de/geolino/spiele/13349-rtkl-onlinespiel-tetris) for
3 min prior to the presentation of the next text passage.

Results
Initial Pretest

A2 x2 ANOVA of the between-subjects factor AGE GROUP (young
vs. older adults) and the within-subjects factor TYPE OF PRACTICE

(one guess vs. three guesses) on percentage of correct guesses during
the initial pretest showed a significant main effect of TYPE OF PRACTICE,
F(1, 106) = 8.09, p = .005, n% = .07, reflecting that more correct
guesses were made for item pairs for which participants were allowed
to make three guessing attempts, relative to one guessing attempt
(8.2% vs. 4.5%). There was no significant main effect of AGE GROUP
and no significant interaction between factors, all Fs < 1.

Final Test

Correct Recall—Tested Information. Figure 1B shows the
percentage of initially pretested questions for which correct answers
were given on the final test as a function of the between-subjects
factor AGE GrouP (young adults vs. older adults) and the within-
subjects factor TYPE OF PRACTICE (study only vs. one guess Vs. VS.
three guesses). A 2 X 3 mixed ANOVA of the two factors on correct-
recall performance revealed significant main effects of AGE GROUP,
F(1, 106) = 60.31, p < .001, ng = .36, and TYPE OF PRACTICE, F(2,
212) = 2141, p < .001, nf, = .17, reflecting that overall recall
performance of older adults was lower than of young adults (55.9%
vs. 76.7%) and that overall recall performance was lower for the
study-only condition than the one-guess and three-guesses condi-
tions (58.9% vs. 70.1% vs. 69.8%). Critically, there was a significant
interaction between the two factors, F(2, 212) =3.13, p = .046, nf] =
.03, suggesting that the effects of TYPE OF PRACTICE varied with
age group.

Two separate 2 X 2 mixed ANOVASs of AGE GROUP and TYPE OF
PRACTICE on correct-recall performance were conducted, with the
first ANOVA including only the study-only and one-guess condi-
tions, and the second ANOVA including only the one-guess and
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three-guesses conditions. The first ANOVA showed a significant
main effect of TYPE OF PRACTICE, F(1, 106) = 31.33, p < .001, nf, =
.23, reflecting an overall increase in correct answers from the
study-only to the one-guess condition. Furthermore, the first
ANOVA showed no significant interaction between the two fac-
tors, F(1, 106) = 1.79, p = .18, n% = .02, reflecting that both age
groups showed a similar increase in correct answers from the
study-only to the one-guess condition. Critically, the second
ANOVA showed no reliable main effect of TYPE OF PRACTICE, F(1,
106) < 1, n% = .002, reflecting no reliable difference in overall
correct answers between the one-guess and the three-guesses con-
ditions. In addition, this ANOVA did show a significant interaction
between factors, F(1, 106) = 7.96, p = .006, nf, = .07. Consistently,
planned comparisons using the Wilcoxon signed-rank test revealed
that young adults’ correct recall increased reliably from the one-guess
to the three-guesses condition (77.7% vs. 83.6%), Z(53) =2.01,p =
.04, whereas older adults’ correct recall did not differ reliably between
the one-guess and the three-guesses conditions (62.6% vs. 56.0%),
Z(53) = 1.73, p = .08.

Correct Recall—Untested Information. Figure 1B shows the
percentage of initially untested questions for which correct answers
were given on the final test. A 2 X 3 mixed ANOVA on correct-
recall performance revealed significant main effects of AGE Group,
F(1, 106) = 50.44, p < .001, nf, = .32, and TYPE OF PRACTICE, F(2,
212) = 547, p = .004, 1112) = .05, reflecting that overall recall
performance of older adults was lower than of young adults (45.7%
vs. 65.7%) and that overall recall performance was lower for the
one-guess condition than the study-only and three-guesses condi-
tions (58.9% vs. 51.7% vs. 56.4%).

Two separate 2 X 2 mixed ANOVASs of AGE GROUP and TYPE OF
PRACTICE on correct-recall performance were conducted, with the
first ANOVA including only the study-only and one-guess condi-
tions, and the second ANOVA including only the one-guess and
three-guesses conditions. Both ANOV As revealed significant main
effects of TYPE OF PRACTICE, all ps < .036, reflecting overall lower
recall performance in the one-guess than study-only condition for
the first ANOVA and overall higher recall performance in the three-
guesses than one-guess condition for the second ANOVA. Neither
of the two ANOVAs showed a significant interaction between
factors, all ps > .45. A third 2 X 2 mixed ANOV As of AGE GrRoup and
TYPE OF PRACTICE on correct-recall performance which included only
the study-only and three-guesses condition showed neither a main
effect of TYPE OF PRACTICE, F(1, 106) = 1.64, p = .20, n% =.02, nor an
interaction between factors, F(1, 106) < 1, n% =.001.

