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b Département de Psychologie, Université de Fribourg, Switzerland
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A B S T R A C T

There is growing evidence that false memories can occur in working memory (WM) tasks with only a few
semantically related words and seconds between study and test. Abadie and Camos (2019) proposed a new model
to explain the formation of false memories by describing the role of articulatory rehearsal and attentional
refreshing, the two main mechanisms for actively maintaining information in WM. However, this model has only
been tested in recognition tasks. In the present study, we report four experiments testing the model in recall tasks
in which the active maintenance of information in WM plays a more important role for retrieval. Short lists of
semantically related items were held for a short retention interval filled with a concurrent task that either
impaired or not the use of each of the WM maintenance mechanisms. Participants were asked to recall the items
immediately after the concurrent task (immediate test) or later, at the end of a block of several trials (delayed
test). In the immediate test, semantic errors were more frequent when WM maintenance was impaired. Specif-
ically, rehearsal prevented the occurrence of semantic errors in the immediate test, while refreshing had no effect
on their occurrence in this test, but increased semantic errors produced only in the delayed test. These results
support Abadie and Camos (2019) model and go further by demonstrating the role of active information
maintenance in WM in the emergence of false memories. The implications of these findings for understanding
WM-LTM relationships are discussed.

1. Introduction

“All remembering is constructive in nature,” Roediger and McDer-
mott (1995) pointed out in their most cited paper introducing the
technique, referred to as the Deese, Roediger and McDermott (DRM)
paradigm, that would become the most popular for the experimental
investigation of false memories. The basic procedure is straightforward:
Participants hear or read lists of 12 to 15 words that are the strongest
semantic associates of an unpresented critical word according to word
association norms (e.g., Nelson et al., 2004). These words such as “hill,
valley, climb, summit, top, etc.” share many semantic associations with
each other and with a critical theme word not presented, “mountain”
(Brainerd et al., 2008). When tested immediately after the presentation
of each list or of several lists, participants often recall and/or recognize
the theme word as having been presented, resulting in a robust form of
memory illusion. The majority of studies have used long lists of
semantically related items and relatively long delays between the study
of the material and its later testing (see Gallo, 2006; Gallo, 2010; Chang

& Brainerd, 2021, for reviews). This phenomenon has been replicated
across a variety of experimental situations and is now considered a
hallmark of long-term memory (LTM) functioning.

Recent studies have extended these settled findings by showing that
the DRM illusion can also occur in working memory (WM) tasks for lists
of only a few items when a short interval (e.g., 4 s) is provided between
study and test (e.g., Atkins & Reuter-Lorenz, 2008). At first glance, this
striking parallel between the memory distortions that can affect both
short- and long-term tests suggests, as Roediger and McDermott (1995)
had hinted, that reconstructive retrieval processes are not exclusive to
LTM, but can also operate in WM. WM is conceived as a limited capacity
system for maintaining relevant representations in the short term. This
apparent convergence between WM and LTM processes supports a uni-
tary view of memory. However, most of these studies used recognition
tasks that are questionable when trying to distinguish the influence of
WM processes from that of LTM processes because they favor the use of
LTM (e.g., Uittenhove et al., 2019). Furthermore, although still using
recognition tasks, several experiments have shown that short-term false
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memories only emerge when the opportunities to maintain information
in WM are reduced (e.g., Abadie & Camos, 2019). These findings raise
two questions of fundamental importance, the first concerning the
involvement of WM in short- and long-term false memories, and the
second concerning the similarities and dissociations between WM and
LTM processes.

The present study was designed to address these two questions using
two novel approaches. The first is to shift from recognition to recall.
Compared to recognition, recall is more conducive to the use of active
maintenance in WM and of recollective processes during retrieval (e.g.,
Uittenhove et al., 2019). These are optimal conditions for testing
whether short-term false memories actually arise during WM mainte-
nance. The second approach, inspired by Abadie and Camos (2019)
methodology, involves orthogonally varying the availability of the two
main WM maintenance mechanisms, articulatory rehearsal and atten-
tional refreshing, to compare the occurrence of short- and long-term
false memories when WM maintenance via one and/or the other of
these mechanisms is impeded and when it is not. Abadie and Camos
(2019) proposed that the use of each of these WM maintenance mech-
anisms moderates the occurrence of short- and long-term false memories
differently. Articulatory rehearsal would reduce short-term false mem-
ories without affecting long-term false memories, while attentional
refreshing would affect only long-term false memories. The four re-
ported experiments showed exactly this pattern. Before presenting the
experiments, we review previous evidence of short-term false memories
in recognition, present Abadie and Camos' theoretical proposal that
accounts for them, describe the pitfalls of previous experimental tests
and sketch the extension of Abadie and Camos model to encompass false
memories in recall.

1.1. False memories in WM

Over the past decades, several studies, most of which using recog-
nition tasks, have demonstrated that false memories may occur rapidly,
on the time scale of a WM task, and may not require the use of long lists
of memory items. Coane et al. (2007) showed that after studying DRM
lists with only five to seven items and a delay of about 1 s, participants
incorrectly endorsed the unpresented critical theme word as “old”
20–22% of the time. Although false alarm rates for critical lures were
lower than those observed in long-term studies (e.g., 40–55%; Roediger
& McDermott, 1995), they were significantly higher than false alarm
rates for other weakly related or unrelated lures. Moreover, a semantic
interference effect was found on reaction times (RTs) for correct re-
jections of critical lures. Compared with unrelated distractors, critical
lures took approximately 100 ms or more to be rejected, whatever the
sizes (5–7 items) of the memory lists. Atkins and Reuter-Lorenz (2008,
Exp. 1A & 2A) also reported fairly high false alarm rates (31%) for
critical lures and increased RTs for their correct rejection in a short-term
recognition test1 with 4-item DRM lists that was completed after a 3–4 s
retention interval. These findings suggest that false recognition errors
can reliably occur within the temporal (i.e., after a few seconds of
retention) and set size (i.e., for short memory lists) parameters charac-
teristic of WM.

A subsequent study showed that the same mechanisms involved in
long-term false memories underlie the semantic interference effect in a
short-term recognition test (Atkins & Reuter-Lorenz, 2011). Further
studies (Flegal et al., 2010) compared false recognition rates, confidence
ratings and Remember/Know judgments (Roediger III et al., 1993) in an

immediate recognition test administered after a 3–4 s retention interval
and in a surprise delayed recognition test that occurred approximately
20min later. Critically, the incidence of false recognition of semantically
related lures was found to be relatively stable across delays (13–23%).
Moreover, neither confidence ratings nor “remember” judgments asso-
ciated with false recognition changed over time, suggesting that the
subjective feeling of certainty that characterizes some cases of false
recognition may be relatively invariant over time.

Although these studies suggest some overlap in the mechanisms of
LTM and WM, other studies have shown dissociations between imme-
diate and delayed tests on false memory rates. Flegal and Reuter-Lorenz
(2014) conducted two experiments in which the level of information
processing (Craik & Lockhart, 1972) was manipulated as participants
encoded 4-item DRM lists. Level of processing had little effect on
recognition performance at delays of a few seconds. However, deep
encoding (relative to shallow encoding) increased true and false mem-
ory rates in a surprise recognition test 20 min later. Furthermore, some
studies have varied the presence or absence of a concurrent task during
the retention interval between the study phase and the immediate test.
For example, in Atkins and Reuter-Lorenz's (2008, Exp.1 A & 2 A) study,
this interval was either filled or not filled by a mathematical distraction
task requiring attention. Interestingly, although false recognition still
occurred, it was greatly reduced in the absence of a concurrent task
during the retention interval. These latter findings question the role of
WM in the occurrence of false memories. The emergence of short-term
false memories may be attributed to the fact that performing a concur-
rent task during the retention interval impairs the maintenance of in-
formation in WM. Hence, providing compelling evidence that WM
produces memory distortions requires first ensuring that items can be
maintained in and retrieved from WM.

