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Working memory performance is often assumed to benefit from different maintenance control strategies
such as rehearsal, refreshing, elaboration, and grouping. In studies assessing strategy self-reports, some strat-
egies were indeed associated with better recall. Nevertheless, experimental studies assessing the effect of
instructing maintenance strategies compared to a no-instruction baseline lend no evidence for the effective-
ness of these strategies for working memory. Explanations for this contradiction could be that instruction
implementation engenders dual-task costs or that strategy instructions reduce adaptive strategy switching.
Across two experiments, we investigated the frequency and variability of strategy use with trial-wise self-
reports in serial recall of word lists. Furthermore, we examined potential instruction costs by comparing per-
formance in trials with self-reported versus instructed use of the same strategies. Self-reported strategy use
varied from trial to trial, with elaboration and rehearsal being the most frequent. Self-reported elaboration
was correlated with better performance than reading and rehearsal. For the most prevalent strategies—
elaboration and rehearsal—there were no costs of instructed strategy implementation. Our results speak
against dual-task costs and for the advantage of adaptively choosing one’s own strategy from trial to trial.
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Working memory (WM) is understood as a capacity-limited store
that holds information available for ongoing processing. Maintenance
strategies—such as rehearsal, refreshing, different forms of elaboration,
as well as grouping—are assumed to control what is retained in WM,
with different effects on immediate and delayed recall (Atkinson &
Shiffrin, 1968). Rehearsal refers to the overt or covert repetition of
the memoranda to oneself (Baddeley, 2010). Elaboration encompasses
processes that enrich the memory representation of an item by activat-
ing many aspects of its meaning and by linking it into the preexisting
network of semantic associations (Craik & Tulving, 1975), as, for
example, the creation of a sentence linking words presented for
study, or the use of mental imagery. Refreshing is defined as a domain-
general attentional process that is understood as briefly thinking of a

stimulus just after it is no longer physically present but while its mental
representation is still active (Johnson et al., 2002). Grouping is defined
as organizing the memory list into shorter groups of pairs or triplets
(Ryan, 1969a).

In some theories of WM, maintenance processes such as rehearsal
and refreshing play a key role in explaining people’s performance
in immediate memory tasks (e.g., Baddeley, 2010; Barrouillet et al.,
2011; Cowan, 2005). In other theories, maintenance processes play
a more minor role (Nairne, 1990) or none at all (Lewandowsky &
Farrell, 2008; Oberauer et al., 2012). Therefore, finding out which
maintenance processes people engage in and whether they are effec-
tive in maintaining information in WM contributes to evaluating com-
peting theories of WM. This is the aim of the present work.
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Studies have shown that in WM tasks, subjects report to engage in
these strategies to different degrees (Bailey et al., 2008, 2011; Belletier
et al., 2023; Dunlosky & Kane, 2007; Kaakinen & Hyond, 2007;
Morrison et al., 2016; Richardson, 1998; Unsworth, 2016). Also,
the choice of strategy in these studies is correlated with retrieval suc-
cess—some self-reported strategies such as mental imagery, sentence
generation, and grouping are associated with a better memory than
others. Yet, this positive correlation between recall and self-reported
strategy use is not sufficient to establish a causal effect of these strat-
egies on memory storage. For instance, the relationship could equally
well be explained by having a good representation of the current mem-
ory set being a prerequisite for carrying out strategies such as elabora-
tion. Alternatively, participants could be using memory strength to
infer the sorts of strategies that they may have used to encode this
information. In order to draw causal inferences, we must turn to exper-
imental evidence: Past research has compared performance under dif-
ferent experimental conditions in which the respective strategies were
instructed, leading to inconclusive results or even evidence against
their benefit (for a review, see Oberauer, 2019a).

Here we investigate possible explanations for why correlational stud-
ies on strategy use show consistent correlations with performance in typ-
ical WM tasks, such as complex or simple span (e.g., Bailey et al., 2008,
2011; Dunlosky & Kane, 2007; Richardson, 1998), whereas experimen-
tal attempts to improve performance by inducing strategies that were cor-
related with better performance in the aforementioned studies never
succeeded (e.g., Bartsch et al., 2018; Jonker & Macleod, 2015; Souza
& Oberauer, 2018). In the following, we briefly summarize both the cor-
relational as well as experimental evidence for each strategy.

Self-Reported Use of Memory Control Processes

In past self-report studies, strategy use has been mostly assessed by
asking participants at the end of the experiment to indicate for each
trial—presented to them again—which strategy they used in that
trial: reading, rehearsal, sentence generation, imagery, grouping, or
something else. Rehearsal is generally reported most frequently,
occurring in ca. 33%—50% of trials of simple and complex span
tasks, followed by reading (21%—43%), mental imagery (6%—14%),
grouping (5%—13%), and sentence generation (2%—13%; see Bailey
etal., 2008, 2009, 2011 for details). Span performance is significantly
higher in trials in which individuals report to engage in mental imag-
ery and sentence generation compared to merely reading each word as
it is presented or engaging in rehearsal (Bailey et al., 2008, 2009,
2011; McNamara & Scott, 2001).

Given this correlational evidence on the effectiveness of some of
these strategies, it seems plausible that either (a) increasing the time
interleaving the memoranda in a WM task or (additionally) (b)
instructing a specific strategy in some trials would allow any individ-
ual to engage in effective strategies more often, or to switch from a
less effortful strategy (e.g., reading) to one that requires more pro-
cessing, but which leads to a larger mnemonic benefit (e.g., sentence
generation). In the following, the experimental evidence for this
hypothesis and the role of each strategy are briefly summarized.

Experimental Evidence for a Beneficial Role of
Maintenance Strategies in WM

To measure the occurrence of rehearsal, some previous studies have
employed overt rehearsal protocols: Participants are instructed to carry

out their rehearsals overtly and the experimenter records them for anal-
ysis. This method permits the online evaluation of rehearsal as it
unfolds in the WM task. Tan and Ward (2008) used an overt rehearsal
protocol and observed a correlation between the length of cumulative
rehearsal—that is, looping through memory items in their order of
presentation—and the benefits of increasing free time in a serial
recall task. These results suggest that participants benefit from free
time because they can rehearse the memoranda in the pauses
between items.

Experimental work, however, has challenged the causal role of
cumulative rehearsal in promoting memory benefits: One early study
tested the effect of practicing cumulative articulatory rehearsal on per-
formance in the complex-span paradigm (Turley-Ames & Whitfield,
2003). The trained group showed better performance when encoding
was self-paced, yet this was because they took more time to encode
the items. When the time to encode each item was controlled by the
experimenter, the advantage of the trained group disappeared.

Using the overt rehearsal protocol, Souza and Oberauer (2018,
2020) showed that increasing the number and length of cumulative
rehearsals during free time via instructions did not result in better per-
formance compared to conditions without instruction (free rehearsal)
in simple span as well as complex span tasks. These results cannot be
explained by rehearsal being already maximally beneficial in the free
rehearsal baseline. In one experiment, participants were instructed to
read aloud during the free-time intervals, either the spontaneous
rehearsals performed by a yoked participant in the free-rehearsal con-
dition or irrelevant syllabi (“bababa”). Reading the rehearsals of
another participant should facilitate rehearsal by even removing the
necessity to retrieve memory items, whereas irrelevant articulation
impedes rehearsal. Nevertheless, performance in these two conditions
did not differ (Souza & Oberauer, 2018).

Elaboration (which encompasses sentence generation and imag-
ery) is the second most commonly reported strategy. Recent studies
investigating the effect of experimentally instructing elaboration
in WM found no evidence for a WM benefit, although elaboration
promoted long-term memory (LTM; Bartsch & Oberauer, 2021;
Bartsch et al., 2018, 2019; Jonker & Macleod, 2015). In the
instructed elaboration condition, WM performance was never better,
and in most cases worse, than in a baseline condition in which par-
ticipants were free to do whatever they wanted.