Intrusions. Since the analysis of correct-recall performance did
not provide any evidence of transfer effects, we report analyses of
intrusion errors only for the tested information. Table 1 shows
intrusion rates as a function of AGE GROUP and TYPE OF PRACTICE. A 2 X
3 mixed ANOVA of the two factors on intrusion rate revealed
significant main effects of AGE Group, F(1, 106) = 16.32, p < .001,
N5 = .13, and TYPE OF PRACTICE, F(2, 212) =9.74, p <.001, ny = .08,
reflecting that overall intrusion rate of older adults was higher than
of young adults (23.5% vs. 15.5%) and that overall intrusion rate
was higher for the study-only condition than the one-guess and
three-guesses conditions (23.3% vs. 17.7% vs. 17.4%). There was
no significant interaction between the two factors, F(2, 212) < 1,
np = .007.

Two separate 2 X 2 mixed ANOVAs of AGE GROUP and TYPE OF
PRACTICE on intrusion rate were conducted, with the first ANOVA

including only the study-only and one-guess conditions, and the
second ANOVA including only the one-guess and three-guesses
conditions. Critically, only the first ANOVA showed a significant
main effect of TYPE OF PRACTICE, F(1, 106) = 12.58, p < .001, nf, =
.11, whereas the second ANOVA did not, F(1, 106) < 1, ng =.001,
reflecting an overall decrease in intrusions from the study-only to the
one-guess condition but not from the one-guess to the three-guesses
condition. Neither of the two ANOVAs showed a significant
interaction between factors, all ps > .29.

In Experiment 2, on average, about 9% (young adults) and 8%
(older adults) of the intrusions made in the one-guess and three-
guess conditions were incorrect pretest guesses. The relatively low
percentage of pretest intrusions in Experiment 2 compared to
Experiment 1 may indicate that the type of study material influences
the probability of “pretest” intrusions, with semantically richer prose
passages (Experiment 2) potentially making participants less sus-
ceptible to this type of commission error than weakly related word
pairs (Experiment 1). Like in Experiment 1, a2 X 2 mixed ANOVAs
of AGE GROUP and TYPE OF PRACTICE on “pretest” intrusions did not
reveal any reliable main effects or an interaction, all ps > .65.

Discussion

The results of Experiment 2 showed a pretesting effect for both
young and older adults when a single guess had been made initially,
thereby replicating the findings of the current Experiment 1.
However, only young adults were found to benefit from three initial
guessing attempts, whereas older adults even showed a numerical,
but not statistically significant, decrease in final test recall after three
guesses, relative to a single guess. Critically, older adults’ final test
recall of pretested information following three initial guesses was
still greater than following study only, suggesting that older adults
did benefit, at least to some degree, from multiple initial guesses.
The results on intrusion rates suggest that pretesting again reduced
intrusions on the final test for both age groups, but that the added
reduction in intrusions was not statistically reliable when three
guesses, instead of one guess, had to be made.

Furthermore, the current results suggest that for both age groups,
pretesting was unable to enhance subsequent memory performance
of information that was not pretested. This held both in response to a
single initial guess and three initial guesses, which aligns with the
results of a recent study showing also no benefits for young adults of
either one or three initial guesses on later recall of untested
information (Kliegl et al., 2024). The current findings suggest that
even emphasizing to participants that all details contained within the
prose passages would be relevant for the final test does not nec-
essarily trigger a transfer effect of pretesting.

General Discussion

The present study demonstrates that both young and older adults
can benefit from pretesting even when multiple initial guesses are
made during acquisition. For young adults, the results of
Experiments 1 and 2 showed that, with both weakly associated word
pairs and prose passages as study material, repeated initial guessing
attempts can increase the size of the pretesting effect on the final
test—thus replicating prior work (Kliegl et al., 2024). However,
final test recall in Experiment 2 did not provide evidence for a
pretest-induced transfer effect to previously untested but studied
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information (for a more detailed discussion, see below). As for
young adults, Experiment 1 showed a reliable pretesting effect for
older adults after one initial guessing attempt which increased in
magnitude when three initial guesses had to be made. Experiment 2
also showed mostly parallel effects of pretesting between young and
older adults, with reliable pretesting effects following both a single
guess and three guesses, as well as a lack of any transfer effects to
previously untested but studied information. Unlike for young
adults, however, Experiment 2 found no additional benefit of
repeated guessing attempts during pretesting for older adults.