1.2. WM maintenance mechanisms and their effects in immediate and
delayed tests

The main point of divergence between the different WM models is
the question of the separability of LTM and WM (see Logie et al., 2021,
for a review). While some propose that WM is the activated part of LTM
(Cowan, 1999; Engle, 2001; Oberauer, 2002), others envision a clear
distinction between the two memory systems (Baddeley, 1986, 2007;
Barrouillet& Camos, 2015; Unsworth& Engle, 2007). In the latter view,
WM would construct, maintain, and transform mental representations
according to the goals of the task at hand. Constructions and trans-
formations would often require the use of information stored in LTM and
could also lead to the creation and storage of new information in LTM.

Within the latter conception, Barrouillet and Camos (2015) time-
based resource-sharing (TBRS) model of WM describes two main
mechanisms for maintaining representations in WM: articulatory
rehearsal and attentional refreshing. Although the two mechanisms
appear similar in many ways, they differ in some important ways
(Camos, 2015, 2017; Camos et al., 2018). First, rehearsal is assumed to
rely on subvocal articulation of verbal information, whereas refreshing
is assumed to rely on attentional reactivation of memory traces. Second,
each of these mechanisms is assumed to maintain distinct traces of items
in separable subsystems of WM. On the one hand, rehearsal is seen, as in
Baddeley (1986); Baddeley (2007) model, as a speech-based mainte-
nance mechanism that can only be used to maintain verbal information.
It operates through articulatory repetition of the phonological traces of
verbal items that are temporarily stored in a phonological loop. On the
other hand, refreshing is thought to reactivate memory traces of any
type (verbal or nonverbal) in an executive loop by paying attention to
them. Finally, in contrast to refreshing, which is an attention-based
process, articulatory rehearsal is thought not to rely, or to rely only
minimally, on attention (e.g., Camos & Barrouillet, 2014; Chen &
Cowan, 2009; Naveh-Benjamin & Jonides, 1984).

Numerous behavioral, developmental and neuroimaging studies
have shown that attentional refreshing and articulatory rehearsal are

1 Note that we use the terms short-term test or immediate test interchange-
ably, as is the case in the WM literature, to refer to memory tests that take place
after a few seconds of retention, which may or may not be filled with a con-
current task. Conversely, we use the terms long-term test or delayed test to refer
to memory tests that take place after several trials with an immediate memory
test.
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two independent processes. For example, Camos et al. (2009, 2011)
showed that varying the opportunity to use one mechanism while con-
trolling the other during the retention interval of a typical WM task
resulted in poorer immediate recall performance. Moreover, orthogonal
manipulation of the two mechanisms produced an additive effect on
correct immediate recall, suggesting that both mechanisms contribute to
recall performance, but independently. Further supporting the inde-
pendence of the two mechanisms, brain imaging studies have shown
that different brain networks underlie each of the two mechanisms (e.g.,
Johnson et al., 2005; Raye et al., 2007; Smith & Jonides, 1999; Trost &
Gruber, 2012). Additionally, they have different effects on long-term
maintenance. While rehearsal has no effect on delayed recall (Greene,
1987), increasing the opportunity to use refreshing improves delayed
recall (Camos & Portrat, 2015; Loaiza & McCabe, 2012, 2013). To ac-
count for these different effects of maintenance mechanisms on delayed
recall, the TBRS model proposes that rehearsal restores sensory input
through output planning processes (Jones et al., 1995, 2007; Macken
et al., 2016), which does not rely on LTM traces after the initial
configuration of the articulatory program. Refreshing, on the other
hand, would leave partial traces in LTM of reconstructions it made in
WM. In other words, the use of rehearsal does not affect LTM, whereas
refreshing favors the long-term maintenance of memory traces previ-
ously maintained in WM.

1.3. A new account of short and long-term false memories

To examine the role of WM maintenance mechanisms on false
memory, Abadie and Camos (2019) conducted a series of experiments in
which the availability of each mechanism was manipulated. The para-
digm was similar to that used in the previously presented short-term
false memory studies (Atkins et al., 2008; Flegal et al., 2010), except
that the attentional demand of the concurrent task performed during the
retention interval was varied in order to manipulate refreshing oppor-
tunities. The concurrent task was either high (e.g., verifying mathe-
matical operations) or low (e.g., simply reading of the same operations)
attentional demanding. Increasing the attentional demand of a concur-
rent task while maintaining items reduces the opportunities for
refreshing the memory items (e.g., Barrouillet et al., 2004, 2007). In
addition, to vary the availability of rehearsal, the concurrent task was
performed aloud (i.e., articulatory suppression) or silently. Performing a
memory task under articulatory suppression reduces the opportunity to
rehearse the memory items (e.g., Baddeley, 1986, 2012). Results from
an immediate recognition test administered after the 4-s retention in-
terval showed that false recognition of semantically related items was
higher when the use of bothWMmaintenance mechanisms was impeded
than when it was not. In contrast, in a delayed test administered later at
the end of the experiment, false memories were less frequent when both
WM mechanisms were impeded than when they were not. These find-
ings show a dissociation between immediate and delayed tests on false
memory rates. They suggest that false memories found in immediate
tests do not arise fromWM, because these errors were less frequent when
items were actively maintained in WM. This series of experiments also
unraveled the role of each mechanism. Articulatory suppression
increased false memories in the immediate test, but had no effect in the
delayed test. In contrast, reducing refreshing opportunities had no effect
on false memories in the immediate test, but reduced false memories in
the delayed test. Although we are not aware of other studies that have
examined the effect of refreshing, these findings are consistent with
some studies that also report a larger false memory effect under artic-
ulatory suppression (Atkins et al., 2011; Macé & Caza, 2011).

To account for the emergence of short- and long-term false mem-
ories, Abadie and Camos (2019) proposed a model that integrates the
fuzzy-trace theory (FTT, Reyna & Brainerd, 1995) conception of LTM
with the TBRS (Barrouillet & Camos, 2015) model of WM. According to
the FTT, the nature of representations retrieved during a memory test,
either verbatim or gist, determines the formation of false memories.

Verbatim traces are representations of the surface forms of the items to
be remembered (e.g., the details that accompany their presentation),
whereas gist traces are representations of the semantic features of the
items (e.g., Brainerd et al., 2014). Both support true memory for expe-
rienced items, but their retrieval has opposite effects on false memory. In
recognition tasks, when related distractors are presented at test,
retrieval of verbatimmemories leads to their rejection, whereas retrieval
of gist memories leads to their acceptance. Therefore, variations in the
contribution of these two types of traces impact the incidence of false
memories. By integrating the TBRS model with the FTT, Abadie and
Camos (2019) model depicts how WM maintenance mechanisms influ-
ence the formation of verbatim and gist traces and thus the emergence of
short- and long-term false memories.

