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Abstract
Refreshing and elaboration are cognitive processes assumed to underlie verbal working-memory maintenance and assumed to
support long-term memory formation. Whereas refreshing refers to the attentional focussing on representations, elaboration refers to
linking representations in working memory into existing semantic networks. We measured the impact of instructed refreshing and
elaboration on working and long-term memory separately, and investigated to what extent both processes are distinct in their
contributions to working as well as long-term memory. Compared with a no-processing baseline, immediate memory was improved
by repeating the items, but not by refreshing them. There was no credible effect of elaboration on working memory, except when
items were repeated at the same time. Long-term memory benefited from elaboration, but not from refreshing the words. The results
replicate the long-term memory benefit for elaboration, but do not support its beneficial role for working memory. Further, refreshing
preserves immediate memory, but does not improve it beyond the level achieved without any processing.
Keywords Working memory . Long-term memory . Refreshing . Elaboration . Bayesian generalized linear mixed models

Introduction
The literature on memory has long made a distinction between
working memory and long-term memory (see Cowan, 2008,
for a review). Working memory is understood as a system for
holding a limited amount of information available for processing (Baddeley, 1986), whereas long-term memory is a system
for permanently storing, managing, and retrieving information
for later use with a probably unlimited capacity (Tulving,
1972). Theorists have often assumed one or several control
processes that people could apply to the current contents of
working memory, which are thought to help maintaining information in working memory, establish the information in
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long-term memory, or both. Three such control processes are
being discussed: People could (a) attend to the to-beremembered information to refresh it; (b) elaborate on it; or
(c) engage in articulatory rehearsal. Our study focusses on the
experimental manipulation of two of these processes, namely,
refreshing and elaboration, and investigates their effects on (a)
immediate memory (presumably reflecting maintenance in
working memory) and (b) on delayed memory (reflecting episodic long-term memory).

Refreshing as maintenance mechanism in working
memory
Refreshing is understood as briefly thinking of a stimulus just
after it is no longer physically present but while its representation is still active (Johnson, Reeder, Raye, & Mitchell,
2002). The process was introduced as a general attentionbased mechanism (attentional refreshing; Barrouillet &
Camos, 2007; Cowan, 1999; Johnson, 1992) and is assumed
to be distinct from articulatory rehearsal, which is conceptualized as the specialized mechanism for the verbal domain
(Baddeley, 1986; Camos, Lagner, & Barrouillet, 2009;
Hudjetz & Oberauer, 2007). Refreshing is a core component
of several models of working memory: In the MEM (multipleentry, modular) memory model, refreshing permits the
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reactivation of memory representations (Johnson, 1992).
Similarly, Cowan (1995) states that a memory trace
could be reactivated by focusing attention on it (again),
before its activation is entirely lost. The time-based resource-sharing (TBRS) model proposes refreshing
through attentional focusing as a mechanism for
reactivating decaying memory traces (Barrouillet,
Bernardin, & Camos, 2004; Barrouillet, Bernardin,
Portrat, Vergauwe, & Camos, 2007). Refreshing as conceptualized in the above theories has never been observed directly but rather has been inferred from results
of experiments varying the opportunity for refreshing
(i.e., varying cognitive load; Barrouillet et al., 2007;
Camos, Mora, & Barrouillet, 2013; Mora & Camos,
2013). The evidence for the presumed effects of refreshing is therefore less than compelling, as it does not rely
on experimentally inducing the process in question. To
date, only two studies (Souza and Oberauer, 2017a;
Souza, Rerko, & Oberauer, 2015) experimentally induced
refreshing in a (visual) working-memory task to test its
effect on memory. Our study aimed at closing this gap
for verbal material by experimentally manipulating refreshing and investigating its role for working memory.

The role of refreshing for episodic long-term memory
Beside its supposed role in working-memory maintenance,
refreshing of information in working memory has also been
argued to improve long-term memory (Johnson et al., 2002).
Several studies have contrasted refreshing of a single word to
repeated reading of a word, and they consistently found a
benefit of refreshing on delayed item recognition (Johnson
et al., 2002; Johnson, Mitchell, Raye, & Greene, 2004;
Raye, Johnson, Mitchell, Greene, & Johnson, 2005; Raye,
Johnson et al., 2002).
Additional, more indirect evidence for the effect of refreshing on episodic memory (EM) comes from experiments varying the available time for refreshing. For instance, a study
varying cognitive load in a complex-span task found that
low cognitive load—providing more free time during the
maintenance interval—led to better delayed recall (Camos &
Portrat, 2015). The authors attributed this to the necessary
involvement of refreshing during working-memory maintenance to build up long-term memory representations.
Converging evidence comes from the McCabe effect
(McCabe, 2008): Words studied in complex-span tasks are
recalled better in a delayed memory test than words studied
in simple-span tasks. This effect is often explained by the
hypothesis that the secondary task forces people to refresh
items after each distraction, thereby generating better episodic
retrieval cues (Loaiza, Duperreault, Rhodes, & McCabe,
2015; Loaiza & McCabe, 2012a, b; Loaiza, Rhodes, &
Anglin, 2013). Contrary to this explanation, a recent study

by Souza and Oberauer (2017b) showed that the long-term
memory benefit of items in complex-span tasks can be fully
attributed to the longer amount of free time for processing
information in working memory (WM) in complex-span compared with standard, simple-span tasks.
What do people do when asked to attend to a word just
encoded into WM, or when given free time to process words
during maintenance? One possibility is that by focusing attention on an item, it is more deeply encoded into memory and
therefore better remembered, as predicted by the levels of
processing theory (Craik & Lockhart, 1972). If that is the case,
the effect of refreshing would be closely related to that of
elaboration.