Refreshing is a more recent addition to the list of maintenance strate-
gies (see Camos et al., 2018, for a review). Participants hardly ever report
spontaneously engaging in refreshing (Loaiza & Lavilla, 2021).
Refreshing, however, has been argued to improve WM (Souza &
Oberauer, 2017; Souza et al., 2015, 2018; Vergauwe & Langerock,
2017) as well as LTM (Camos & Portrat, 2015; Loaiza & Mccabe,
2012; McCabe, 2008). Studies explicitly guiding attention to individual
WM elements via retro-cues during the retention interval improved per-
formance for tests of the cued items, and performance increased with the
number of guided refreshing steps (Souza et al., 2018). Nevertheless,
instructing people to refresh a memory set did not lead to any WM or
LTM benefits in comparison to a free baseline (Bartsch et al., 2018).
Some authors have proposed a distinction between a quick and uncon-
scious process of refreshing (e.g., in the Time Based Ressource Sharing
model; Barrouillet & Camos, 2012) and a slower, more deliberate form
of refreshing. The latter is defined as focusing one’s conscious attention
to an item after it is no longer physically present (Raye et al., 2007).
Here, we are interested in the latter form of refreshing because only delib-
erate refreshing can be considered a strategy.
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Participants also report grouping in a small proportion of trials
(5%-13%). Experimental evidence suggests that serial recall perfor-
mance is higher in case the items are presented in groups of threes—
operationalized through the insertion of temporal gaps at the group
boundaries—compared to ungrouped presentation (e.g., Broadbent
& Broadbent, 1981; Hartley et al., 2016; Hitch et al., 1996; Liu &
Caplan, 2020; Ryan, 1969a, 1969b). Yet, imposing a temporal gap
through the rhythm of the stimuli is not the same as participants trying
to create groups of items presented at a constant pace. Early work indi-
cated that performance in a condition with merely instructed grouping
was numerically better than in an ungrouped condition but not sig-
nificantly different (Ryan, 1969a, Experiment 1). More recent work
indicates that instructed grouping—when the list presentation is
ungrouped—shows similar effects to those observed under temporal
grouping on immediate memory performance (Farrell, 2008).

A recent study by Barrouillet et al. (2021) combined instructions
of rehearsal and refreshing for different subsets of the memory list—
a procedure they termed the maxispan. In the basic procedure, part of
the memory list was presented in blue (three to five letters) and the
remaining items (one to six letters) were presented in black font.
Participants in the maxispan condition were instructed to rehearse
the blue letters and mentally maintain the black letters, whereas par-
ticipants in the control condition did not receive instructions regard-
ing the colors. The maxispan procedure yielded higher spans when
participants were instructed to rehearse four to five letters, especially
when these were followed by large sets of black letters. This study
suggests that instructing rehearsal could be beneficial, particularly
when large lists are presented (lists larger than six items) and
when subsets of the list are clearly segregated (using different colors
or presentation modalities). Yet, given that this study did not include
control conditions in which subsets of the list were not grouped or in
which rehearsal (or refreshing) of all letters was instructed, it is dif-
ficult to separate what was the contribution of grouping, or whether
this effect is due to rehearsal of only a subset of the list, refreshing of
only a subset of the list, or both. Furthermore, the combination of
rehearsal and refreshing is not something that participants report
doing on their own (and notice that their baseline is a free-strategy
condition). Hence, it is unlikely to account for the conflicting results
between the correlational and experimental studies on strategy use.

Taken together, the maintenance strategies that some prominent
theories of WM assume to be effective (i.e., rehearsal and refreshing)
or that self-report studies suggest to be effective (i.e., elaboration)
did not show a consistent benefit in experimental studies in which
these strategies were instructed. This led to questioning their benefi-
cial role for WM in general.

Hypotheses on Discrepancies Between Self-Report
and Experimental Instruction Studies

On the one hand, correlational studies indicate a relation between
engaging in certain maintenance strategies and better recall from
WM whereas, on the other hand, most experimental studies that
manipulated the engagement in these strategies have observed no evi-
dence that they improve memory. Why do these two sets of studies
yield conflicting evidence?

We can think of two possible explanations. First, experimentally
instructing a strategy of interest requires participants to maintain and
carry out the strategy as instructed, which can function as a secondary
task, thereby creating a dual-task cost on WM that counteracts any

potential benefits of the instructed strategy relative to a baseline in
which people were free to select their strategy. To uncover a potential
dual-task cost of instructed strategies, one needs to compare perfor-
mance in conditions with instructed and self-selected strategy use.
One prediction from this hypothesis is that dual-task costs should be
larger, particularly for those strategies that are more cognitively
demanding. Previous research has shown that elaboration is fairly
demanding, rehearsal is modestly demanding, and reading is minimally
demanding (Naveh-Benjamin & Jonides, 1984; Thalmann et al., 2019).
Refreshing has also been conceptualized as a fairly demanding strategy
(Camos et al., 2018). Accordingly, we should expect instructions to
elaborate and refresh to be more costly to implement, followed by
rehearsal and, lastly, by reading. A second prediction of this hypothesis
is that the dual-task costs should be greater for strategies that are
less frequently used because these strategies are less practiced.
Accordingly, we should expect instructions to refresh to be more costly
to implement, followed by grouping, elaboration, and rehearsal.'

A second explanation starts from the observation from self-report
studies that individuals spontaneously apply a mixture of various mem-
ory strategies over the course of an experiment (Morrison et al., 2016).
This may indicate that they adaptively shift from one strategy to another
depending on the memoranda or based on their subjective success with
a strategy. Studies in which participants are instructed to use one strategy
throughout prevent such adaptive switches, thereby resulting in worse
performance across all trials than in a baseline condition in which people
can freely switch between strategies. If people choose their strategy
based on how well it is suited for the memoranda of a trial, the difference
between performance in instructed trials and in trials where people use
the same strategy in the free baseline condition would become most
apparent for the strategies that are rarely chosen, because in those
cases, the instructed strategy is not the best for the majority of trials.
Alternatively, if adaptive switches occur based on the subject’s assess-
ment of their performance, we should see switches more frequently fol-
lowing low-performance trials compared to high-performance trials.

Experiment 1

The goal of the present study was to investigate the effectiveness of
WM strategies for maintenance. To resolve the ambiguity from previ-
ous research on this question, we asked whether instructions to engage
in a certain strategy alter memory performance compared to when par-
ticipants indicate to have engaged in the same strategy spontaneously.
To that end, we were interested in whether—within a person rather
than across studies—performance in trials of self-reported use of a
given strategy differs from performance of that same participant
when this strategy was instructed. If performance is better when par-
ticipants spontaneously engage in a strategy, this may indicate that
instructed strategy use does not produce a benefit in experimental
studies because maintaining and implementing the instruction
imposes a cost or because it precludes natural variability and adaptive
shifting between strategies.

We invited participants into the lab on two separate days to com-
plete two sessions of a verbal serial-recall task in which the memo-
randa were interleaved with generous free time—providing ample
opportunity to engage in any of the above candidate strategies.

! Reading is also a rarely reported strategy, but reading a word is a very fre-
quent activity, so that we cannot expect it to impose a higher dual task due to
being less practiced than other strategies.
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In the first session, participants were free to engage in any strategy
they wanted, and their chosen strategies were measured with strategy
self-reports after recall in each trial. This procedure allowed us to get
an insight into the trial-to-trial variability or stability of using the dif-
ferent strategies. Strategy reports after each trial are preferable over
global strategy reports or retrospective reports collected at the end
of the experiment because retrospective reports could be distorted
by participants misremembering their own strategies. Importantly,
strategy reports after each trial have been shown previously to have
minimal reactive effects, with the reporting of a strategy on one trial
having little influence on strategy selection or immediate serial recall
performance on subsequent trials (Dunlosky & Kane, 2007).

In the second session, participants were instructed to use one of the
memory strategies for miniblocks of four trials. After recalling all
items of each trial, they were to indicate whether they had complied
with the instruction and, if not, what they had done instead. We kept
the order of sessions constant to avoid any influence of the instructions
of strategies on the pattern of strategies self-chosen by the participants.
We discuss possible confounding effects of this choice such as fatigue
and practice effects in the General Discussion section. Both sessions
further included a delayed free recall test for all the items presented
during the session in order to measure the influence of the WM strategy
applied for the formation of LTM representations.

Method
Participants

We recruited 30 students (20 females, 10 males, M, . =23.47)
from the University of Zurich. We chose the sample size because
it is sufficient to detect medium to large effects in within-subjects
designs. The use of Bayesian statistics means that the sample size
could have been increased in case of ambiguous evidence
(Rouder, 2014), but this was not necessary.

In both experiments reported here, participants were compensated
with either 45 Swiss Francs (about 45 USD) or partial course credit
for completing two sessions, with the first lasting one and the second
lasting 2 hr. Participants signed an informed consent form before the
start of the experiment and were debriefed at the end. The studies
were carried out in agreement with the rules of the Ethics
Committee of the Faculty of Arts and Sciences of the University
of Zurich and did not require special approval.