Based on the literature on the two WM maintenance mechanisms
reviewed above, Abadie and Camos (2019) model, summarized in Fig. 1,
proposes that the use of articulatory rehearsal strongly emphasizes
verbatim memory and minimizes reliance on gist memory. Rehearsal
does not rely on LTM and does not use semantic information from the
items (see also Loaiza& Camos, 2018). Thus, the use of rehearsal should
reduce the occurrence of short-term false memories and increase true
memories on immediate tests but should have no effect on LTM and thus
on delayed tests. In contrast, refreshing should allow for the mainte-
nance of verbatim and gist traces in WM, and its disruption should
reduce verbatim and gist retrieval. Because gist traces are countered in
the short term by strong verbatim traces, the use of refreshing should
increase correct recognition but have no effect on false memories in
immediate tests. However, its use should increase both true and false
memory in delayed tests. The reconstructions made by refreshing traces
in WM leave partial traces in LTM, thus favoring their correct retrieval in
delayed tests. Moreover, gist traces are less susceptible to loss and
interference than verbatim traces (e.g., Abadie et al., 2013, 2017). They
more strongly support memory retrieval after prolonged retention, thus
favoring false memories. The predictions of this integrated model were
supported by three series of experiments that examined recognition
performance in immediate and delayed tests and provided direct mea-
sures of verbatim and gist representations in adults and children (Abadie
& Camos, 2019; Abadie & Rousselle, 2023; Rousselle et al., 2022).

1.4. The case of recall

Most previous studies have examined short-term false memories
using recognition tasks. However, it is now essential to examine whether
these false memories also occur in recall tasks for at least three reasons.
First, in the traditional DRM paradigm, false memories also manifest as
semantic errors in free recall. Therefore, it is appropriate to examine
whether short-term false memories also occur in recall tasks. This is
particularly important because recognition is more sensitive to the DRM
illusion than recall (e.g., Chang & Brainerd, 2021). In two experiments,
Atkins and Reuter-Lorenz (2008; Exp. 1B & 2B) demonstrated the
occurrence of semantic errors in a short-term recall task. Although small
in number (about 5% compared to about 20% in recognition), these
errors were more frequent than other types of errors. This suggests that,
as in long-term studies, the short-term false memory effect is stronger in
recognition than in recall. Thus, the almost exclusive use of recognition
in previous studies may have led to an overestimation of the occurrence
of short-term false memories.

Second, it is important to ensure that short-term false memories are
not strictly dependent on specific retrieval processes. If these errors do
not occur in recall, this would imply that they are inherent to the
retrieval processes specifically involved in recognition. Whether recall
and recognition rely on different retrieval processes is still a matter of
debate in the LTM literature. However, a number of studies suggest that
both recollective processes, which involve direct access to verbatim
traces of the items studied, and non-recollective processes, which
involve a reconstruction operation accompanied by a familiarity judg-
ment, would be involved in recall. Conversely, recognition would rely

M. Abadie et al.
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more on a single non-recollective process (Brainerd et al., 2009; Brai-
nerd et al., 2012; Brainerd et al., 2014; Brainerd et al., 2015; Brainerd &
Reyna, 2010; Malmberg, 2008; Wixted, 2007). Thus, short-term false
memories may have been overestimated in recognition tests favoring the
use of non-recollective processes.

Finally, recent studies in the WM literature have suggested that
recognition requires active maintenance of the memory items to a lesser
extent than recall (Allen et al., 2018; Uittenhove et al., 2019). If
recognition tests only weakly require active maintenance in WM, the
conclusions of studies on short-term false memories that have primarily
used recognition tests may need to be reconsidered. Moreover, to test the
respective contribution of the mechanisms responsible for active main-
tenance in WM, it is necessary to ensure that active maintenance is
strongly involved in the task used. Thus, the use of recall tasks is an
essential condition to draw sound conclusions about false memories, to
assess the role of WM in their occurrence, and to reevaluate the proposal
of Abadie and Camos (2019).

1.5. The present study

We reported four experiments in which participants had to maintain
four-item DRM lists over a retention interval of a few seconds. In Ex-
periments 1 and 2, the availability of articulatory rehearsal and of
attentional refreshing during the retention interval was manipulated
orthogonally. Then, participants had to recall the four words immedi-
ately after the retention interval and in a delayed test at the end of the
experiment. Experiments 3 and 4 focused more specifically on
refreshing, introducing stronger manipulations of the mechanism.
Moreover, a procedure to assess participants' confidence level or sub-
jective experiences associated with each recall was introduced into these
experiments.

As predicted by Abadie and Camos (2019) model, because rehearsal
strengthens verbatim traces in WM, its use should facilitate direct access
to these traces, increasing true recall and reducing the incidence of se-
mantic false recall in the immediate test. In addition, as rehearsal has
only short-term and not long-term effects, it should not impact true and
false delayed recall. In contrast to rehearsal, refreshing allows infor-
mation to be maintained not only at short, but also at long delays. It also

enhances gist retrieval in delayed recognition tests. Therefore, we ex-
pected that the use of refreshing would increase true recall in the im-
mediate test with no impact on the occurrence of semantic errors. In the
delayed test, the use of refreshing should foster gist retrieval and thus
the occurrence of semantic errors. The predictions of the four experi-
ments and the main results obtained are summarized in Table 1.

2. Experiment 1

2.1. Method

2.1.1. Ethics and sample size
All the experiments were carried out in accordance with the rec-

ommendations of the Declaration of Helsinki. Study procedures were
approved by the Aix-Marseille University Institutional Review Board,
and all participants gave written informed consent prior to
participation.

Based on the effect size of varying articulatory rehearsal opportu-
nities on false memories obtained on recognition tests (Cohen's d= 1.18)
in a previous study using a similar method (Abadie & Camos, 2019), a
power analysis indicated that a total sample size of 40 participants
would be required to achieve a 95% power (G*Power, Faul et al., 2007).
We collected 40 or more participants per experiment to account for
potential data loss. Nevertheless, we performed Bayesian analyses in
which evidence of a null effect is equally informative (Kruschke, 2011;
Kruschke & Liddell, 2018), and Type I error does not increase with
optional stopping (Rouder, 2014).

2.1.2. Participants
Forty young adults (Mage= 21.63 years, SDage= 2.46, range= 19–30

years old; 37 females, 3 males) took part in Experiment 1. They were
students at Aix-Marseille University and received course credits in re-
turn for their participation. All participants declared that they were
healthy, had no learning disabilities and were native French speakers.

2.1.3. Materials

2.1.3.1. Word lists. We selected 40 semantically related word lists from

Fig. 1. Illustration of the model proposed by Abadie and Camos (2019).
Note. According to Abadie and Camos (2019), the use of rehearsal promotes short-term maintenance of verbatim memory and decreases reliance on gist memory.
Verbatim retrieval increases true memory and decreases false memory in the immediate test. The use of refreshing promotes short-term maintenance of verbatim and
gist memory. In the immediate test, the retrieval of strong verbatim traces increases true memory and counteracts the effect of gist memory on false memory.
Refreshing also promotes the retrieval long-term gist traces, increasing both true and false memory.

M. Abadie et al.
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those used in Abadie and Camos (2019). Each list included the four
words most strongly associated (e.g., “snow, ski, winter, downhill”) with
a given non-presented theme word (e.g., “sled”). Each list was selected
on the basis that these four words had no cross-association with any
other given list or their theme words. The 40 lists were then separated
into four groups of 10 lists that were equated in mean Backward Asso-
ciative Strength (BAS,M = 0.35 for each group of lists). Each group was
assigned in a counterbalanced manner to each of the four experimental
conditions (see the description of each condition below). The order of
presentation of the lists within a given group, and for each participant,
was randomized.