Elaboration effects on long-term memory
Elaboration refers to processes that more deeply encode
and store information for later retrieval (elaborative
rehearsal; Craik and Lockhart 1972; Greene, 1987;
Klatsky, 1988). Elaboration is thought to enrich the
memory representation of an item by activating many
aspects of its meaning and by linking it into the
preexisting network of semantic associations (Craik &
Tulving, 1975). It has repeatedly been shown to improve
episodic long-term memory (e.g., Craik & Tulving,
1975; Gallo, Meadow, Johnson, & Foster, 2008).
Research has further focussed on the use of various
elaborative strategies, such as mental imagery, sentence
generation, or chunking, and provided evidence for their
long-term memory benefits (e.g., Dunlosky & Hertzog,
2001).

Elaboration and working memory
Only little research has focussed on the effects of elaboration
on immediate memory, and the results are inconclusive.
Several studies (Bailey, Dunlosky, & Kane, 2008, 2011;
Dunlosky & Kane, 2007; Kaakinen & Hyönä, 2007) investigated the effect of strategy use on performance on complexspan tasks, a popular paradigm for testing working memory,
and revealed a positive correlation between elaborative
strategies and performance. In contrast, Morrison,
Rosenbaum, Fair, and Chein (2016) found no correlation between semantic strategies and performance in a workingmemory task. However, this evidence is merely correlational.
The only experimental evidence for a beneficial effect of elaboration for working memory has been shown in a very specific
case by Jonker and Macleod (2015). In their study, they
showed that an orienting task inducing relational processing
of words during encoding resulted in equivalent memory for
the serial order of a study list compared with silent reading. In
contrast, any other orienting task to be performed on the items,
including semantic judgement of the individual items, resulted
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in disruption of memory for order. Therefore, relative to other
cognitive operations performed on the current contents of
working memory, relational processing appears to help
maintenance.

Are refreshing and elaboration distinguishable?
Conceptually, refreshing and elaboration are different processes, but it is not clear that their effects on memory are actually
separable. It is conceivable that focusing attention on a representation in working memory leads to deeper and richer
encoding so that the effect of refreshing on memory is mediated by elaboration. If that is the case, refreshing and elaboration should have equivalent effects on both working memory
and long-term memory. To date, no research has been reported
on the relationship of refreshing and elaboration; with the
present study, we aimed at providing some initial insight into
their relation.
Taken together, the evidence for the beneficial effects
of refreshing on working memory—so far, is only indirect—and the evidence for elaboration benefits on WM is
only correlational. In the following experiments, we
aimed at closing that gap and experimentally controlled
refreshing and elaboration through instruction. We investigated the effects of each process, and their combination,
on an immediate and a delayed test of memory and investigated whether both processes show similar result
patterns.

Design of experiments
As in the studies of Johnson and colleagues, we compared instructed refreshing to a repeating (re-reading)
baseline during the maintenance phase of a workingmemory task. In two additional conditions, we instructed
participants to elaborate a subset of the items they held in
memory. Elaboration logically entails attending to the
words, either in memory or in the environment. When
elaboration is applied to words just encoded into working
memory, but no longer presented, it entails refreshing,
whereas when elaboration is applied to words while they
are presented, it entails (re-)reading, as in the repeat condition. Therefore, we realized two elaboration conditions:
One in which words are repeated and elaborated, and one
in which they are refreshed and elaborated. In this way,
we can gauge the effects of elaboration on its own by
comparing elaboration of repeated words to the repeating
baseline. In addition, we can ask whether combining
elaboration with refreshing is more effective than each
of them alone.
How can we measure the effect of refreshing in our paradigm? The Johnson et al. studies—testing the effect of refreshing on EM—used repeat as the baseline, and therefore we

follow their precedent for assessing the effect of refreshing
on EM. For assessing the effect of refreshing on WM, the
repeat condition is probably not a suitable baseline because
it provides a second chance for encoding the word into WM.
Therefore, we assess the effect of refreshing against two baselines: The one used in Souza et al. (2015; i.e., comparison
within the memory set between items refreshed more vs.
less) and a comparison of refreshed items to a no-processing
baseline. For the first comparison, we compare the items that
were processed in refreshing trials to the items within the same
trial that were not further processed after initial encoding. The
second comparison, against a no-processing baseline, is important to assess whether refreshing actually leads to an improvement of memory after encoding. This cannot be assessed
with the first comparison.