Materials and Procedure

Lists of six nouns were studied for a forward serial recall test. The
stimuli were drawn from a pool of 1,182 German abstract and con-
crete nouns (591 each). Concrete nouns had a mean imageability rat-
ing of 5.65 (range =4.54-6.89, on a 7-point scale) and abstract
nouns of 3.16 (range = 1.35-4.45). The nouns were between three
and 10 letters long and had a mean frequency of 58.58/million
(Vo et al., 2009). In both sessions, stimuli were drawn without
replacement from the large pool of abstract and concrete nouns,
and within a given trial, all items were either abstract or concrete.

The sequence of an experimental trial is illustrated in Figure 1.
Prior to completing the WM task, subjects were informed about
the possible memory strategies people typically use during WM
tasks, specifically about mere reading, rehearsal, refreshing, mental
imagery, sentence generation, and grouping. Across four practice tri-
als, they were familiarized with the task.

A fixation cross cued the beginning of a trial for 1,000 ms. Thereafter,
six words were presented sequentially for 500 ms with a 4,500 ms blank
interitem interval. The memoranda (font size = 24 pt) were presented in
boxes (size =200 pixels) equidistantly arranged on an invisible circle
centered on the screen in clockwise order, starting at the top box.
After the blank following the sixth word, the WM test followed: A
box appeared in the middle of the screen prompting subjects to type
in the words one by one in forward serial order. Participants did not
receive feedback regarding memory accuracy after the WM trials.

We chose this task because serial recall is one of the most common
measures of WM, as it entails the critical binding component (binding
words to serial positions), which has been shown to underly the capac-
ity limit of WM (Oberauer, 2019b; Wilhelm et al., 2013). We choose
the unusually long interitem time to create optimal conditions in
which strategies could be effectively employed and their putative ben-
eficial effects observed. Tan and Ward (2008) and recent replications
(Souza & Oberauer, 2018, 2020) using overt rehearsal protocols
showed that with the more common timing of 1 s per item, partici-
pants hardly engaged in rehearsal. On about half the occasions, they
did not say any words aloud, and in the remaining cases, they merely
repeated the last word rather than cumulatively rehearsing all previous
words. This led us to choose a slow presentation rate that in previous
studies (Tan & Ward, 2008, one item/5 s—slow presentation condi-
tion; and Souza & Oberauer, 2018; one item/5 s—slow condition)
induced substantial rates of self-selected cumulative rehearsal.
Using faster paces would severely limit the use of rehearsal, and prob-
ably also other demanding maintenance strategies such as sentence
generation and imagery, thereby biasing this study to fail to observe
their potential beneficial effects on memory.

In Session 1, after recalling all six items, subjects were prompted to
indicate which strategies they had engaged in during the past trial by
clicking on the respective option. The participants were allowed to
choose only one strategy per trial. The options were (with the original
label in German): (a) reading (lesen), (b) rehearsal (wiederholen), (c)
refreshing, described as directing attention to the memoranda
(Aufinerksamkeit auf Geddichtnisinhalte legen), (d) mental imagery
(bildlich vorstellen), (e) sentence generation (Satz generieren), (f)
grouping (gruppieren), (g) other (eine andere Strategie), and (h) noth-
ing (nichts). The strategy prompts and the strategy descriptions provided
at the beginning of the experiment were adapted from Dunlosky and
Kane (2007), except for the refreshing instruction, which was based
on descriptions provided to us by 12 experts in the field of refreshing.”
The (translated) general descriptions can be found in Table 1.2

In Session 2, prior to the start of the sequential presentation of
memoranda, subjects were instructed to use one of the six memory
control processes for the upcoming miniblock of four trials (see
Table 1 for the miniblock instructions of the strategies). After
recalling the six words, the trials in Session 2 ended with a screen
asking subjects whether they had complied with the instructions,
and if not, they were prompted to indicate which strategies they
used instead, using the same eight-alternative questionnaire as in
Session 1.

2 We thank the attendees of the workshop “The Crossroads of Attention in
Working Memory: Consolidation, Refreshing, & Removal” for their descrip-
tions provided to us anonymously.

3 Note that our descriptions of rehearsal and mental imagery were general,
including any possible implementation of these strategies (e.g., cumulative
rehearsal or other rehearsal schedules; static images or an interactive image).
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Note. (A) Participants were shown a list of six words sequentially across different boxes on the screen and tested with typed recall in forward serial order.
(B) In Session 1, after recall of each list, subjects were prompted to indicate which of the memory strategies they had engaged in. (C) In Session 2, a prompt like
the one depicted in the panel instructed subjects which strategy to use during the upcoming trial. Here, one example condition (reading) is depicted; instructions
for the other strategies in Table 1 used an analogous screen display. After recall, participants were asked whether they had followed this instruction during the
past trial. WM = working memory. See the online article for the color version of this figure.

In Session 1, there were 60 trials of the WM task, and Session 2
comprised 24 miniblocks of four trials per strategy for a total of
96 trials. The order of strategies across miniblocks was randomized
for each participant. Half of the trials of each session consisted of
concrete and the other half of abstract lists.

After the end of the WM task in each session, an unrelated distracter
task followed in which participants had to indicate the correctness of
visually presented math equations (e.g., 9 x 8 =72) for 2 min. After
that, there was a typed delayed free recall memory test, wherein the
participants were asked to recall as many memory items from the

Table 1
Strategy Descriptions and Instructions Used in Sessions 1 and 2 of Experiments 1 and 2

Strategy Description provided in Session 1 Miniblock instruction in Session 2
Reading You just read the words as they appeared on the screen. Simply read the words as soon as they appear on the screen.
Rehearsal You repeat the words as often as possible in your head or out loud. Repeat the words in your head or aloud as many times as possible.
Refreshing You direct your attention back to all the words presented so far.  Direct your attention back to all the words presented so far.
You do not articulate the words, but only think quickly and briefly You should not articulate the words, but just think quickly and
about each word. briefly about each word.
Mental imagery You mentally imagine the words in one picture. Imagine the words in one mental picture.

Sentence generation
Grouping

You form a sentence to link the words together.

of two or memorize the first half of the list together and the

second half together.

Form a sentence using the words in order to link the words together.
You memorize the words in groups, for example, always in groups Memorize the words in groups, for example, always in groups of two
or the first half of the list together and the second half together.
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WM task as possible. This test served to assess the effect of each WM
strategy on episodic LTM. Participants were made aware of the
delayed memory test before the start of the experiment.

Data Analysis

The dependent variables of interest were (a) frequency of strategy
self-reports in Session 1 and (b) serial recall accuracy (i.e., the propor-
tion of words correctly recalled using strict correct in-position scoring)
as a function of self-reported and instructed WM strategy. Furthermore,
we also investigated the trial-to-trial variability in self-reported strategy
use by examining the transition probabilities of reporting one strategy
given the strategy reported in the previous trial. We analyzed the data
using Bayesian linear mixed-effects (LME) models using the ImBF
function implemented in the BayesFactor package (Morey et al.,
2015) in R (R Core Team, 2017). With this, we calculated Bayes factors
(BFs), which represent the strength of evidence for a specified model
(M1) against a null or reduced model (MO). For instance, we can cal-
culate the evidence for the effect of WM strategy (BF,() by comparing
the evidence for a model including this factor against an intercept-only
model that serves as the null model. Additionally, we can calculate evi-
dence against an effect of WM strategy (BFy;), where BF,; = 1/BF.
A BF larger than 1 gives evidence for an effect, and a BF; lower than
1 provides evidence against an effect and hence evidence for the null
hypothesis. A BF; of 10 indicates that the data are 10 times more likely
under the alternative hypothesis than under the null hypothesis.
Usually, BFs below 3 are regarded as anecdotal evidence and
BFs > 3 are regarded as providing substantial evidence for one hypoth-
esis over the other (Kass & Raftery, 1995). All models included a ran-
dom intercept for participant, and random slopes over participants for
the effects of the variables manipulated within subjects (Barr et al.,
2013; Oberauer, 2022a).

Results

We first report the results on two questions about strategy use:
(1) Which strategies do subjects report to engage in spontaneously?
(2) Do subjects comply with strategy instructions? Then we turn to
the performance in the immediate memory task to answer our main
research question: (3) Do strategies impact WM? By answering these
questions, we test our two main hypotheses: (a) Strategy instruction
produces a general dual-task cost in WM that prevents their benefits
from being measured and (b) strategy instruction prevents adaptive
switching between strategies. Finally, we then turn to the question
(4) Do the strategies also impact LTM performance?

All data and analysis scripts can be accessed on the Open Science
Framework (https:/osf.io/m2hx3).