The Effects of Pretesting on Tested Information

The current results on the effects of pretesting on tested material
are well in line with the elaboration account for young adults.
According to this explanation of the pretesting effect, initial guessing
attempts should induce a more elaborate activation of memory re-
presentations related to the cue item than study only, thus facilitating
access to the target item on the final test. Consequently, repeated
guessing attempts during pretesting would be expected to create even
more memory traces than a single guessing attempt through which
retrieval of the target item is enabled on the final test, thereby
increasing the magnitude of the pretesting effect. For young adults,
both Experiments 1 and 2 found that the magnitude of the pretesting
effect increased with the number of initial guessing attempts, which
is exactly what the account predicts. For older adults, only
Experiment 1—but not Experiment 2—demonstrated that the
magnitude of the pretesting effect increased with number of
guesses, which appears more difficult to align with the elabo-
ration view (see below).

While most of the present results for tested material are broadly
consistent with the elaboration account of the pretesting effect, most
of these results also align with another prominent explanation of the
effect—the episodic context account (Metcalfe & Huelser, 2020).
This account proposes that when we store information, we encode
features of the temporal context that is present when we encounter
that information (Estes, 1955; Mensink & Raaijmakers, 1988).
These features may relate to various aspects of an event, such as the
external environment or a person’s mental state. While temporal
context is assumed to change over time, there is evidence that certain
activities, such as memory retrieval, can accelerate contextual shifts
(e.g., Jang & Huber, 2008; Jonker et al., 2013). Since pretesting
should involve higher levels of memory retrieval than studying
alone, pretested information can get linked to a richer context that
includes an integrated memory representation of the pretest context
and the study context, whereas study-only information should be
linked with merely the study context. Repeated guessing attempts
during pretesting may afford an additional benefit because each
guessing triggers a slightly new context and therefore a wider variety
of contextual elements that become associated with the pretested
information, thereby promoting recall of the pretested information on
the final test. While the account resembles the elaboration account by
assuming that repeated guesses induce a richer memory representation
than a single guess, critically, this enrichment is thought to be
episodic—and not semantic—in nature. The account thus can also
explain the beneficial effects of repeated guessing attempts on later
recall. However, as with the elaboration account, it is also not
immediately obvious how it should explain why older adults only

showed an increased pretesting effect when the number of guesses was
increased in Experiment 1, but not in Experiment 2.

The discrepancy in results between weakly related word pairs
(Experiment 1) and more factual text-based material (Experiment 2)
may remind us of earlier work on possible differences in pretesting
effects between word pairs and text-based material, in which
immediate correct-answer feedback was required to induce the effect
with weakly associated word pairs, whereas delayed feedback pro-
duced the effect with trivia questions or prose passages (e.g., Kornell,
2014; Richland et al., 2009). This discrepancy has been attributed, for
instance, to the possibility that pretest cues (i.e., questions) which
refer to text-based material—such as What year was Woodrow Wilson
born?—may generally be more memorable after a delay than pretest
cues which refer to an associated cue word (e.g., star—? Kornell,
2014). Regarding the present discrepancy in results obtained for word
pairs and prose passages, there may be a critical role for older adults’
well-known susceptibility to intralist interference (e.g., Radvansky
et al., 2005)—a type of interference arising from the competition
between elements of a single study list or segment (e.g., Raaijmakers &
Shiffrin, 1981; Rundus, 1973).