Methods
In the two experiments presented here, we asked participants
to remember six nouns in serial order. After list presentation,
either the first three words or the last three words were to be
processed again in one of four ways, depending on the experimental condition. During encoding it was not predictable
which half of the items would have to be processed. In the
repeat-without-elaboration condition, the three words appeared again sequentially on the screen, and the subjects had
to simply re-read them silently. In the refresh-withoutelaboration condition, the to-be-processed words were replaced by refreshing prompts appearing at the same location.
The subjects were instructed to Bthink of^ the corresponding
words as soon as the prompts were shown. In the repeat-withelaboration condition, the three to-be-processed words were
shown again sequentially on the screen, and subjects were
instructed to generate a vivid mental image of the three objects
interacting. The stimuli appearing on the screen in that condition did not differ from the repeat-without-elaboration condition, leaving the instruction to form a vivid mental image as
the only difference between these conditions. Finally, in the
combined refresh-with-elaboration condition, the participants
had to Bthink of^ the words replaced by the prompts and
additionally form a vivid mental image of those items.
Again, the event sequence of this condition does not differ
from the refresh-without-elaboration condition apart from
the instruction to form a mental image. The experiments used
a 2 × 2 × 2 (repeat/refresh [repeat, refresh] × elaboration [with
elaboration, without elaboration] × processing [processed triplet, not-processed triplet]) within-subject design. Orienting the
processing task to only a subset of the words in memory allows us to draw inferences about the effect of each of the
processing conditions on memory by comparing the memory
performance of the triplet of words that was not further
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processed after encoding to the triplet that was processed according to one of the four experimental conditions.

Experiment 1
Participants
We recruited 20 students from the University of Zurich as
participants (10 female) at the age of 19–28 years (M =
22.11 years, SD = 5.32). They were compensated with either
15 Swiss Francs (about 15 USD) or partial course credit for
the 1-hour experiment.

Materials and procedure
The stimuli were nouns randomly drawn from a pool of 863
German abstract and concrete nouns for each subject. The
nouns were between two and 15 letters long and had a mean
normalised lemma frequency of 30.81/million (drawn from
the dlexdb.de lexical database).
The sequence of an experimental trial is illustrated in Fig.
1. The six to-be-remembered words in each trial were sequentially presented in boxes from top to bottom on the screen,
each for 500 ms. Depending on the experimental condition, a
cue was presented 1,000 ms after the last memory item, indicating whether the first half or the second half of the list had to
be processed again. In the repeat-with-elaboration and repeatwithout-elaboration conditions, the to-be-processed first word
of the cued triplet was shown again in the same box as during
encoding for 1,400 ms, followed by a 600 ms interstimulus
interval (ISI). The respective second and third word of that
triplet followed at the same pace successively in their corresponding boxes. In the refresh-without-elaboration and
refresh-with-elaboration conditions, each to-be-processed
word of a triplet was replaced by a refreshing prompt
(#?#?#) in its corresponding box, and participants were
instructed to Bthink of^ the word in that box. In the repeatwith-elaboration and refresh-with-elaboration conditions, participants were additionally instructed to form a vivid mental
image of the three words interacting with each other.1
After processing the words in the cued triplet, participants’
memory for each list item was tested in their order of presentation using a four-alternative forced-choice procedure. For
that purpose, four words were presented from which the subject could choose the correct word in the currently tested list
position with a button press. All tests trials had the following
1

The timing parameters where chosen based on a pilot experiment, which
allowed participants to process the items in each of the four experimental
conditions in a self-paced mode. The mean processing times (PT) where PT
= 1,419 ms in the repeat-without-elaboration condition, PT = 1,491 ms in the
repeat-with-elaboration condition, PT = 1,197 ms in the refreshing-withoutelaboration, and PT = 1,198 ms in the refreshing-with-elaboration condition.

four response options: the target (i.e., correct) word, one lure
from the same triplet of words within the present list, one lure
from the other triplet of the present list, and one new word.
This choice had to be made for each of the serial positions
successively. We applied this four-alternatives forced-choice
recognition task in order to test both memory for items (i.e.,
discriminating between items that have been presented in the
current memory list and new items) and for serial order (i.e.,
discriminating between the item in the tested position and
other list items).
Within each block of four trials, the same type of processing was instructed throughout, and a screen repeating the instructions of the particular condition was shown prior to the
beginning of each block. The order of the condition blocks
was randomized between subjects. After a total of 16 blocks,
with four blocks of each condition, the participants performed
a mental arithmetic task for 2 minutes, where they had to judge
the correctness of multiplication statements (e.g., 3 × 6 = 18).
After this distractor task, we assessed participants’ long-term
memory for the words they had encoded into working memory throughout the experiment. To this end, we presented in
each trial the first word of one word triplet in one memory list,
and asked participants to choose the word that had followed
the given word within the same triplet from four different
options. These included the correct word (i.e., which could
be either the word in the second or third position of the target
triplet for the first prompt and the fifth or sixth word for the
second prompt), a word from the other triplet of the same list,
a word from another list, and a new word. This allowed us to
keep the format of delayed recognition very similar to the
immediate test, and furthermore to compare in each trial the
memory performance for processed to not-processed items.
As for the immediate test, the delayed test provided information about both item memory (i.e., which words have been
presented in the experiment) and relational memory (i.e.,
which words have been together in a triplet). The participants
were made aware of the delayed memory test before the start
of the experiment.