What Strategies Do Subjects Spontaneously Use During
Free Time?

Strategy Self-Reports. The mean proportion of trials in which
each strategy was reported in Session 1 is shown in Figure 2. This
variable was calculated by first computing the mean proportion of
trials in which each strategy was reported by each subject and then
averaging across all subjects. As a first step, we were interested in
the overall strategy occurrence and how they rank from most to
least frequent. Here, the most reported strategies were sentence
generation, mental imagery, rehearsal, and grouping, in that order.
Other strategies, such as refreshing or reading, were rarely reported.

Regarding strategy differences between lists, concreteness
increased the probability of choosing mental imagery and grouping
(see Figure S9 in the online supplemental materials for details).
Rehearsal and reading were more likely to be chosen in abstract
than concrete trials. We turn to the question of whether concreteness
also affected the effectiveness of the instructed strategies below.

Strategy Switches Between Trials. Figure 3 shows the transi-
tion probabilities of reporting each strategy, given the strategy
reported in the previous trial. This figure illustrates the trial-to-trial
variability in strategy use. Subjects were generally more likely to
switch than to stay with a certain strategy, with a mean switching fre-
quency of 77.95% (SD = 11.72). The probability of switching is
hereby calculated as the proportion of transitions (from Trial n to
n+ 1) with a switch out of all transitions. We also investigated
whether trial-to-trial variability in strategy use might reflect changes
induced by task exposition such as learning or fatigue.

Figure 4 shows the proportion of self-reported strategies over tri-
als. The pattern indicates that the subjects showed neither patterns of
fatigue nor learning.

Do Subjects Comply With Strategy Instructions?

One critical issue in instructing a strategy is to measure compliance
with strategy use. In Session 2, we asked participants after each
instructed-strategy trial whether they did in fact apply the memory con-
trol process instructed to them and, if not, what they were doing
instead. Subjects indicated to comply with the instructions in
84.39% of the trials (SD = 24.22). The Bayesian LME model revealed
evidence against a difference in compliance across instructed strategies
(BF;9=0.0002). In sum, self-reported compliance was very high; in
the recall performance analyses, only compliance trials were included.

The Effect of Strategies on Immediate Serial Recall

Do Strategies Impact WM Performance? Now, we will turn
to the functionality of maintenance strategies for WM. We examined
whether there was evidence for an overall WM cost to implementing
a strategy instruction by comparing WM performance in conditions
in which a strategy was self-reported versus instructed.* If there is
a dual-task cost of implementing instructed processes, this should
lead to a cost, particularly for those strategies that are cognitively
demanding (i.e., refreshing and elaboration), those strategies used
rarely (i.e., reading, refreshing), or both.

We present analyses with mean serial recall accuracy, defined as
the proportion of words recalled in their correct serial position, as
dependent variable. We had no a priori hypothesis about the inter-
action of serial position with the effect of instructed compared to
self-chosen strategies on immediate recall performance. Therefore,
we have included those visualizations and analyses for the interested
reader in the online supplemental materials.

Are There Dual-Task Costs of Implementing Instructed
Strategies? Figure 5 shows the immediate serial recall performance

# Our experiments entailed more trials for the instructed strategy session
(96 trials) compared to the self-report session (60 trials). To investigate
whether that differences might have influenced our results, we ran all critical
analyses also on data including only the first 60 trials of the instructed ses-
sion. As shown in the online supplemental materials, the pattern of results
remained the same.
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Figure 2

Mean Proportion of Self-Reported Strategies in Session 1 of Experiment 1
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Note.  Error bars reflect the standard error of the mean. See the online article for the color version of this figure.

over strategies and sessions. The Bayesian LME models revealed
evidence for an interaction effect of the session with strategy
(BF;p=5.63), as well as decisive evidence for both main effects
(strategy, BF19=1.85 x 10%*; session, BF (=142 x 10%). There
was overall worse performance in the instructed (M = 0.61, SD =
0.49) compared to the self-report session (M =0.78, SD = 0.41).
The main effect of the strategy was driven by better performance
for grouping, mental imagery, and sentence generation compared
to reading, rehearsal, and refreshing (see Table 2 for all pairwise
comparisons).

To answer whether there are indeed dual-task costs of implement-
ing instructed strategies, we turned to the interaction effect: Post hoc
comparisons of the interaction effect revealed that there was no differ-
ence between self-reported and instructed WM performance in the
case of rehearsal and sentence generation (BFy; = 3.31 and BFy; =
3.05, respectively). As apparent in Figure 5 by the large error bars,
reading and refreshing were very rarely self-reported, leading to
more uncertain performance estimation. Still, choosing these low-
frequency strategies resulted in better performance than when they
were instructed (BF;0=35.09 and BF,o=15.54, respectively).
Likewise, both mental imagery and grouping resulted in better WM
performance when these strategies were self-reported than instructed
(BF,9p =56.98 and BF,( = 11.99, respectively).

Taken together, the results speak against the hypothesis that
instructing strategies incur a general dual-task cost, as there was
no sign of such a cost for one of the most demanding strategies, sen-
tence generation, whereas there was evidence for a cost for the least
demanding strategy, reading. We also did not find systematically
larger dual-task costs for rarely chosen, and hence less practiced,
strategies, as one of the most frequent strategies, mental imagery,
showed poorer performance when instructed than when self-chosen.

Instead, our results are better explained by our second hypothesis,
namely that instructing one specific strategy impedes adaptive strategy

choice and switching. This could explain why experimental studies that
manipulated the engagement in some of these strategies across all trials
have observed no evidence that they improve memory above conditions
in which subjects are free to choose their own strategy.

Does the Choice of Strategy Make a Difference Within a
Person? The analysis above revealed evidence for a main effect
of strategy, indicating that some of them were more beneficial to
immediate serial recall performance than others. This could be
because participants who are better at serial recall tend to choose cer-
tain strategies (e.g., mental imagery) more often than participants
whose memory is worse (a between-subjects effect), or it could be
because some strategies are more effective for memory maintenance
than others for the same person (a within-subjects effect). The latter
effect is of primary interest for assessing whether strategies make a
difference for memory performance. To separate within-subjects
from between-subjects covariation, we calculated the effect of
each strategy relative to the individuals’ mean performance.

Pairwise comparisons showed better within-subject performance for
self-reported mental imagery (BF;o = 8.30) and worse performance
for self-reported reading and rehearsal (BF;op=31.57 and BF;p=
5.85, respectively). For self-reported sentence generation, grouping,
and refreshing, there was ambiguous evidence for a difference com-
pared to the individuals’ mean performance (BF;o=0.63, BF;p =
0.73, and BF;y = 0.37, respectively).

Taken together, the results of Experiment 1 hint at mental imagery
being beneficial to WM performance compared to the other memory
control processes—even when considering the individuals’ mean per-
formance. Processes like reading and rehearsal instead lead to worse
performance within individuals. Therefore, based on the findings
using an open item pool, there seem to be some self-chosen strategies
that yield benefits whereas others produce costs within a person.

Which Instructed Strategy Is More Beneficial? Next, we
were interested in the effect of instructed strategies on WM recall.
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Figure 3

Chord Diagram of the Proportion of Transitions Between Self-Reported Strategies Across

Trials of Experiment 1

neratio®

Seme\'\cgk\g 08

Note.

There was decisive evidence for the main effect of instructed strategy
(BF,0=3.16 x 10**). Table 3 presents BFs of the follow-up pair-
wise comparisons of the instructed strategies in Session 2. These
effects revealed that instructing reading led to worse performance
than all other strategies, and instructed refreshing led to worse per-
formance than rehearsal, grouping, mental imagery, and sentence
generation. Instructed rehearsal, grouping, and mental imagery led
to a similar performance. Instructed sentence generation surpassed
the performance of instructed rehearsal but yielded equivalent
immediate recall scores as grouping and mental imagery.’

To compare these effects of instructed strategies to a “free base-
line,” as done in previous studies (Bartsch et al., 2018; Bartsch &
Oberauer, 2021; Souza & Oberauer, 2018, 2020), we next compared
performance with each instructed strategy to the mean serial-recall
performance from the self-report session (Session 1). None of the
instructed strategies surpassed the mean serial-recall performance
of the session with free strategy choice, consistent with previous lit-
erature. Instructed reading (BF;o =2.94 x 107), refreshing (BF;o =

The links represent the transitions from the strategy reported in Trial n — 1 at the top to the strategy
reported in Trial n at the bottom. The arrows illustrate the directionality of transitions (i.e., from top to bot-
tom) for the strategy of reading as an example. The link width represents transition frequency. The total
length of the strategy sector at the bottom represents the total strength of the connections to this strategy
(e.g., fewer connections to refreshing and reading). See the online article for the color version of this figure.