2.1.3.2. Concurrent task. Based on the study by Atkins and Reuter-
Lorenz (2008), we used an operation verification task as a concurrent
task, i.e., verifying whether a mathematical expression was true or false.
Each mathematical expression consisted of two successive operations
with first either a division or multiplication, and second an addition or
subtraction, followed by a result to verify. Half of the mathematical
expressions were shown with a true result (e.g., 4 × 5 – 2 = 18), the
other half with a false one (e.g., 6 / 2 + 4 = 8). There were 40 mathe-
matical expressions in total, assigned in a counterbalanced manner to
each of the four conditions, 10 per condition.

2.1.4. Procedure
Experiment 1 was presented on a laboratory computer using the E-

Prime 3.0 software (Psychology Software Tools, Pittsburgh, PA). Before
starting the experiment, participants were informed that this was a
memory experiment and that they would be taking several recall tests.

As in previous studies (e.g., Abadie& Camos, 2019; Atkins& Reuter-
Lorenz, 2008), at the beginning of each trial, four-word associates of a
given list appeared simultaneously on the screen during 1750 ms
(Fig. 2). Participants were asked to read the words aloud to ensure that
they had enough time to read them. Then, participants had to complete
the concurrent task while maintaining the four words for subsequent
recall. A mathematical expression appeared on the screen for 4000 ms.
Depending on the experimental condition, participants had to either
verify the expression (true or false) by pressing the appropriate key
(high attention demanding condition) or simply read it and press the
space bar without verifying it (low demanding condition). Verifying
whether the result of a mathematical expression is true or false is re-
quires more attention than simply pressing the space bar. The oppor-
tunities for refreshing the words were therefore lower in the first
condition than in the second. Similar manipulations of refreshing op-
portunities have been shown to be effective in preventing the attentional
maintenance of information in WM (e.g., Camos et al., 2018, for a

review). Moreover, participants were either asked to perform the con-
current task aloud to reduce the use of articulatory rehearsal, or silently.
Numerous studies have shown that concurrent articulation when
maintaining verbal information strongly impedes the use of rehearsal to
maintain it (e.g., Baddeley, 1986, 2012; for reviews). The availability of
each WM maintenance mechanism, rehearsal and refreshing, was
orthogonally manipulated, resulting in four different experimental
conditions. Participants were then instructed to orally recall the four
presented words (immediate recall test). There were 10 trials per con-
dition. At the end of each condition, participants were asked to count
backwards by twos from a randomly chosen number between 100 and
1000 for 1 min. They were then instructed to orally recall as many words
as they could from the 40 words they had just seen in the last condition
(delayed recall test). There were no time limits on the recall phases. Each
participant completed the four conditions, the order of which being
counterbalanced across participants.

Prior to the study phase, all participants underwent a training phase
that included practice for the immediate and delayed tests. The exper-
iment did not begin until the experimenter had ensured that all partic-
ipants had understood the instructions. Finally, demographic
information concerning the participants' gender and date of birth was
collected orally by the experimenter at the end of the experiment.

2.2. Results and discussion

To ensure that participants complied with the instructions and paid
sufficient attention to the concurrent tasks, the experimenter checked
that they responded to all task trials. Participants who responded to
<90% of the concurrent task trials and those for whom immediate recall
performance differed from the average performance by more than 3SDs
were excluded. This resulted in the exclusion of the data of four
participants.

Bayesian analyses were conducted using JASP Version 0.16.3 (JASP
Team, 2022). In Bayesian hypothesis testing, the strength of evidence for
a specified model (M1) was quantified by comparing this model against
a null or reduced model (M0). The ratio of the likelihood of the two
models under comparison is the Bayes Factor (BF10). BF10 of each model
was obtained by comparing it to the null model. Strength of evidence is
evaluated using Kass and Raftery (1995) interpretation of Bayes Factors.

2.2.1. Performance on the mathematical verification task
Performance was very good for the two conditions in which partic-

ipants had to verify mathematical expressions. A Bayesian paired sample
t-test provided substantial evidence against a difference as a function of
whether the expressions were read aloud (83.9%, SD = 14.6) or silently

Table 1
Summary of predictions and main results for recall performance in the immediate and delayed tests in the four experiments.

Experiment 1 Experiment 2 Experiment 3 Experiment 4

Predictions
Immediate 

test

Delayed 

test

Immediate 

test

Delayed 

test

Immediate 

test

Delayed 

test

Immediate 

test

Delayed 

test

Correct recall
Rehearsal increases correct recall in the 

immediate test only
� � (�) � � (�)

Refreshing increases correct recall in the 

immediate and delayed tests
� � (�) � � (�) � � (�) � � (�)

Semantic errors
Rehearsal decreases semantic errors in the 

immediate test only
� � (�) � � (�)

Refreshing increases semantic errors in the

delayed test only
� � (�) � � (�) � � (�) � � (�)

Note.✓ indicates that there was substantial evidence for the prediction (i.e., a Bayes Factor> 3),� indicates that there was weak evidence for the
prediction (i.e., a Bayes Factor between 1 and 3), £ indicates that there was substantial evidence against the prediction (i.e., a Bayes Factor <
0.33), and � indicates that there was weak evidence against the prediction (i.e., a Bayes Factor between 1 and 0.33). Results on the con-
ditionalized delayed recall score (see the results section for more details on this score) are given in parentheses.
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(81.4%, SD = 15.9; BF10 = 0.22).

2.2.2. Recall performance in the immediate test

2.2.2.1. Correct recall. To test our hypotheses about the effects of
refreshing and rehearsal on correct recall in the immediate test
(Table 1), a default Bayesian repeated-measures ANOVA was conducted
on the percentage of correct recall with attentional demand of the
concurrent task (high vs low) and the presence or not of articulatory
suppression (read the mathematical expressions aloud vs. silently) as
within-subject factors. We reported the best model, the one with the
largest BF10, and then decomposed the effects included in that model
that were relevant to the hypotheses. Table 2 shows the percentage of
correct recall as a function of experimental conditions.

The additive model including the main effects of attentional demand
and articulatory suppression was the best (BF10 = 2.23 × 1023). As ex-
pected, there was decisive evidence that recall performance was better
when participants performed the low demanding (88.3%, SD = 8.58)
than the high demanding (80.6%, SD = 11.4) concurrent task and when
they performed the concurrent task silently (90.1%, SD = 8.44) rather
than aloud (78.8%, SD= 9.89). These results are consistent with those of
many studies showing that orthogonal manipulation of rehearsal and
refreshing yields additive effects. This suggests that both mechanisms

contribute to recall performance in short-term tests, but do so inde-
pendently (e.g., Camos, 2015; Camos et al., 2009, for reviews).

2.2.2.2. Recall errors. Incorrect responses were classified by two inde-
pendent and trained raters into four types: semantic, phonological, in-
trusions and other errors. Interrater agreement was 72.5% before
discussion among raters and full interrater agreement was achieved after
discussion. When the word recalled was the theme word for the trial, an
associate of that theme (i.e., not presented but listed on the original lists
fromwhich our four-items list was created; (Abadie and Camos, 2019) or
a word related in meaning to two or more items presented in the list, it
was classified as a semantic error.2 When the recalled word differed
from only one syllable or swapped two syllables from a studied item and
was not related in meaning with an item in the list, it was classified as a
phonological error. Errors were defined as intrusions when the recalled
word was studied in a previous list. Finally, the category “other errors”

Fig. 2. Illustration of experimental procedure.
Note. Experiments 1 and 2 were designed to investigate the effects of rehearsal and refreshing on correct and incorrect recall, while Experiments 3 and 4 focused
specifically on refreshing. In Experiment 1, depending on the attentional demand condition, participants' concurrent task was either to read and verify whether a
mathematical expression was correct, or to read it and press the space bar. This task was performed either aloud (articulatory suppression) or in silence. The
procedure in Experiment 2 was similar to that in Experiment 1, except that participants had to recall 40 words in the delayed recall task. In Experiment 3, depending
on the attentional demand condition, participants' concurrent task consisted of solving several simple addition and subtraction problems or simply pressing a key
each time a result appeared on the screen. The use of articulatory rehearsal was prevented in both conditions by having participants continuously utter the syllables
“ba-bi-boo” aloud during the retention interval. In Experiment 4, depending on the attentional demand condition, the pace of the concurrent task was either high,
with five operations to be processed in 5 s, or low, with only three operations. Articulatory rehearsal was blocked in both conditions by asking participants to perform
the concurrent task aloud.