Experiment 2
Experiment 2 was identical to Experiment 1, but added two
further conditions without any instructed processing. These
conditions served as baselines against which we could gauge
whether processing a subset of a memory list (according to the
instructed process) improves or impairs memory for the processed triplet, and memory for the not-processed triplet, relative
to a standard test of immediate memory. In the short baseline
condition, recognition followed directly 1,000 ms after the
initial presentation of the list of six words and allowed us to
measure the level of memory directly after encoding. In the
long baseline, a blank screen interval was inserted after list
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Fig. 1 Working memory paradigm of Experiment 1. Subjects were shown a list of six words sequentially, followed by either the first or second triplet
being processed according to the four experimental conditions

presentation for the same amount of time (6 seconds) that the
processing steps in the four experimental conditions took, before participants’ memory was tested. The long baseline condition allowed us to investigate the impact of time on immediate memory without any processing manipulation, so participants were free to use it for any process on the memory items
they might find helpful, or do nothing.

Participants
For Experiment 2, we recruited 30 students from Zurich
University (21 female), ages 19–28 years (M = 23.82 years,
SD = 3.82). They were compensated with either 15 Swiss
Francs (about 15 USD) or partial course credit for the 1-hour
experiment.

Materials and procedures
The six conditions (the four experimental conditions of
Experiment 1 and the two baseline conditions) were implemented within condition-pure mini blocks of four trials,
resulting in 12 trials per condition throughout the whole experiment. Everything apart from adding the two baseline conditions and reducing the number of trials per condition was
held constant between Experiment 1 and Experiment 2.

Results
To draw inferences about the effect of refreshing and elaboration on working memory as well as these processes’ impact on
long-term memory formation, we first focus on the results of
the four processing conditions of Experiments 1 and 2. We
subsequently evaluate these results in comparison with the
baseline conditions of Experiment 2. All data and analysis
scripts can be assessed on the Open Science Framework
(https://osf.io/weuc2).

Data analysis
We analysed Experiments 1 and 2 jointly using a Bayesian
generalized linear mixed model (BGLMM) implemented in
the R package rstanarm (Stan Development Team, 2018).
The dependent variable was the number of correct and incorrect responses in each cell of the design per participant.
Correct responses were defined as choosing the target item
from the four alternatives. Therefore, we assumed a binomial
data distribution predicted by a linear model through a probit
link function (i.e., a repeated-measures probit regression). The
fixed effects were processing (processed vs. not-processed
triplet), repeat/refresh (repeated vs. refreshed items), elaboration (with vs. without elaboration instruction), and all their
interactions. Following the recommendation of Barr and colleagues (Barr, Levy, Scheepers, & Tily, 2013; see also
Schielzeth & Forstmeier, 2009), we implemented the maximal
random-effects structure justified by the design; by-participant
random intercepts and by-participant random slopes for all
fixed effects (as all factors were within-subject factors). In
addition, we estimated the correlation among the randomeffects parameters. As factor coding, we used the orthonormal
contrasts described in Rouder, Morey, Speckman, and
Province (2012; section 7.2) that guarantee that priors affect
all factor levels equally. For factors with two levels as
pﬃﬃﬃ
employed here this corresponds to contrasts with values of 2
pﬃﬃﬃ
=2 and − 2=2.
Following Gelman et al. (2013), the regression coefficients
were given weakly informative Cauchy priors, with location 0
and scale 5. We used completely noninformative priors for the
correlation matrices, so-called LKJ priors, with shape parameter 1 (Stan Development Team, 2017). Bayesian procedures
provide posterior probability distributions of the model parameters (i.e., the regression weights) that express uncertainty
about the estimated parameters. The highest density regions
(HDRs) of these posteriors can be used for statistical
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inference. A 95% HDR represents the range in which the true
value of a parameter lies with probability 0.95, given model
and data (Morey, Hoekstra, Rouder, Lee, & Wagenmakers,
2016). If zero lies outside the Bayesian HDR, then there is
strong evidence for the existence of the corresponding effect;
although the strength of evidence varies continuously, for simplicity we will describe effects as Bcredible^ if their HDRs
exclude zero. We used an MCMC algorithm (implemented
in Stan; Carpenter et al., 2017) that estimated the posteriors
by sampling parameter values proportional to the product of
prior and likelihood. These samples are generated through
four independent Markov chains, with 1,000 warm-up samples each, followed by 1,000 samples drawn from the posterior distribution which were retained for analysis. Following
Gelman et al. (2013), we confirmed that the four chains converged to the same posterior distribution by verifying that the
^ statistic—reflecting the ratio of between-chain variance to
R
within-chain variance—was <1.02 for all parameters, and we
visually inspected the chains for convergence.
For analysing the baseline conditions in Experiment 2, we
estimated a second binomial BGLMM with two fixed-effects
factors and their interaction on the same dependent variable.
We again estimated the maximal random-effects structure and
the correlation among the random effects parameters. The first
factor was processing with two levels: processed or long baseline versus not-processed or short baseline. This factor groups
the conditions in which processing of words during maintenance is instructed or at least enabled, and the conditions
providing no opportunity for such processing. The second
factor combined repeat/refresh, elaboration, and baseline into
a single grouping factor with five levels: repeat with elaboration, repeat without elaboration, refresh with elaboration, refresh without elaboration, and baseline. Note that we will focus here on the pairwise comparisons of the baseline conditions against the other factor levels. To test these pairwise
comparisons, we calculated difference distributions (i.e., posterior distributions of the differences of parameter values between two conditions) and report their 95% HDRs. Again, if
this HDR does not contain zero, then this constitutes evidence
^
for a highly credible difference. Again, we verified that the R
statistic was <1.01, and visually inspected the chains for
convergence.