2.21 x 10%), and rehearsal (BF,o = 133) led to worse performance
than in Session 1, and instructed sentence generation yielded equiv-
alent performance to the mean performance in Session 1 (BFy; =
4.65). There was anecdotal evidence against a difference in the
case of instructed mental imagery and grouping (BF,; =2.35 and
BFy; = 1.42, respectively).

Do WM Strategies Impact LTM Recall?

When a memory strategy is beneficial for immediate serial
recall, this could be because it improves maintenance in WM, but
also because it improves the accessibility of the memoranda in
LTM. As we know from past literature, elaboration benefits LTM

5 One could expect that the concreteness of the to-be-remembered words
affected how beneficial a certain strategy would be for immediate memory
performance. This analysis can be found in the online supplemental
materials.
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Figure 4
Proportion of Reported Strategies as a Function of Trial in Experiment 1
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Note. The gray bands represent the smoothed conditional means derived from local polynomial regression
fitting (loess function). See the online article for the color version of this figure.

(Craik & Tulving, 1975), whereas other strategies—like rehearsal
and refreshing—have been shown to have little impact on LTM
(Bartsch et al., 2018; Greene, 1987). Therefore, it is possible that
elaboration improves immediate recall indirectly through creating
more accessible traces in episodic LTM.

Experiment 1 included a delayed free-recall test to assess how WM
strategy use affected the formation of LTM representations. We calcu-
lated the probability of correctly recalling a word in the delayed test per
session and strategy. For the Session 1 data, for each participant

Figure 5

we calculated the sum of correctly recalled words per strategy and
divided this by the number of words across the trials in which this par-
ticipant chose this strategy in the immediate serial recall task. This gave
us the proportion of correct delayed memory recall out of the number of
words for which that strategy had been used by each participant, which
estimates the probability of recalling a word, given that it has been
encountered with a particular strategy. In Session 2, the number of trials
per instructed strategy was constant; hence, we simply calculated the
proportion of correctly recalled words per strategy (see Figure 6).

Mean Immediate Serial Recall Performance Across Strategies and Session (Self-Report vs.

Instructed) of the Data of Experiment 1
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Note. Error bars represent 95% confidence intervals.
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Table 2

BFs of the Pairwise Comparisons of the Main Effect of Strategy on WM Performance (Collapsed Across the Self-Reported and Instructed

Sessions) in Experiments 1 and 2

Refreshing Rehearsal Grouping Mental imagery Sentence generation
Strategy El E2 El E2 El E2 El E2 El E2
Read 0.14 002 942x10° 225x10° 505x10"° 142x107 286x10"" 6010 279x10” 391 x 10"
Refreshing 1.35 7,102 589 1.88 x 10° 4,490 156 7,736 172 x 10"
Rehearsal 12.81 0.01 78.54 0.026 1.62 x 10* 94.96
Grouping 0.12 0.02 0.02 31.06
Mental imagery 0.28 105

Note.

BFs > 3 represent substantial evidence for credible differences in performance. As the strategies are ordered from least to most successful, in case of a

credible difference, performance is better for the strategies listed in the columns compared to the strategy in the rows. BFs < 1/3 reflect substantial evidence
against a difference between both strategies. BF = Bayes factor; WM = working memory; E = experiment.

The Bayesian LME model revealed evidence for a main effect of
strategy (BFo = 2.83 x 10°). Reading and refreshing were ineffective
in promoting long-term recall of the words. Rehearsal and grouping
ended up in the middle. By contrast, the two forms of elaboration,
that is, sentence generation and mental imagery, led to better long-
term learning than the other strategies (see Table 4 for all BFs of
the pairwise comparisons). Furthermore, there was evidence against
an effect of whether the process was instructed versus self-reported
(BFy; =3.99), as well as strong evidence against an interaction
(BFy; = 13.05). Although not critical for our research question, the
evidence against a main effect of whether the process was instructed
versus self-reported needs to be taken with caution, as we are compar-
ing across delayed free recall with different numbers of trials in the
two sessions (60 vs. 96) and therefore, if there were any differences,
they could be due to a list length effect.

We expected that the concreteness of the to-be-remembered
words affected how beneficial some of the strategies—in particular,
mental imagery—would be for delayed memory performance. Our
analysis in the online supplemental materials shows that this was
the case: Concrete words benefited more from imagery and also
from sentence generation and grouping.

Discussion
Strategy Selection

As a first step, we were interested in which strategies subjects
spontaneously report using during a long free time interval
between individual memory items. We have shown that subjects
engage in some strategies more frequently than others: Sentence

Table 3
BFs of the Pairwise Comparisons of Instructed-Strategy Effects on

generation and rehearsal appear as frequent choices, replicating
previous findings from self-report studies (Bailey et al., 2011;
Dunlosky & Kane, 2007)—although most previous studies showed
more rehearsal and less elaboration. This difference can easily be
explained by previous studies giving less time in-between items
than we did here. Furthermore, mental imagery and grouping
were also frequent choices, whereas others, like refreshing, were
rarely or never reported (see also AuBuchon & Wagner, 2023;
Loaiza & Lavilla, 2021). Furthermore, concreteness affected the
choice of strategies, with subjects choosing to engage in mental
imagery and grouping more often in the case of concrete words,
whereas rehearsal and reading were more frequent in abstract
lists. The increase in the usage of imagery was expected, because
concrete words lend themselves more to mental imagery. For the
effect on choosing grouping, we have no explanation.

Furthermore, we assessed the variability in strategy selection from
trial to trial. Overall, subjects were more likely to switch than to stay
within the same strategy. This hints at an adaptive choice of strate-
gies, potentially in reaction to the material of a certain trial being eas-
ier to form a sentence, mentally imagine in a joint picture, or easier to
group than to rehearse. These results suggest that reductions in adap-
tive strategy switching are a viable explanation for the lack of bene-
fits in instructed strategy studies.

Finally, we observed that subjects complied to a high degree with
the strategy instructions in both experiments. This observation con-
verges with previous studies finding that young adults can imple-
ment an instructed rehearsal schedule (Souza & Oberauer, 2018,
2020) and can implement the instruction to elaborate the memoranda
(Bartsch & Oberauer, 2021; Bartsch et al., 2018, 2019). These
results show that the choice of a memory control process is under

WM Performance in Session 2 of Experiments 1 and 2

Refreshing Rehearsal Grouping Mental imagery Sentence generation
Strategy El E2 El E2 El E2 El E2 El E2
Read 248 462 544x107  252x107  1.63x10°  215x10%8  726x10° 7.85x10®  146x10® 599 x 10"
Refreshing 218 742 1.14 x 10*  1.31 x 10* 2,719 2,542 8.96 x 10 1.43 % 10"
Rehearsal 0.60 0.24 0.60 0.31 6.99 1,317
Grouping 0.35 0.15 0.54 2,333
Mental imagery 0.54 4,718

Note.

BFs > 3 represent substantial evidence for credible differences in performance. As the strategies are ordered from least to most successful, in case of a

credible difference, performance is better for the strategies listed in the columns compared to the strategy in the rows. BFs < 1/3 reflect substantial evidence
against a difference between both strategies. BF = Bayes factor; WM = working memory; E = experiment.
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Figure 6

Mean Probability of Correctly Recalling a Word in the Delayed Free Recall Test as a Function
of Strategy and Session (Self-Report vs. Instructed) Relative to the Frequency of Each Strategy in
Experiment 1—With an Open Pool of Items
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to most effective). Error bars represent the standard error of the mean.

volitional control. Therefore, a lack of compliance with instructions
cannot explain the past lack of evidence for any of the candidate pro-
cesses benefitting WM in comparison to a free baseline.

The Effect of Strategies on WM Performance

Previous studies assessed the causal effect of instructing mainte-
nance strategies compared to a free baseline in which subjects were
free to use whatever strategy they preferred and observed no bene-
ficial effects of instructing a strategy (Bartsch & Oberauer, 2021;
Souza & Oberauer, 2018, 2020). Here, we replicated this observa-
tion when we compared the performance of each instructed strategy
to the individuals’ mean performance across all self-report trials:
None of the instructed strategies surpassed the performance in a
free baseline condition. We investigated whether this could be
explained by (a) secondary task demands that the implementation
of a strategy instruction potentially entails or (b) instructions

Table 4
BFs of the Pairwise Comparisons of Strategy Effects on LTM
Performance Collapsed Across Sessions of Experiment 1

preventing participants from adaptively choosing different strate-
gies from trial to trial.