2 The percentages of semantic errors by type (i.e., incorrect recall of the
theme word or incorrect recall of an associate of that theme) are reported in the
supplementary material in the OSF. In all experiments, the pattern of results
remained the same whether all semantic errors or only incorrect recall of the
theme word was considered. Therefore, the reported analyses were performed
on all semantic errors.
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included both repeated (correct or incorrect) responses and recalled
words that were neither related in meaning nor sound to those in the
memory list nor originated from another list. Table 2 shows the per-
centage of recall errors (among the four words to be remembered) by
error type as a function of experimental conditions.

A first Bayesian repeated-measures ANOVA3 compared the rate of
each type of incorrect responses (semantic, phonological, intrusions and
other errors). The analysis provided decisive evidence for different error
rates (BF10= 1.57× 1043). As expected, post-hoc comparisons indicated
that incorrect recall of semantic related words (9.3%, SD = 7.5) was
more frequent than phonological errors (1.5%, SD = 2,1; BF10 = 2.11 ×

1019), intrusions (2.7%, SD = 4.6; BF10 = 7.07 × 1012) and other errors
(2.1%, SD = 3.5; BF10 = 5.39 × 1018). This experiment thus replicated
the findings of Atkins and Reuter-Lorenz (2008), showing that semantic
intrusions were prevalent after a brief retention interval of a few sec-
onds, with only a few semantically related words to remember.

As the rate of each type of non-semantic error taken separately was
low, we aggregated them for the following analyses. A second Bayesian
repeated-measures ANOVA was conducted on the percentage of incor-
rect responses with attentional demand of the concurrent task, the
presence or not of articulatory suppression, and type of errors (semantic
vs. non semantic errors) as within-subject factors. Error type was

included in the analysis to test the hypothesis that manipulations of WM
maintenance mechanisms, particularly articulatory rehearsal, specif-
ically affect short-term semantic errors. To test this hypothesis, it is
important to show that our manipulations have less or no effect (or a
different effect) on other types of errors. The best model included the
main effects of attentional demand, articulatory suppression and error
type, and the interaction between articulatory suppression and error
type (BF10 = 2.47 × 1019). Note that the main effects of attentional
demand and articulatory suppression on recall errors were corollaries of
their effects on correct recall; performing a concurrent task that was
either highly attentionally demanding or performing it under articula-
tory suppression increased recall error rates. As indicated above, se-
mantic errors were more frequent than non-semantic errors.

To decompose the interaction between articulatory suppression and
error type, we conducted Bayesian paired samples t-tests separately for
each type of errors with articulatory suppression as within-subject fac-
tor. As expected, participants made decisively more semantic recall er-
rors when they performed the concurrent task aloud rather than silently
(BF10 = 8.39 × 106). By contrast, there was weak evidence for an effect
of articulatory suppression on the rate of non-semantic errors (BF10 =

1.91). These results are consistent with those of other experiments using
short-term recognition tests (Abadie & Camos, 2019; Atkins et al., 2011;
Macé & Caza, 2011). They suggest that articulatory rehearsal prevents
the occurrence of semantic recall errors in short-term memory tests
without affecting non-semantic errors. The increase in semantic errors
under articulatory suppression could also result from the prevalence of
refreshing during maintenance. However, the results showed that there
was no interaction between the concurrent attentional demand and
error type (BFincl = 0.18). As reported above, all error types, semantic
and non-semantic, decreased when participants had more opportunities
to refresh the words to be memorized.

2.2.3. Recall performance in the delayed test

2.2.3.1. Correct recall. To test our hypotheses on the effects of
refreshing and rehearsal on correct recall in the delayed test (Table 1),
the same Bayesian repeated-measures ANOVA as for the immediate test
was performed on correct recall in the delayed test. The null model was
the best, indicating that neither attentional demand of the concurrent
task nor articulatory suppression impacted recall performance in the
delayed test (Table 2).

To account for the fact that the words to be recalled in the delayed
test have already been tested in the immediate test, we computed a
delayed recall score conditional on immediate recall (CRcond). This score
corresponds to the number of words correctly recalled in the delayed test
that were also correctly recalled in the immediate test (DI) divided by
the number of words correctly recalled in the immediate test (I).4

CRcond =

∑n

i=1

(
∑k

j=1

DI i,j
I i,j

)

n
(1)

where i denotes each participant and j each trial.
We performed the Bayesian repeated-measures ANOVA on this score.

Interestingly, the additive model including the main effects of atten-
tional demand and articulatory suppression was the best (BF10 = 19.2),
but it was preferred to the model including only the main effect of
articulatory suppression by a BF10 of 0.78, which provided no substan-
tial evidence for the effect of attentional demand. Participants correctly
recalled more words when they performed the concurrent task aloud
(40%, SD = 10.1) rather than silently (33.9%, SD = 11.2). This result

Table 2
Mean percentage of correct recall and recall errors (semantic, phonological,
intrusion and other errors) as a function of attentional demand of the concurrent
task (high vs. low) and the presence or not of articulatory suppression (con-
current task performed aloud vs. silently) for the immediate and the delayed test
in Experiments 1 and 2.

Concurrent task

High demanding Low demanding

Experiment Recall accuracy Aloud Silently Aloud Silently

Exp. 1

Immediate test
Correct recall 74.2 (9.1) 87 (9.8) 83.5 (8.5) 93.2 (5.4)
Recall errors

Semantic 15.8 (7.1) 6.6 (6.4) 10.5 (7) 4.2 (3.4)
Phonological 1.3 (1.8) 2.0 (2.3) 1.7 (2.2) 0.8 (1.9)

Intrusion 5.1 (6.3) 3.1 (4.8) 1.6 (2.9) 1.0 (2)
Other 3.5 (5) 1.3 (2.1) 2.8 (3.3) 0.8 (1.8)

Delayed test
Correct recall 33.3 (10.3) 31.4 (14.4) 32.3 (11.8) 30.7 (13.5)

Cond. correct recall 42.5 (10.5) 35.5 (15.2) 37.7 (13.8) 32.3 (14)
Recall errors

Semantic 3.9 (2.9) 6.7 (5.2) 4.9 (4.3) 5.4 (4.1)
Phonological 0.4 (1.1) 0.3 (0.9) 0.6 (1.1) 0.3 (0.8)

Intrusion 2.2 (5.2) 1.2 (3.6) 1.7 (4.4) 0.8 (2.2)
Other 0.8 (1.3) 0.8 (1.7) 0.9 (2.4) 1.5 (3.5)

Exp. 2

Immediate test
Correct recall 75.6 (7.8) 87.4 (8.6) 81.3 (7.7) 91.9 (7.1)
Recall errors

Semantic 16 (6.6) 7.6 (5.2) 13.2 (7) 4.7 (4.9)
Phonological 1.2 (1.3) 1.2 (1.7) 1.5 (1.7) 0.7 (1.4)

Intrusion 4.0 (5.6) 1.9 (3.3) 1.8 (2.4) 1.3 (2.6)
Other 3.2 (3.4) 1.9 (4.7) 2.2 (4.2) 1.5 (2.3)

Delayed test
Correct recall 43.9 (11.1) 43.5 (14.4) 38.4 (14.4) 36.8 (11.8)

Cond. correct recall 55.3 (14.8) 48.3 (14.8) 44.6 (16.5) 39.4 (12.6)
Recall errors

Semantic 27.4 (8.4) 24.4 (11.1) 25.9 (10.9) 25.5 (10.4)
Phonological 1.9 (2.2) 1.8 (1.9) 3.0 (2.9) 3.2 (3.1)

Intrusion 6.2 (8.6) 8.3 (12.8) 9.1 (15.5) 8.3 (9.7)
Other 20.6 (11.6) 22 (14.6) 23.6 (14.5) 26.2 (10.4)

Note. Standard deviations are in brackets.