Results
Figure 2 shows the estimated proportion of correct responses
and their corresponding 95% highest posterior density regions
for the immediate and delayed memory data from the core
design shared by both experiments. The posterior effect estimates are presented in Tables 1 and 2. As the BGLMM for the
experimental conditions of Experiment 1 and 2 revealed evidence for the same pattern of results, we combined the data in

a single BGLMM, which is presented in the following.2 We
also ran a BGLMM including word concreteness as a factor,
but that factor had only a main effect, without entering into
any interactions, and therefore we present the simpler model
without concreteness.
A first question was whether our manipulation of processing half of a memory list had an effect on memory. The analysis for immediate memory supported an effect of our manipulation, as it showed a credible main effect of processing,
implying that participants had better memory for items that
were processed again after initial encoding than for items from
the not-processed triplets (see Table 1 and Fig. 2, upper panel).
This was also true for delayed memory: Items that were processed again after encoding were better remembered than notprocessed items (see Table 2 and Fig. 2, lower panel).
In what follows, we first report effects of refreshing and of
elaboration on immediate memory, followed by the effects of
these two processing manipulations on delayed memory. In
each section, we first focus on the effects of each processing
manipulation within the core design, drawing on the joint
analysis of both experiments. Next, we ask how each experimental condition of the core design compares to the baseline
conditions of Experiment 2. We compared the immediate
memory performance in each processing condition of
Experiment 2 to the baselines using pairwise comparisons of
the difference distributions taken from the second BLGMM
described above. Figure 3 shows the estimated response probabilities in the immediate and delayed memory test in the six
conditions of Experiment 2. The analysis revealed that there
was no difference between the two baselines, indicating that
free time after encoding had no effect on memory (neither
immediate, Δ = 0.02, 95% HDR = [−0.03, 0.07], nor delayed,
Δ = 0.04, 95% HDR = [−0.01, 0.10]).3 We therefore pooled
the baselines for all following comparisons to the processing
conditions reported below.4

Working memory
Refreshing effects on working memory We first tested how the
effect of refreshing a subset of words in working memory
compares to the effect of repeated reading of these words.
This is the comparison through which Johnson and colleagues
evaluated the effect of refreshing on delayed memory
2
We have also analysed the accuracy data with a standard mixed ANOVA.
The pattern of significant and nonsignificant effects matched that of credible
and noncredible effects reported for the BGLMM. Note, however, that
analysing accuracy data with a linear model (such as ANOVA) is highly
discouraged and can lead to spurious results (e.g., Jaeger, 2008).
3
For all pairwise comparisons reported in the text, results are on the probability scale (i.e., Δ = 0.02 corresponds to an effect of 2%).
4
In other words, all comparisons against the baseline reported below are based
on the second BGLMM. To obtain the results, we averaged the posterior
samples of the short and the long baseline and used this distribution for the
calculation of the difference distributions for each pairwise comparison.
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Fig. 2 Proportion correct of the combined data from Experiments 1 and 2
in the immediate (WM, upper graph) and delayed (LTM, lower graph)
memory task. Grey symbols and error bars represent estimated

proportions and their 95% HDRs from the BGLMM. Crosses represent
observed proportions. Overlap indicates the model adequately describes
the data

(Johnson et al., 2002; Raye et al., 2007). The BGLMM shows
a credible main effect of repeat/refresh (see Table 1) but in the
direction of an overall advantage for trials with a repeated
triplet over trials with a refreshed triplet. Thus, the direction

of this effect is in opposite direction to what was observed by
Johnson et al. for delayed memory. This main effect was further qualified by the two-way interaction of processing and
repeat/refresh, indicating that repeated words benefited more

Table 1 Posterior effect estimates and their 95 % HDRs of the generalized linear mixed model for binomial response variables for the immediate serial
memory data of Experiments 1 and 2

(Intercept)
Processing
Repeat/refresh
Elaboration
Processing × Repeat/refresh
Processing × Elaboration
Repeat/refresh × Elaboration
Processing × Repeat/refresh × Elaboration

Mean parameter
on probit scale

95% HDR

0.46
0.32
−0.20
−0.04
−0.18
−0.02
0.04
0.04

[0.37, 0.56]
[0.27, 0.37]
[−0.26, −0.15]
[−0.09, 0.01]
[−0.23, −0.13]
[−0.07, 0.03]
[−0.02, 0.10]
[−0.02, 0.11]

Note. Credible effects, defined as HDRs excluding zero, are printed in boldface. HDR = highest density region
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Table 2 Posterior effect estimates and their 95 % HDRs of the generalized linear mixed model for binomial response variables for the delayed memory
data of Experiments 1 and 2
Mean parameter
on probit scale

95% HDR

(Intercept)

−0.35

[−0.42, −0.27]

Processing

0.11

[0.06, 0.16]

Repeat/refresh
Elaboration

0.04
−0.10

[−0.01, 0.10]
[−0.16, −0.05]

Processing × Repeat/refresh
Processing × Elaboration

−0.07
−0.05

[−0.15, 0.00]
[−0.12, 0.03]

Repeat/refresh × Elaboration

0.12

[0.05, 0.19]

Processing × Repeat/refresh × Elaboration

0.02

[−0.08, 0.11]