We examined this question by comparing serial recall perfor-
mance in trials in which a WM strategy was self-reported versus
instructed. We observed that for some strategies (i.e., reading,
refreshing, mental imagery, and grouping), there was a detrimental
effect of instruction implementation. For the remaining two strate-
gies, namely sentence generation and rehearsal, performance was
similar between self-reported and instructed conditions.

Taken together, these results do not support the hypothesis
that instructed strategies impose a dual-task cost. Such dual-task
cost would either be equal for all strategies—if it simply reflected
the cost of maintaining and implementing any instruction—or it
would be highest for the cognitively most demanding strategies,
namely refreshing, imagery, and sentence generation, and negligible
for undemanding strategies such as reading. The observed pattern of
costs does not match either of these predictions. A third possibility
was that the costs would be lowest for the most familiar strategies.
Whereas there was no instruction cost for rehearsal and sentence
generation—which are common self-reported strategies, instructed
reading produced costs although this is probably the most familiar
activity for our participants. Hence, all in all, the dual task hypoth-

Sentence  Mental esis cannot explain our data.

Strategy  Refreshing Rehearsal Grouping generation  imagery Instead, the results are better explained by instructions preventing
Read 0.03 0.06 0.72 229 2.66 x 10° participants from adaptively choosing different strategies from
Refreshing 0.01 0.17 6203  4.00x 107 trial to trial. Sentence generation and rehearsal could be applied
Rehearsal 0.02 0.28 1,484 more successfully than other strategies to a relatively large number
Grouping 0.14 2,512 . L5 L. .

Sentence 10.94 of trials—as indicated by their higher frequency in self-reports.
generation Therefore, instructing participants to use these strategies consistently
Note. BFs > 3 represent substantial evidence for better performance in the does not force them to use an unsuitable strategy on many trials and,

strategies listed on the top compared to the ones listed on the left. BFs below
0.33 represent substantial evidence against a difference. BF = Bayes factor;
LTM = long-term memory.

therefore, does not lead to a performance decrement. The other strat-
egies are not helpful on most of the trials in which participants were
instructed to use them. Therefore, using them only on suitable lists is
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more beneficial than using them consistently on a fixed number of
lists, as demanded in the instruction condition. Comparing perfor-
mance with different instructed strategies, we found that mental
imagery and sentence generation yielded benefits for immediate
serial recall performance compared to instructed reading, refreshing,
and, partly, rehearsal. Yet, these two processes were also the ones
that led to the most long-term learning. Therefore, it could be that
mental imagery and sentence generation did not directly benefit
WM, and instead these processes are helpful because they allow peo-
ple to rely on episodic LTM traces, which drives both the immediate
serial-recall performance benefit and the higher LTM performance.
In order to independently test this possibility, we conducted
Experiment 2. This experiment further allowed us to test the replica-
bility of our results.

Experiment 2

We designed Experiment 2 with two purposes in mind. First, it
served as a replication to test our main hypotheses regarding the
impact of strategies on WM. Second, it served to test the possibility
that elaborative strategies benefited WM in Experiment 1 via the
use of episodic LTM. Experiment 2 implemented the same
design and task as in Experiment 1, with one difference: Whereas
in Experiment 1 we used a large open set of words as memory
items, in Experiment 2 we used a small, closed set of memory
items which were repeated in random order from trial to trial. The
repeated use of the same small set of words makes it harder to dis-
tinguish successive trials from each other and increases the demand
to remember in which particular order the words have been presented
in the current trial. This increases proactive interference between tri-
als in episodic LTM, and therefore, participants in Experiment 2
were less able to rely on episodic memory for immediate serial recall,
potentially curtailing the benefits of elaborative strategies. If the ben-
eficial effect of elaboration is mediated through improved episodic
LTM, then that effect should largely disappear in Experiment
2. Furthermore, we assessed whether participants adapted their strat-
egy use to the fact that they could rely less on episodic LTM to com-
plete the WM task. We expected that an adaptive strategy choice
should lead to a reduction of elaborative strategies in Experiment
2, because elaboration is a particularly effective strategy for improv-
ing episodic memory.

Method
Participants

Participants were 30 students of the University of Zurich (26
females, four males, M, = 22.13).

Materials and Procedure

The materials and procedure were the same as for Experiment 1,
with two differences. First, for each session of Experiment 2, six
abstract and six concrete nouns were drawn from the large pool
once for each subject, and stimuli for each trial in that session
were randomly drawn only from this small pool of 12 words irre-
spective of concreteness. Second, there was no final free recall test
because it would be rather uninformative to ask whether people
could recall the 12 words that they had seen throughout all serial-
recall trials.

Results

What Strategies Do Subjects Spontaneously Use During
Free Time?

Strategy Self-Reports. The mean proportion of trials in which
each strategy was reported is shown in Figure 7. Compared to
Experiment 1, there was a strong drop in the use of mental imagery
and grouping, as well as an increase in rehearsal. This partially con-
firms our prediction that with larger proactive interference between
trials, elaborative strategies become less useful and are used less
often. Yet, sentence generation remained the most used strategy,
contrary to our prediction. The rare reporting of refreshing and read-
ing we saw in Experiment 1 persisted in Experiment 2.

Strategy Switches Between Trials. Figure 8 shows the transi-
tion probabilities of reporting one strategy given the strategy reported
in the previous trial. Replicating the findings of Experiment 1, partic-
ipants were generally more likely to switch than to stay with a certain
strategy, with a mean switching frequency of 72.54% (SD = 17.00).
We investigated whether trial-to-trial variability in strategy use might
reflect changes induced by task exposition such as learning or fatigue.
Figure 9 shows the proportion of self-reported strategies over trials.
The pattern indicates that the subjects seem to learn that sentence gen-
eration is a beneficial strategy, leading to a trade-oft in choosing it over
rehearsal as a strategy.

Do Subjects Comply With Strategy Instructions?

Similar to Experiment 1, self-reported compliance to strategy
instructions in Session 2 was very high (94.37%, SD = 18.16). The
Bayesian LME model revealed anecdotal evidence for the main effect
of the instructed strategy (BF;o = 2.64). Follow-up analyses revealed
that compliance was lower when the instruction was to implement
refreshing (M = 89.58%, SD = 15.58) compared to rehearsal (M =
96.04%, SD =12.44, BF;,=1.88), sentence generation (M =
95.20%, SD=13.31, BF;(=2.01), and grouping (M = 96.66%,
SD =12.39, BF;p=3.61). In the recall performance analyses, only
compliance trials were included.

Effects of Strategies on Immediate Serial Recall

Are There Dual-Task Costs of Implementing Instructed
Strategies? Figure 10 shows the immediate serial recall perfor-
mance over strategies and sessions. The Bayesian LME models
revealed anecdotal evidence for an interaction of session with strat-
egy (BF,( =2.87), as well as decisive evidence for both main effects
(strategy, BF;p=15.19 x 10%%; session, BF;o=432). Replicating
Experiment 1, there was overall worse performance in the instructed
(M =0.64, SD =0.48) compared to the self-report session (M =
0.78, SD = 0.41). Further replicating Experiment 1, the main effect
of the strategy was driven by better performance for grouping, men-
tal imagery, and sentence generation compared to reading and
refreshing (see Table 4 for all pairwise comparisons).

There was evidence against a recall difference between self-reported
versus instructed mental imagery and sentence generation (BF;o=
3.00 and BF( = 4.24, respectively). Instruction resulted in worse perfor-
mance than self-report for reading (BF;( = 245) and grouping (BF;p =
10.33), whereas evidence was ambiguous for rehearsal (BF;o = 1.54).

Taken together, the results of Experiment 2 replicate our main
findings of Experiment 1. Thus, Experiment 2 yields further
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Figure 7
Mean Proportion of Self-Reported Strategies in Session 1 of Experiment 2
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Note. Error bars reflect the standard error of the mean. See the online article for the color version of this
figure.

evidence against the notion that instructing strategies incur a general
dual-task cost. Again, our results are better explained by our second
hypothesis, namely that instructing one specific strategy impedes
adaptive strategy choice and switching.