3 The data on recall errors and subjective judgments (see Exp. 3 and 4) were
also analyzed using Generalized Linear Mixed Models, which account for the
fact that some observations are not independent, such as the different types of
recall errors or subjective judgments. The results available on the OSF are
similar to those obtained with the Bayesian ANOVAs.

4 Note that all the words recalled correctly in the delayed test were also
recalled correctly in the immediate test. This was the case for all participants in
all experiments.
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shows that, compared to the words participants had recalled in the
immediate test, they forgot more in the delayed test when they had the
opportunity to rehearse them. This finding is consistent with studies
showing that rehearsal has no positive effect on long-term information
retention (e.g., Camos & Portrat, 2015).

2.2.3.2. Recall errors. The percentage of recall errors in the delayed test
(out of the forty words to be remembered) by type of errors as a function
of experimental condition is shown in Table 2. A first analysis provided
decisive evidence of differences in error rates according to type (BF10 =
8.87 × 1022). Post-hoc comparisons indicated that, as expected, incor-
rect recall of semantic related words (5.2%, SD = 4.3) was decisively
more frequent than phonological errors (0.4%, SD = 1.0; BF10 = 8.87 ×

1022), intrusions (1.5%, SD = 4.0; BF10 = 1.04 × 1011) and other errors
(1.0%, SD = 2.4; BF10 = 3.71 × 1016).

Next, as in the immediate test, we aggregated the non-semantic error
rates and performed the analysis with the three factors. The best model
included only the main effect of error type (BF10= 1.01× 104); semantic
errors being more frequent than non-semantic errors.

Among the incorrect responses in the delayed test, some had already
been generated in the immediate test while others appeared only in the
delayed test (“pure” errors of the delayed test). We tested the effect of
attentional demand and articulatory suppression on semantic and non-
semantic recall errors occurring only in the delayed test. We
computed a conditionalized delayed recall error score for semantic and
non-semantic errors (Econd). This score corresponds to the number of
semantic (or non-semantic) errors produced in the delayed test that were
not produced in the immediate test (DD) divided by the total number of
semantic (or non-semantic) errors produced in the delayed test (D).

Econd =

∑n

i=1

(
∑k

j=1

DD i,j
D i,j

)

n
(2)

where i denotes each participant and j each trial.
The percentage of conditionalized semantic and non-semantic recall

errors is shown in Fig. 3. The best model included only the main effect of
error type (BF10 = 157), but it was not substantially preferred to the
model also including the main effect of articulatory suppression (BF10 =
86.4) and the one with the interaction between attentional demand and

error type (BF10 = 64.9). Both error types were more frequent when the
concurrent task was performed silently (49.4%, SD = 27.9) rather aloud
(30.7%, SD = 20.7), which is probably a corollary of the effect of
articulatory suppression on delayed correct recall. To decompose the
interaction between attentional demand and error type, Bayesian paired
samples t-tests were conducted separately for each type of errors with
attentional demand as within-subject factor. There was weak evidence
that, among semantic errors, those generated only in the delayed test
were more frequent when participants performed the low (65.5%, SD =

25.4) than the high attentional demand concurrent task (55.8%, SD =

27.8; BF10 = 2.02). By contrast, there was strong evidence against an
effect of attentional demand on the non-semantic errors generated only
in the delayed test (BF10 = 0.07). Although the effect is small, due to the
low number of recall errors, this last result suggests that increasing
refreshing opportunities specifically promotes the emergence of se-
mantic false memories that appear only in the long term. This result is
consistent with those obtained previously in recognition tasks (e.g.,
Abadie & Camos, 2019).

2.2.4. Summary of Experiment 1 results
As predicted, the results of Experiment 1 showed that hindering the

use of rehearsal specifically increased the occurrence of semantic errors
in the immediate test. Consequently, using this mechanism could pre-
vent the occurrence of these errors in the short term. In contrast, con-
ditionalized delayed semantic errors decreased when the concurrent
task was more attentionally demanding than when it was less
demanding. This suggests that the more opportunities participants had
to refresh the to-be-remembered words, the more semantic errors
appeared in the delayed test. Furthermore, correct recall was higher
when both mechanisms were available without the two interacting with
each other. Unexpectedly, however, correct recall in the delayed test
was not impacted by the manipulation of attentional demand in the
concurrent task.

3. Experiment 2

The purpose of Experiment 2 was to replicate the findings of
Experiment 1 in the immediate recall test, namely the specific role of
rehearsal in preventing the incidence of short-term false memories. In
addition, the interesting results from Experiment 1 regarding the role of

Fig. 3. Percentage of conditionalized semantic and non-semantic errors as a function of attentional demand of the concurrent task (high vs. low) and the presence or
not of articulatory suppression (concurrent task performed aloud vs. silently) in Experiments 1 and 2.
Note. In each box plot, the black bar represents the median, the edges of the rectangle are the quartiles, and the ends of the whiskers are calculated using 1.5 times the
interquartile range (i.e., the distance between the first and third quartiles). The gray dot represents the mean. Black dots are individual data. ** represents substantial
differences between conditions (i.e. Bayes factor > 3). * represents weak differences between conditions (i.e., Bayes factor between 1 and 3) Only the differences
predicted in the hypotheses are shown in the figure.
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refreshing on long-term false memories merit further examination
because the effect was relatively small. In Experiment 1, participants
recalled only 16 words on average out of the 40 in the delayed test. This
contrasted with the very high recall performance in immediate test
(84.5% on average). It should be noted, however, that participants were
asked to recall all four words on each trial in the immediate test, whereas
they were free to recall as manywords as they wished in the delayed test.
Therefore, the effects observed in the delayed test, which were rather
weak, may be due to participants' low engagement in this test. One of the
most common methods used in the LTM literature to encourage partic-
ipants to take longer to search for information in memory is to force
them to recall all the words presented. Numerous studies have shown
that the use of a forced recall procedure favors the use of reconstruction
processes and the occurrence of recall errors (e.g., Payne et al., 1996;
Roediger & Payne, 1985; see Roediger et al., 1993, for a review). This
procedure therefore seemed relevant for assessing the effects of
manipulating WM maintenance mechanisms on recall errors in the
delayed test, distinguishing between their semantic and non-semantic
types. In Experiment 2 (and subsequent experiments), participants
were then instructed to recall 40 words in the delayed test.

3.1. Method

3.1.1. Participants
Forty Aix-Marseille University students (Mage = 20.5 years, SDage =

3.18, range = 18–33 years old; 37 females, 3 males) took part in
Experiment 2. They received course credits in return for their partici-
pation. All participants were healthy, presented no learning disabilities
and were native French speakers. None of them participated to Experi-
ment 1.