Note. Credible effects, defined as HDRs excluding zero, are printed in boldface. HDR = highest density regions

from being processed again than refreshed words did.
Nevertheless, the effect of processing appeared for both, repeated words (Δ = 0.21, 95% HDR = [0.18, 0.24]) and
refreshed words (Δ = 0.10, 95% HDR = [0.07, 0.13]).
Next, we compared the effect of guided refreshing to the
baseline level of memory (i.e., pooled short and long baseline), separately for processed and not processed words.
Whereas the processed words in the repeat condition were

remembered better than the words in the baseline conditions
(Δ = 0.18, 95% HDR = [0.14, 0.21]), the processed words in
the refresh condition were not—memory for refreshed words
was about equal to memory in the baseline conditions (Δ =
0.03, 95% HDR = [−0.005, 0.06]). Further, the comparison of
the not-processed triplets in the refreshing condition to the
baseline suggests that refreshing a subset of items in working
memory harms the memory for the remaining items (i.e., the

Fig. 3 Proportion correct of the immediate serial (WM, upper graph)
and delayed cued (LTM, lower graph) memory performance of all
conditions of Experiment 2. Grey symbols and error bars in the

background represent estimated proportions and 95% HDRs.
Crosses represent observed proportions. Overlap indicates the
model adequately describes the data
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not-processed triplet; Δ = −0.08, 95% HDR = [−0.11, −0.04]).
This did not appear to be the case for the not-processed triplet
in the repeat condition (Δ = −0.03, 95% HDR = [−0.07,
0.00]). To summarize, whereas repeating a subset of words
in working memory boosts their availability in memory above
a no-processing baseline, refreshing merely maintains memory at the baseline level, while at the same time not-refreshed
words drop below the baseline level.
Effects of elaboration on working memory In the BGLMM for
the core design of both experiments, there was no credible
evidence for a main effect of elaboration on working memory
performance, or for any of the interactions involving elaboration (see Table 1 and Fig. 2). However, the result is not
completely clear-cut. For the main effect of elaboration, 94%
of the posterior mass of the effect was in the direction of better
memory in the elaboration than the no-elaboration conditions.
For the interaction of repeat/refresh with elaboration, 97% of
the posterior indicated better memory in the repeat with elaboration than in the repeat without elaboration condition. For
the three-way interaction of processing, repeat/refresh, and
elaboration, 78% of the posterior indicated that the processed
words in the repeat-with-elaboration condition tended to be
recalled better than words in all other conditions (see Fig. 2).
Note that the direction of these effects was the same as the
ones observed for delayed memory (compare Table 1 to
Table 2), but appeared to be somewhat smaller.
Notwithstanding the absence of credible effects involving elaboration, we next compared memory for words in
the elaboration conditions, as well as memory for words in
the conditions without elaboration, separately against the
(pooled) baseline in Experiment 2. Words in the elaboration conditions were better remembered than the baseline
(Δ = 0.04, 95% HDR = [0.01, 0.07]). Again, this effect
was mainly driven by the words in the repeat-withelaboration condition (see Fig. 3). In contrast, the words
in the conditions without elaboration showed no credible
difference to the baseline (Δ = 0.03, 95% HDR = [−0.01,
0.05]). In summary, the results do not provide convincing
evidence for an effect of elaboration on working memory.
If anything, the effect was small and confined to the condition in which the words were repeated.

Long-term memory
Effects of refreshing on long-term memory The joint
BGLMM of both experiments (see Table 2) revealed no
evidence for a main effect of repeat/refresh on delayed
memory performance, and also no evidence for an interaction of processing with repeat/refresh. Hence, contrary to
the findings of Johnson and colleagues, refreshing did not
lead to better long-term memory than repeated reading. We
nevertheless compared words in the refresh and repeat

conditions separately against the baseline. The comparisons with the (pooled) baseline conditions indicates that
the processed triplets of the refreshing without elaboration
condition were remembered at about the same level as the
baselines (Δ = 0.04, 95% HDR = [−0.01, 0.09]), as was
memory for the processed words of the repeat without
elaboration (Δ = 0.00, 95% HDR = [−0.05, 0.05]). Note
that the above pattern of results also holds for a lenient
score of performance in the delayed memory task, counting
all responses showing correct item memory (i.e., the target,
same-list items, and other-list items) as correct responses.
To summarize, our results provide no evidence for an effect
of refreshing on long-term memory.
Long-term memory effects from elaboration The analysis of
the delayed memory data revealed evidence for a main effect
of elaboration, and an interaction of repeat/refresh with elaboration. Follow-up analyses of the interaction revealed that the
elaboration effect appeared for words in the repeat conditions
(repeated with elaboration vs. repeat without elaboration: Δ =
0.10, 95% HDR = [0.06, 0.14]), but not in the refresh conditions (refresh with elaboration vs. refresh without elaboration:
Δ = 0.01, 95% HDR = [−0.03, 0.05]). In sum, memory was
better for trials with instructed elaboration, but only when
elaboration was accompanied by repetition. Furthermore, in
Experiment 2, the triplets in the repeat-with-elaboration condition (Δ = 0.07, 95% HDR = [0.02, 0.11]) showed better
memory than the (pooled) baseline. Likewise, the triplets in
the refreshing with elaboration condition showed better memory than the baseline (Δ = 0.05, 95% HDR = [0.004, 0.08]).
Together, this suggests a beneficial effect of elaboration for
long-term memory compared with conditions without any
processing instruction, or without time for processing. None
of the other differences to the (pooled) baseline were credible.
The above evidence speaks for a beneficial effect of elaboration on long-term memory.