Does the Choice of Strategy Make a Difference Within a
Person? Next, we turned to separating within-subjects from between-
subjects covariation, and we compared performance with each
strategy to the individual’s mean performance. Pairwise compari-
sons showed worse performance in reading trials (BF;o = 11.97).
For self-reported refreshing, sentence generation, and mental imag-
ery, evidence was inconclusive regarding differences from an indi-
vidual’s mean performance (BF;o=0.88, BF,(,=1.15, and
BF,, =0.81, respectively). For rehearsal and grouping, there was
some evidence against a difference from an individual’s mean
performance (BF;o = 3.33 and BF;o = 3.22).

In summary, the results of Experiment 2 provide no evidence for
any strategy being beneficial to WM performance compared to an
individual’s mean performance. Reading instead leads to worse
performance within individuals. Furthermore, in Experiment 2,
the benefit of mental imagery vanished, as we predicted from the
assumption that the benefit of mental imagery is mediated through
episodic memory. In a situation that generates a high degree of pro-
active interference between trials in episodic memory and therefore
affords little reliance on episodic LTM, there appears to be no strat-
egy that participants can make use of to boost their memory relative
to what they can accomplish with another strategy.

Which Instructed Strategy Is More Beneficial? Next, we
were interested in the effect of instructed strategies on WM recall.
There was decisive evidence for a main effect of instructed strategy
(BF;o = 1.42 x 10?3). Table 3 presents BFs of the follow-up pair-
wise comparisons of the instructed strategies in Session 2. These
effects fully replicated the findings of Experiment 1, with the excep-
tion that instructed mental imagery here yielded worse performance

than sentence generation and that instructed sentence generation
now led to better performance than all the other strategies.

To compare these effects of instructed strategies to a “free base-
line,” as done in previous studies (Bartsch et al., 2018; Bartsch &
Oberauer, 2021; Souza & Oberauer, 2018, 2020), we next compared
performance with each instructed strategy to the mean serial-recall
performance from the self-report sessions (Session 1). Here, instruc-
ted reading (BFjo=2.42 x 10°), refreshing (BF;o=4.09 x 10°),
rehearsal (BF;o = 428), mental imagery (BF;o = 106), and grouping
(BF,p = 33.79) produced worse performance compared to Session 1,
whereas instructed sentence generation yielded anecdotal evidence for
equivalent performance to the mean performance in Session 1

Discussion

We replicated the main findings of Experiment 1 with regard to
strategy use. Specifically, rehearsal and sentence generation appeared
as frequent choices. One notable exception is that people reported
using mental imagery less frequently than rehearsal or sentence gen-
eration. This observation provides partial support for the prediction we
made at the end of Experiment 1: The beneficial effect of elaborative
strategies such as mental imagery in Experiment 1 could be explained
by the formation of stronger episodic LTM traces, which improved
both immediate as well as delayed recall performance. With unique
memoranda in every trial, mental imagery has a clear advantage
because distinct LTM representations of the self-created images can
be created for every episode, benefiting item memory. As unique epi-
sodes cannot be created with a closed pool of repeating items, subjects
engage in this strategy less frequently in Experiment 2.

Yet why did sentence generation remain both popular and effec-
tive in the face of strong proactive interference? One explanation
is that sentences—in contrast to mental images—preserve the
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Figure 8
Chord Diagram of the Proportion of Transitions Between Self-Reported Strategies Across
Trials of Experiment 2

Note. The links represent the transitions from the strategy reported in Trial n — 1 at the top to the strategy
reported in Trial n at the bottom. The arrows illustrate the directionality of transitions for the strategy of read-
ing as an example. The link width represents transition frequency. The total length of the strategy sector at the
bottom represents the total strength of the connections to this strategy (e.g., fewer connections to refreshing
and reading). See the online article for the color version of this figure.

order of the individual items, which is especially crucial in case the
same items are repeated over the course of different trials (yet at
varying serial positions). Forming a mental image does not preserve
this order.

Furthermore, by forming sentences of the memoranda, the level
of proactive interference between trials can actually be reduced.
Specifically, including a word in a specific role in a new sentence
can increase the uniqueness of this episode, distinguishing this
instance of the word from its many previous occurrences. For exam-
ple, for remembering the words Pony-Tooth—Coffee—Ball, one
could form the sentence: The pony loses its tooth in the coffee
after being hit by a white ball. In the next trial, the memoranda
could be Coffee-Tooth—Ball-Pony. Now, one can form the sen-
tence: Drinking my hot coffee hurts my tooth, but later I can play
ball more energetically with my pony. From the first example sen-
tence to the second, the context of each of the words has changed:
For instance, the coffee is either made undrinkable by a tooth or

the person is drinking it in the morning. Therefore, sentence gener-
ation seems to facilitate both item memory and order memory, even
under conditions of proactive interference, which makes it still effec-
tive for immediate serial recall.

To conclude, the results of Experiment 2 suggest that different
forms of elaboration are differently susceptible to manipulations of
proactive interference: Mental imagery becomes less effective, but
sentence generation remains effective. The fact that proactive interfer-
ence between trials modulates the effectiveness of elaboration strate-
gies for immediate serial recall confirms our assumption that
elaboration is helpful for performance on a WM test indirectly through
boosting episodic LTM, which contributes to immediate recall.

These conclusions remain tentative because we cannot unambig-
uously attribute differences between Experiments 1 and 2 to the dif-
ference in proactive interference between these experiments. These
experiments also differ in other aspects, such as the time of the
year when participants were recruited and the composition of trials
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Figure 9
Proportion of Reported Strategies as a Function of Trial in Experiment 2
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(pure concrete or pure abstract word lists in Experiment 1, mixed
concrete and abstract word lists in Experiment 2).
General Discussion

Based on theoretical assumptions about a causal role of memory
control processes for maintenance in WM, as well as correlational
evidence on the effectiveness of maintenance strategies on WM

Figure 10

performance, previous experimental research has attempted to
provide causal evidence that these processes benefit memory.
These approaches were based on the hypotheses that instructing
a specific strategy would induce individuals to engage in suc-
cessful strategies more than they would spontaneously, or to
switch from a less effortful strategy (e.g., reading) to one that
requires more processing, but which leads to a larger mnemonic
benefit (e.g., sentence generation). Yet, both approaches failed

Immediate Serial Recall Performance Across Strategies and Session (Self-Report vs. Instructed)
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to provide evidence in favor of a beneficial effect of any of these
strategies.

Our main aim for the present work was to examine reasons for the
discrepancies between, on the one hand, correlational studies point-
ing to the benefits of some maintenance strategies for WM perfor-
mance and, on the other hand, experimental studies indicating no
causal effect of these strategies on memory performance.

Dual-Task Costs Cannot Explain Why Strategy
Instructions Do Not Improve Memory

Previous experimental studies have compared performance under
instructed strategy conditions to a no-instruction baseline, generally
failing to find performance differences between them (Bartsch et al.,
2018; Souza & Oberauer, 2018, 2020). One possible explanation for
this outcome is that strategy instructions create dual-task costs. So
far, no previous studies directly compared self-reported to instructed
strategy use to test this possibility.

Across two experiments, comparisons of an instructed strategy
condition to a free baseline including trial-to-trial strategy reports
revealed no costs of instructing two commonly reported mainte-
nance strategies, namely rehearsal and sentence generation. Other
reported strategies such as reading, refreshing, mental imagery,
and grouping showed instruction implementation costs. In order to
uphold the dual-task-cost explanation for the finding that experimen-
tal investigations using instructions never reached the performance
of a free baseline, one would have to assume that mental imagery,
reading, and refreshing impose a dual-task cost, whereas sentence
generation and rehearsal do not. In the introduction, we discussed
two variables that could moderate dual-task costs: The cognitive
demand of a strategy and the person’s lack of experience with it.

These variables could explain why refreshing incurs a dual-task
cost whereas rehearsal does not (Vergauwe et al., 2014). However,
such an explanation is very implausible for the contrast between sen-
tence generation and mental imagery. It is also very implausible that
implementing the instruction to merely read each word as it is pre-
sented imposes a dual-task cost through increased cognitive demand
because that instruction is the only one that does not even add a sec-
ondary task: Participants have to read the words to do the memory
task anyway. Furthermore, participants should be rather experienced
with reading; therefore, a larger dual-task cost is unexpected.

Therefore, the finding that experimental investigations using
instructions not showing a benefit for WM performance cannot
be plausibly explained by the instruction imposing a secondary
task cost.