3.1.2. Materials and procedure
The same procedure as in Experiment 1 was used (Fig. 2), except that

the participants were instructed to recall 40 words in each condition
during delayed recall test.

3.2. Results and discussion

As in Experiment 1, the experimenter checked that participants
complied with the instructions and paid sufficient attention to the
concurrent tasks. Data from four participants were excluded, because
their recall performance differed from the average performance by more
than 3SDs.

3.2.1. Performance on the mathematical verification task
Performance on the concurrent tasks was good. There was no dif-

ference between the conditions in which participants had to verify the
mathematical expression aloud (85.8%, SD= 16.5) or in silence (85.0%,
SD = 15.2; BF10 = 0.19).

3.2.2. Recall performance in the immediate test

3.2.2.1. Correct recall. The same Bayesian repeated-measures ANOVA
as in Experiment 1 was performed on correct recall. As in Experiment 1,
the additive model including the main effect of attentional demand and
of articulatory suppression was the best (BF10 = 3.15 × 1017). As ex-
pected, there was decisive evidence that immediate recall performance
was better when participants performed the low demanding (86.6%, SD
= 9.1) than the high demanding (81.5%, SD= 10.1) concurrent task and
when they performed the concurrent task silently (89.6%, SD = 8.2)
rather than aloud (78.5%, SD = 8.1). Thus, once again, our manipula-
tions designed to affect either refreshing opportunities or rehearsal did
reduce immediate recall performance, without interacting with each
other.

3.2.2.2. Recall errors. As in Experiment 1, incorrect responses were
classified by the same two independent and trained raters into semantic,
phonological, intrusions and other errors. Interrater agreement was
76.3% before discussion among raters and full interrater agreement was
achieved after discussion. A first Bayesian analysis conducted to
compare the rates of the different types of errors provided decisive ev-
idence that they did differ from each other (BF10 = 1.41 × 1060). As
expected, semantic recall errors (10.4%, SD = 7.4) were more frequent
than phonological (1.1%, SD = 1.6; BF10 = 1.61 × 1027), intrusions
(2.3%, SD = 3.8; BF10 = 6.52 × 1018) and other errors (2.2%, SD = 3.8;
BF10 = 5.64 × 1020).

Then, as in Experiment 1, the non-semantic error rates were aggre-
gated, and a Bayesian repeated-measures analysis was conducted with
attentional demand, articulatory suppression, and error type as within
subject factors. The best model included the main effects of the three
factors as well as the interaction between articulatory suppression and
error type (BF10 = 3.75 × 1022). The decomposition of the interaction
between articulatory suppression and error type showed that, as ex-
pected, participants made decisively more semantic recall errors when
they performed the concurrent task under articulatory suppression than
when the task was performed silently (BF10 = 2.05 × 107). By contrast,
there was weak evidence for an effect of articulatory suppression on the
rate of non-semantic errors (BF10 = 1.14). These results, which repli-
cated those of Experiment 1, demonstrated the specific impact of the
rehearsal manipulation on semantic errors in immediate recall tests.

3.2.3. Recall performance in the delayed test
All participants complied with the instruction to recall 40 words in

each condition.

3.2.3.1. Correct recall. As expected, compared to Experiment 1, forcing
participants to recall more memory words led them to better recall
performance (31.9%, SD = 12.5; 40.6%, SD = 8.8, in Exp. 1 and 2
respectively). The analysis revealed that the model including the main
effect of attentional demand only was the best (BF10 = 25.2). Unex-
pectedly, recall performance was better in the high (43.7%, SD = 12.7)
than in the low attention demanding condition (37.6%, SD = 13.1).

Next, the same analysis was conducted on the delayed recall score
conditionalized on immediate recall (CRcond). The additive model
including the main effects of attentional demand and articulatory sup-
pression was the best (BF10 = 7.3 × 103). As with the delayed recall
score, more words were correctly recalled in the delayed test in the high
(51.8%, SD = 14.8) than in the low attention demanding condition
(42%, SD= 14.5). In addition, as in Experiment 1, conditionalized recall
performance was better when participants performed the concurrent
task aloud (50%, SD = 15.6) rather than silently (43.8%, SD = 13.7).
These results suggested that neither rehearsal nor refreshing is beneficial
to correct recall in the delayed test.

3.2.3.2. Recall errors. As expected, the percentage of the different types
of errors increased compared to Experiment 1 as a result of the use of the
forced recall procedure. The best model included only the main effect of
error type (BF10 = 2.08 × 1076). Post-hoc comparisons indicated that
semantic recall errors (25.8%, SD = 10.2) were more frequent than
phonological errors (2.5%, SD= 2.7; BF10= 2.87× 1053) and intrusions
(8%, SD = 11.9; BF10 = 1.29 × 1018), but not more frequent than other
errors (23.1%, SD = 13.7; BF10 = 0.31). Other errors were also more
frequent than phonological errors (BF10 = 7.7 × 1034) and intrusions
(BF10 = 1.06 × 1015) and the latter were more frequent than phono-
logical errors (BF10 = 2 × 104). The increase in other errors with this
forced recall procedure is simply explained by the fact that participants
produced random words when they ran out of words to recall.

Next, as in Experiment 1, we tested the effect of attentional demand
and articulatory suppression on semantic and non-semantic (i.e.,
phonological, intrusion and other error rates being aggregated) recall
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errors occurring only in the delayed test (Econd, Fig. 3). Note that the fact
that the rate of non-semantic errors is particularly high here simply
means that the majority of these errors were produced only in the
delayed test as a result of the forced recall procedure, as explained
above. The best model included the main effect of the three factors as
well as the interaction between articulatory suppression and error type
(BF10 = 1.14 × 1032), but it was not substantially preferred to the model
also including the interaction between attentional demand and error
type (BF10 = 1.12 × 1032). Follow-up Bayesian repeated-measures
ANOVA were conducted separately for each type of errors with atten-
tional demand and articulatory suppression as within subject factors to
decompose the interactions. Concerning semantic errors, the additive
model including main effects of attentional demand and articulatory
suppression was the best (BF10 = 5.23 × 107). As predicted, semantic
errors generated only in the delayed test were more frequent in the low
(79.3%, SD = 16.1) than in the high attentional demand condition
(73.9%, SD = 11.9). Moreover, as in Experiment 1, semantic errors
generated only in the delayed test were more frequent when the con-
current task was performed silently (85.5%, SD = 11.8) rather than
aloud (67.7%, SD = 14.1). Finally, regarding non-semantic errors, the
best model included only the main effect of articulatory suppression
(BF10 = 5.31). Again, these errors more frequent when the concurrent
task was performed silently (97%, SD = 4.3) rather than aloud (93.5%,
SD = 7.1). As in Experiment 1, and even more so here since participants
were required to recall the 40 words, this latter result was simply the
corollary of the fact that delayed correct recall was lower in the condi-
tions without concurrent articulation. The effect of the attentional de-
mandmanipulation on semantic errors in the delayed test is of particular
interest. Although still relatively small, as in Experiment 1, it points in
the same direction. This effect suggests that refreshing might specifically
promote the occurrence of semantic errors in the long term.