Indeed, while the weakly related word pairs used in Experiment 1
have been shown in earlier work to induce relatively low levels of
interference between the pairs of a list (Tulving & Arbuckle, 1963),
the fact that the sections of the text passages used in Experiment 2
were difficult to integrate but all revolved around the same topic
(e.g., Woodrow Wilson) without being easily integrated makes it
possible that the text passages had considerable potential to induce
intralist interference. This interference potential may have been
particularly high on the final test when participants were asked to
recall information for which three guesses had been made during
pretesting. In these cases, participants not only had their own guesses
as a possible source of interference but also facts from the other
sections of the text. For instance, the final test question What year was
Woodrow Wilson born? (correct answer: /856) may not only have
elicited earlier guesses (e.g., 1920, 1834, 1899) but also, for example,
the year in which Wilson enrolled at his university (i.e., /883). Due to
their increased susceptibility to intralist interference, older adults in
particular may have had problems at accessing the correct response on
the final test, which could explain why repeated guessing attempts
induced no benefits in older adults in Experiment 2. It is still possible
that repeated guessing attempts could benefit memory in older adults
when using texts whose subsections can be integrated more easily
than in the present study (e.g., Kriechbaum & Bauml, 2024; Wissman
et al., 2011), since integration has been shown to reduce interference
(e.g., Wahlheim & Jacoby, 2013).

The (Lack of) Effects of Pretesting on Untested
Information

If pretesting indeed enhances elaborative encoding, and if this
type of processing spills over to untested information, then recall
performance of untested information should also improve after three
guesses compared to one guess. For young and older adults, the
results of Experiment 2 did reveal such a pattern, which aligns with
the elaboration view. However, these considerations would also lead
to the expectation that recall of untested information is higher after a
single guessing trial—and even more so after three trials—than in
the study-only condition, which was not the case in Experiment 2.
The present results thus did not provide any evidence for pretest-
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induced transfer effects to untested information for either young or
older adults. We had expected that by i) emphasizing to participants
prior to the start of the experiment that all study material would be
relevant on the final test and ii) presenting untested sentences in
close temporal proximity to sentences which received a pretest
during the acquisition phase might promote such transfer. While the
finding appears inconsistent with Carpenter and Toftness (2017)
demonstrating transfer effects when all study material was deemed
important for the later test, it aligns with the observations from
several studies which also failed to provide any evidence for
pretest-induced transfer effects to untested information (e.g.,
James & Storm, 2019; Kliegl et al., 2024; Richland et al., 2009).

Similar to the elaboration account, the episodic context account
cannot easily accommodate for the detrimental effect of pretesting
on the recall of untested information after a single guessing attempt.
Unlike the elaboration account, however, the episodic context
account also cannot explain why three guessing attempts improve
the recall of untested information relative to a single guessing attempt.
Indeed, the episodic context account assumes that pretest-induced
enrichments in mental context should only affect tested information,
irrespective of the number of guessing trials. In its current form, the
account therefore appears less capable of explaining the current
pattern of results for both tested and untested information than the
elaboration account.

The recently proposed attentional-window hypothesis (Sana &
Carpenter, 2023) might explain why we failed to obtain a transfer
effect in Experiment 2. The account applies particularly to pretest
situations in which texts or videos are used as study material and
participants are asked to answer a number of pretest questions before
the material is exposed. The assumption is that such pretesting opens
an attentional window in which participants focus on finding the
correct responses to the pretest questions. Critically, the window is
assumed to close once the correct answer has been found. In support
of their hypothesis, Sana and Carpenter showed that final test recall
of untested information gets boosted when the information appears
“in the attentional window,” that is, prior to the tested information,
but not when the untested information appears after the tested
information. As the untested information in Experiment 2 was always
presented after the tested information, it seems plausible on the basis
of this explanation that no transfer effect was observed. Critically,
the attentional-window and elaboration accounts are not mutually
exclusive because, for instance, a pretest-induced attentional window
might trigger a more elaborative encoding of untested information
that is encountered prior to the pretested information. It should be a
high priority of future research to investigate such a possibility.

A Practical Recommendation

From a more practical perspective, the current findings, together
with prior work (Cyr & Anderson, 2012, 2015) suggest that pretesting
may serve as an effective learning tool not only in young adults but
also in older adults. The results of the present two experiments in
particular indicate that, for both age groups, an initial learning session
which includes at least a single guessing attempt can promote sub-
sequent recall performance more effectively than a learning session
which includes mere study of the information. Another, more pre-
liminary, conclusion from the present findings might be that repeated
initial guessing attempts may further boost older adults’ memory, as
long as a relatively simple learning task is used, in which a cue

information needs to be encoded together with a target information
without distraction from other to-be-learned material. This might
include such tasks as vocabulary learning or the learning of face-
name pairs. More complex material like prose passages may limit
the pretesting effect—especially when its sections are difficult to
integrate—and not lead to a boost in performance with multiple
guessing attempts.
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