Adaptive Strategy Switching Is Beneficial for Memory

The second possibility we addressed in the present study is that
instructed strategies failed to benefit memory performance because
they prevent adaptive switching between strategies. The recall perfor-
mance, as well as the high frequency of switches between strategies
reported in Session 1 of both Experiments 1 and 2, indicate that in
a free baseline, participants choose their strategy adaptively on a
trial-by-trial basis. According to this explanation, for each strategy,
the trials on which they self-reported a strategy are the ones for
which this strategy is relatively successful—more successful than
when the same strategy is applied to all trials. The difference to
instructed trials becomes most apparent for the strategies that are rarely

chosen, because in those cases, the majority of trials in the instructed-
strategy condition are not particularly suitable for that strategy.

What drives the choice of strategies from trial to trial? By definition,
a strategy is a process under the person’s volitional control, and partic-
ipants’ ability to comply with our strategy instructions testifies to that.
On what basis do they make their choices? The first question to ask in
this context is whether they decide upon the strategy for the next trial
already before presentation of the memory list (a form of proactive
control; Braver, 2012) or only later, after having seen at least the
first few items. In the latter case, it is plausible that the strategy is
selected in part to be suited for the content of the memory list. For
instance, some words, or sets of words, are easier to elaborate than oth-
ers. This assumption motivated our variation of concreteness of list
words in Experiment 1. Indeed, participants chose mental imagery
and grouping more often on lists with concrete words than lists with
abstract words (Figure S9 in the online supplemental materials).
Despite these differences in choice behavior, the effect of concreteness
did not interact with the type of strategy chosen when it came to imme-
diate memory performance. This fits with our observation that strategy
switches also did not seem to be motivated by their recall performance
in the preceding trial (see the online supplemental materials for
details).® Future experiments could investigate the effects of other
aspects of list items, or list composition, on strategy choice by varying
these features of the memoranda systematically between trials.

As we kept the order of sessions constant to avoid any influence of
the strategy instructions on the pattern of self-chosen strategies by the
participants, one might wonder whether our results on the direct com-
parison between self-reported and instructed strategy use are compro-
mised by this design choice. We argue that our findings cannot be
explained by the constant session order (self-report first, instructed
strategies second). Given that the two sessions were completed on dif-
ferent days, we can rule out fatigue effects across sessions. To rule out
fatigue effects within a session—especially as the second session
included more trials than the first—we analyzed performance as a
function of trial, which yielded evidence against an interaction effect
of session with trial number (Experiment 1, BFy; = 4.24; Experiment
2, BF; = 649.65; see the online supplemental materials for details).
Finally, the only remaining plausible effect of session order is a prac-
tice effect, which would have led to an advantage for performance in
the instructed strategy condition in Session 2. In contrast, our results
go in the opposite direction, showing that performance with instructed
strategies (Session 2) was worse than when participants were to freely
choose the strategy to use (Session 1).

Previous experiments instructing individual control processes show
that using one strategy for all subjects and trials does not yield an overall
benefit. The results across both experiments here revealed that choosing
a strategy for each trial by each person leads to a benefit relative to the
choice of a single strategy by everyone on every trial. Subjects seem to
flexibility switch strategies from trial to trial. One interpretation would
be that subjects choose an optimal process based on the material and
their own capacity. Strategy choice depending on one’s own capacity

6 Still, it could be that participants choose their strategy based on a more
general metacognitive evaluation beyond their performance in Trial n — 1:
They could choose strategies based on which of them they experienced as
generally helpful or easy to implement, given the details of the task. For
instance, the serial presentation of words around a circle could have facilitated
the formation of a sentence out of the presented words, rendering that form of
elaboration attractive.
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could explain why people with higher simple and complex span perfor-
mance tend to engage in cognitively demanding strategies like mental
imagery or sentence generation (e.g., Bailey et al., 2008, 2011). They
choose these strategies because they have enough capacity to imple-
ment them.

In conclusion, dual-task costs are unlikely to explain the lack of
improvements for the mostly common assessed strategies. The inef-
fectiveness of strategy instructions seems more related to them
impeding adaptive strategy choices.

Do Strategies Explain Why Free Time Benefits Serial
Recall?

Presenting memory items at a slower rate—thus adding free
time between them—Ieads to better performance in simple span
(Oberauer, 2022b; Souza & Oberauer, 2018; Tan & Ward,
2008) and complex span tasks (Barrouillet et al., 2011; Souza &
Oberauer, 2020), and some researchers have explained this effect
by assuming that free time is used for memory control processes
assisting maintenance (Barrouillet et al., 2011; Tan & Ward,
2008). The present experiments provided three new insights into
why WM benefits from longer free time between items:

First, many participants use free time for rehearsal. Consistent with
previous strategy-report studies (Bailey et al., 2008, 2009, 2011;
Morrison et al., 2016), rehearsal was among the most commonly
reported strategies (24%—34% of trials). Yet, rehearsal was not an
effective strategy. In trials in which people chose rehearsal, their per-
formance tended to be poorer than in other trials, in line with previous
reports (Bailey et al., 2011; Dunlosky & Kane, 2007). When
instructed, rehearsal yielded no benefit compared to most other strate-
gies, also converging with previous experiments (Souza & Oberauer,
2018, 2020). This finding contradicts theories of WM for verbal mate-
rials in which rehearsal is assumed to be helpful for immediate serial
recall or even necessary to counteract temporal decay (Baddeley
et al., 1975; Camos et al., 2009; Cowan, 1999).

Second, people have some degree of insight into which strategies
work relatively well. This could explain why in the present study,
with its rather slow presentation rate of items, they reported using
free time for elaborative strategies such as mental imagery and sen-
tence generation in around 62% of the trials. This percentage was
much higher than reported in previous studies, in which mental
imagery was reported for about 6%—14% of the trials and sentence
generation 2%-13% (see Bailey et al., 2008, 2009, 2011 for
details). One reason for the increased prevalence of elaboration
could lie in the longer free-time interval implemented here:
Within 4.5 s of free time between items, participants have much
more time to use time-demanding strategies than in most studies
of immediate serial recall.

The frequent choice of elaboration strategies is remarkable as the
long free time between items also provides the opportunity to engage
in cumulative rehearsal, which is barely possible at the more
common presentation rate of one item per second (Tan & Ward,
2008). Nevertheless, participants in our experiments reported choos-
ing rehearsal less often (24%-34% of trials) than those in earlier
strategy-report studies. To conclude, one reason why free time
between items is beneficial to WM performance is that participants
use this time to engage more in the relatively effective strategies (i.e.,
elaboration) and less in ineffective ones (i.e., rehearsal). This is the
case specifically in situations under which elaboration is indeed

effective—meaning when remembering concrete word lists and
when words do not repeat across trials.

A third insight is that part of the benefit of maintenance strategies for
performance on WM tasks might be driven by LTM. In Experiment 1,
self-reported mental imagery was found to boost immediate serial
recall performance. Yet, this was no longer the case in Experiment
2, in which a closed pool of items was repeatedly used, thereby reduc-
ing the usefulness of item memory and increasing demands on serial
order memory. This suggests that mental imagery helps immediate
recall through the formation of LTM traces of the items, and people
draw on these traces for their responses. The same might be true for
other elaborative strategies that are known to improve episodic LTM,
such as sentence generation, although the present Experiment 2 was
not suited to show that, because sentence generation helps to mitigate
proactive interference. This conclusion remains tentative for two rea-
sons. One is that we cannot unambiguously attribute the reduced
choice of, and effectiveness of, mental imagery in Experiment 2 to
the increased amount of proactive interference between trials.
Another reason to be skeptical about this conclusion is that our recent
work on proactive interference in serial recall (Oberauer & Bartsch,
2023) reveals that serial recall of word lists is largely immune to pro-
active interference between trials. That finding speaks against the idea
that people draw on episodic memory to assist serial recall.

Conclusion

Across two experiments we have shown that instructing mainte-
nance strategies that are correlated with poor performance in self-
reported sessions leads to worse immediate serial recall than when
participants freely choose their strategies. This includes the strategy
most popular among participants as well as among WM researchers,
rehearsal. By contrast, instructing strategies that were correlated with
good performance (e.g., Experiment 1, mental imagery, M=
68.96% correct, and sentence generation, M = 73.41% correct) did
not lead to better performance than participant’s freely chosen strat-
egy mix (M = 74.20% correct). Without strategy instructions, partic-
ipants frequently switch between strategies and apparently do so
adaptively. Among the strategies leading to the best performance
are variants of elaboration. The benefit of these strategies for perfor-
mance on a WM might be mediated by their effect on episodic LTM.
Our results show that we cannot push participants to do better than
what they already manage to do on their own: Instructing “effective
strategies” can, at best, yield the same level of performance as when
they are free to choose their own strategy.
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