Discussion
Refreshing and elaboration have been proposed as control
processes on the contents of working memory, potentially
serving to maintain them in working memory and to lay the
ground for successful long-term memory formation. Our
main goal was to investigate the impact of experimentally
induced refreshing and elaboration on working memory
and episodic long-term memory. Comparing the effect patterns of refreshing and elaboration should help to answer
the question whether the two processes are distinguishable.
In the following, we will first discuss the effects of both
processes on long-term memory and second their effects on
working memory.
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How do elaboration and refreshing affect long-term
memory?
Long-term memory retrieval was highest for repeated items
that were elaborated, confirming that participants followed the
elaboration instruction, and replicating the long-term memory
benefit of elaboration. Furthermore, elaboration of repeated
words resulted in long-term memory benefits compared with
the level of memory directly after encoding (short baseline)
and compared with the level after additional free time after
encoding (long baseline), demonstrating that instructed elaboration added something over and above people’s spontaneous encoding behaviour.
Refreshing showed no effects on long-term memory. We
need to ask why, in contrast to the present study, previous
studies reported long-term memory benefits for refreshing
(Johnson et al., 2002; Johnson et al., 2004; Raye, Johnson,
Mitchell, Greene, & Johnson, 2007; Raye, Johnson, Mitchell,
Reeder, & Greene, 2002). Some methodological differences
might have contributed to the discrepancy between our finding and those of Johnson and colleagues (Johnson et al., 2002;
Raye et al., 2002). First, Johnson and colleagues tested episodic long-term memory through a standard yes–no itemrecognition test, whereas we used a four-alternative forcedchoice test tapping both item and relational memory. We do
not think that this explains the different outcomes because we
also found no effect of refreshing on a lenient score for delayed memory that reflected only item memory.
Second, the present study asked participants to refresh
three items in working memory, whereas previous studies included refreshing memory sets of only one to two items per
trial. Therefore, it is possible that refreshing benefits on longterm memory occur only when working memory load is low,
so that people have a good chance to remember the words
when they are asked to refresh them. Against that possibility
speaks the study by Souza et al. (2015), which showed (shortterm) memory refreshing benefits with six-colour arrays.
Future research has to clarify whether refreshing verbal material only benefits long-term memory when the load on working memory is low.
A third discrepancy between the present study and previous
research is that the present memory test was not incidental but
well expected by the participants. The mere knowledge about
a delayed memory test might have changed the participants’
behaviour in our experiment. Furthermore, previous research
by Johnson and colleagues never included an immediate
memory test, as was the case here. Thus, we might have created a testing effect for all items, whereas Johnson et al.’s
method might have created a testing effect only for the
refreshed item. The instruction of previous studies to Bthink
of^ included also the instruction to recall the refreshed item
aloud, which confounded refreshing with recall. The increased
long-term memory for refreshed items in previous studies

therefore could have been due to recall—in line with the testing effect (Roediger & Karpicke, 2006)—rather than due to
refreshing per se. One possible conclusion from our study is
that the refreshing benefit observed by Johnson et al. can only
be observed for long-term memory with their experimental
design and is not universal. At least, our study demonstrates
a clear boundary condition of said refreshing benefit.

Does elaboration benefit working memory?
As elaboration benefited long-term memory, in this as well as
in previous studies, we were interested also in its immediate
effects on memory. Despite its clear advantage at the delayed
test, there was no compelling evidence for an effect of elaboration on immediate memory. If anything, elaboration tended
to be helpful only when the to-be-remembered words were
presented again in the retention interval—which is typically
not the case in tests of working memory. Our findings therefore fail to provide experimental support for the conclusion
from previous correlational studies, which found that higher
performance on complex-span tasks was related to individuals’ use of so-called normatively effective elaboration strategies such as imagery and sentence generation (Bailey et al.,
2008, 2011; Bailey et al., 2009; Dunlosky & Kane, 2007).
Reasons for this could be due to the present study using a
simple-span paradigm and previous research relying on
complex-span tasks. Bailey et al. (2011), following
Unsworth and Engle (2007), have argued that in complex
span, retrieval comes mostly from Bsecondary memory^
(i.e., episodic LTM), and they have provided initial evidence
that self-reported elaboration predicted performance only on
those trials of a simple-span test that also involved retrieval
from episodic LTM. Therefore, our findings could be reconciled with those of previous strategy self-report studies by
assuming that elaboration improves only episodic LTM. An
alternative explanation, of course, would be the reverse causality: If participants have good memory, they have more information in memory to elaborate on. They would subsequently also show better LTM.

How does refreshing affect working memory?
When a subset of the words in working memory is refreshed,
the refreshed words are remembered better in an immediate
test than the words from the not-refreshed subset. Therefore,
refreshing is effective in prioritizing the refreshed representations within working memory. This effect of refreshing, however, is weaker than that of repeating the words. Our results
from Experiment 2 further show that, in contrast to repeating,
refreshing a subset of items in working memory did nothing to
improve memory for the refreshed items relative to the baselines without any instructed processing. At the same time, the
remaining items (i.e., the not-processed triplet) were
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remembered worse compared with the baselines. In sum, refreshing a triplet of words in working memory has no beneficial effect on immediate memory beyond maintaining performance at the level that is achieved when tested immediately
after encoding. At the same time, refreshing some items negatively affects the remaining items in memory.
Our study was strongly inspired by a recent direct experimental manipulation of refreshing (Souza et al., 2015), which
showed refreshing benefits for visual material in working
memory. So, why did we not find a refreshing benefit above
baseline level? One explanation could be that in our study
items were only refreshed once. Souza et al. found that the
beneficial effect of refreshing increases with its frequency:
The more refreshing opportunities an item receives, the higher
the probability of recalling that item. Nevertheless, the discrepancy between our results and those of Souza et al.
(2015) is not that big: The Souza et al. refreshing-frequency
effect is a comparison between memory for items receiving
zero, one, and two refreshings within a memory set. This
comparison is analogous to that between processed vs. notprocessed triplets in our study, for which we obtained a credible difference: Within the refreshing condition, processed
triplets (refreshed once) were recalled better than notprocessed triplets. One difference still remains: In Souza
et al.’s study, the refreshed items were recalled better than
the baseline conditions without any processing instruction,
which was not the case in our Experiment 2. This difference
between baseline and refreshing conditions, however, was not
found in a more recent study of guided refreshing of visual
memory items (Souza & Oberauer, 2017a). Taken together,
the previous studies and the present experiments converge on
the following conclusion: Refreshed items in working memory are remembered better than not-refreshed items within the
same trial, but when these refreshed items are compared with
baseline performance in separate trials without any refreshing
instruction, refreshing yields no beneficial effect.
Apart from the Souza et al. studies discussed above, most
studies on the effect of refreshing on WM performance have
used complex-span tasks. One could argue that the lack of a
beneficial effect of refreshing in our experiments was because
we did not use a complex-span task. However, there is no
theoretical reason why refreshing should be limited to
complex-span paradigms. One effect often attributed to refreshing, the McCabe effect, has recently been shown to arise
from opportunities to refresh in both simple-span and
complex-span tasks (Souza & Oberauer, 2017b). We therefore
see no reason why our findings should not generalize to other
paradigms, including complex span.
Our results are consistent with the idea that refreshing
maintains representations in working memory, whereas notrefreshed representations are forgotten over time. On this assumption, refreshing can at best be expected to keep performance at the level obtained at an immediate test (i.e., the short

baseline of Experiment 2). This was the case for the refreshed
triplets, whereas memory for the not-refreshed triplets
dropped below that level. During a retention interval without
instructed processing (i.e., the long baseline of Experiment 2),
participants can be assumed to refresh all six words. One
might wonder why concentrating the entire time on refreshing
a subset of three words did not lead to better memory for these
three words than distributing the same refreshing time over all
six words. Whereas our data showed a trend in that direction
(compare the refreshed triplets to the long baseline in Fig. 3),
there was no statistical evidence supporting it. This could be
explained by assuming that refreshing is so efficient that it can
maintain the memory strength of all six words, and concentrating refreshing on a subset of three items means to refresh
them more than necessary, without appreciable further benefit.
Our results are also consistent with the alternative view that
refreshing a subset of items prioritizes these items in working
memory over the not-refreshed ones. Prioritization could
mean that these items are strengthened, but nothing happens
to the not-refreshed items. At test, when items compete for
retrieval, the not-refreshed items tend to be blocked by their
stronger competitors. Again, one might ask why selectively
strengthening a subset of items does not improve memory for
them above the baseline conditions. Again, the answer could
be that strengthening has diminishing returns, so that the benefit of strengthening some items beyond their initial level is
smaller than the cost for the remaining items.

Are refreshing and elaboration distinct processes?
If refreshing and elaboration are the same, then the pattern of
effects of both processes on working memory and on longterm memory should be the same. The effects on working
memory are not informative in this regard: If elaboration were
different from refreshing, we could expect it to add something
to memory performance over and above mere refreshing—it
did not. This could mean that when asked to refresh a set of
items, people already elaborate them, so that additionally
instructing them to elaborate the items makes no difference.
However, elaboration also did not add much to mere rereading in the repeat condition, either. Therefore, it could also
be that refreshing and elaboration are different processes, but
elaboration simply has no effect on immediate memory.
Evidence for a distinction of refreshing and elaboration lies
in the long-term memory results: Compared with mere rereading the words in the repeat condition, elaboration benefited memory after a delay, whereas refreshing did not.
Likewise, in comparison to the baseline conditions of
Experiment 2, elaboration improved delayed memory whereas refreshing did not. It is particularly telling that elaboration
had this beneficial effect only in conjunction with repeating,
but not in conjunction with refreshing. Apparently, the need to
attend to a set of words in working memory—as opposed to in
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the environment—undermines the effectiveness of elaboration. This is not what we would expect if refreshing and elaboration were two terms for the same process.

Conclusion
We replicated the beneficial effect of elaboration on long-term
memory. Contrary to previous findings, we found no such
effect for refreshing, suggesting that refreshing and elaboration are not the same process. Further, neither refreshing nor
elaboration did much to improve working-memory performance, compared with no processing of the memory representations after encoding. Whatever the working-memory system
does spontaneously—whether engaging in some maintenance
activity, or doing nothing—appears to be hard to beat by any
experimentally induced process.
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