3.2.4. Summary of Experiment 2 results
The findings of Experiment 2 replicated those of Experiment 1. First,

correct recall was increased, and semantic errors decreased in the im-
mediate test when participants could use rehearsal. Although reducing
refreshing opportunities reduced immediate correct recall, it had no
specific effect on immediate semantic errors. Delayed recall errors were
more frequent than in Experiment 1 due to forced recall instructions.
However, as in Experiment 1, conditionalized semantic errors were
more frequent with enhanced opportunities for refreshing. Nevertheless,
the effect was still quite small. Finally, conditionalized delayed correct
recall was higher when opportunities for refreshing or rehearsal were
reduced. This latter result questions the role of these two mechanisms in
long-term correct recall.

4. Experiment 3

Experiment 3 was then designed to specifically investigate the role of
refreshing on the occurrence of false memories. The use of rehearsal was
systematically prevented by having participants continuously utter the
syllables “ba-bi-boo” aloud during the retention interval. In addition,
rather than asking participants to verify or read a single mathematical
expression during the retention interval, we implemented a continuous
operation task (e.g., Barrouillet et al., 2004) in which participants were
either asked to give the results of several simple additions and sub-
tractions or to simply press a key each time a result appeared on screen
(simple reaction time, SRT, task). These tasks allow for a stronger
manipulation of the concurrent attentional demand, i.e., the opportu-
nities for refreshing.

In line with what has been shown in the LTM literature, the forced
delayed recall procedure introduced in Experiment 2 increased both
correct recall of the studied items and recall errors compared to
Experiment 1 in which delayed recall was free. However, one criticism
of this procedure is that it encourages the emergence of different types of
responses (e.g., Roediger et al., 1993). For example, some of the recalled

words may have been recalled with a high level of confidence that they
were presented during the study phase, while other words may have
been recalled with a medium level of confidence and a fuzzier memory
of their previous presentation, and still others may have been randomly
given. Therefore, it seems important to be able to distinguish between
these different types of responses. In Experiment 3, we asked partici-
pants to assign a confidence level to each of their responses.

We expected correct responses to be more often associated with high
confidence levels in both recall tests. While non-semantic errors should
be predominantly associated with low confidence levels, semantic errors
should be associated with higher confidence levels than non-semantic
errors, but lower than correct responses. Some studies using the
classic DRM paradigm have shown that for over 85% of false memories
of critical lures, participants reported some confidence that they were in
the studied list (e.g., Payne et al., 1996). This phenomenon has been
termed phantom recollection (e.g., Brainerd et al., 2001; Lampinen
et al., 1998, 2008). When there is a high number of gist-based false
memories, a subset of those memories may be accompanied by vivid
false recollective experiences. Several studies have also reported the
occurrence of short-term false memories accompanied by phantom
recollection (46%, Abadie & Rousselle, 2023) or “remember” responses
(around 30%, Flegal et al., 2010; Flegal& Reuter-Lorenz, 2014). We also
examined the effect of manipulating refreshing opportunities on the
subjective experience reported by participants. If, as in Abadie and
Camos' (2019) study, the use of refreshing strengthens the retrieval of
gist memories in the delayed test, then semantic errors should be asso-
ciated with higher confidence in the delayed test when the concurrent
task is low rather than high demanding. These false memories should
also be more often accompanied by moderate confidence when there
were more opportunities for refreshing because, on our confidence scale
(see method below), moderate confidence also reflects retrieval of the
general meaning (or gist) of one or more studied words.

4.1. Method

4.1.1. Participants
Forty-one Aix-Marseille University students (Mage = 21.9 years,

SDage = 4.35, range = 18–30 years old; 31 females, 10 males) took part
voluntarily in Experiment 3. All participants were healthy, presented no
learning disabilities and were native French speakers. None of them
participated in previous experiments.

4.1.2. Materials

4.1.2.1. Word lists. To ensure that the effects obtained in the first two
experiments were not contingent on the word lists used, 20 semantically
related lists were selected anew from the verbal association norms for
concrete French nouns (Bonin et al., 2013) using the same criteria as in
previous experiments. These 20 lists were separated into two groups of
10 four-word lists that were equated in mean BAS (M = 0.22 for each
group of lists). Each group was assigned in a counterbalanced manner to
the two experimental conditions. The order of presentation of the lists
was randomized.

4.1.2.2. Concurrent task. We created 38 simple mathematical expres-
sions that were all different. Twenty of them were used in the experi-
mental conditions, 10 per condition, the others were used during the
training phase. Each expression consisted of a starting root digit fol-
lowed by two consecutive operations that could be either additions or
subtractions (e.g., “7 -2+1”. In this example “7” is the root digit, “-2” the
first operation, “+1” the second operation). Only four types of simple
operations were used: “-2”, “-1”, “+1” and “+2”, and the results from
these operations were integers ranging from 1 to 9. The root digit, op-
erations and results were each presented sequentially in the center of the
screen. To help participants distinguish each part of the mathematical
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expression, the root digit was presented in green, the operations in
black, and the results in red.

4.1.2.3. Subjective experience. During the recall phases, participants
were asked to give a confidence judgment for each recalled word on a 3-
point scale ranging from 1, “I'm giving a random answer”, to 3, “I'm
absolutely sure that the word I just recalled was one of the studied
words”. Response 2 was to be given when participants were moderately
confident and didn't knowwhether the recalled word was a studied word
or a word semantically related to a studied word. There was no time
limit for these qualitative judgments.

4.1.3. Procedure
Experiment 3 was performed online due to the COVID 19 epidemic

and was then programmed using the online experimental platform
Labvanced (Finger et al., 2017). It was launched remotely on the par-
ticipant's personal computer. Simultaneously, participants were assisted
by the experimenter using a video conferencing tool. Their progress was
monitored live, and they were in constant communication with the
experimenter throughout the study, making the testing conditions very
similar to those in Experiments 1 and 2, in which the experimenter was
in the room with the participants.

The procedure was similar to that of the previous experiments
(Fig. 2). At the beginning of each trial, four-word associates of a given
list appeared simultaneously on the screen for 1750 ms. The participants
were asked to read the words out loud. Then, during the retention in-
terval, participants were instructed to complete the concurrent task.
They first heard a 250 ms beep sound indicating that they should begin
to repeat the syllables “ba-bi-boo” continuously. This concurrent artic-
ulation, which was intended to impede the use of articulatory rehearsal
in both experimental conditions, was continuous and lasted for the full
duration of the concurrent task, i.e., 4000 ms. The mathematical task
varied depending on the experimental condition. In the high attentional
demand condition, the root digit appeared on the screen for 1000 ms,
followed by the operations, which remained each on the screen for 1500
ms during which participants had to press the number corresponding to
the result of the operation on their keyboard. In contrast, in the low
attentional demand condition, each operation was presented for 750 ms
on the screen, followed by its result, which also remained on the screen
for 750 ms, during which participants were asked to press “0” on their
keyboard. Then, participants were prompted to recall the four words
(immediate recall). A confidence judgment was to be associated with
each recalled word. Recall responses and confidence judgments were
given orally to the experimenter. There were ten trials per condition.

At the end of each condition, participants were asked to count
backwards by twos from a randomly chosen number between 100 and
1000 for 1 min. They were then instructed to orally recall the 40 words
they had just seen in the condition preceding the countdown (delayed
recall) and to associate a confidence judgment with each recalled word.
There were no time limits on the recall phases. Each participant
completed both conditions, the order of which being counterbalanced
across participants.

All participants underwent a training phase prior to the experiment.
During this phase, the experimenter not only ensured that participants
understood the instructions, as in previous experiments, but also that
they mastered the use of the confidence judgments, so that they did not
interfere with word recall. Finally, demographic information was
collected at the end of the experiment. Information regarding partici-
pants' gender was collected using a drop-down menu with three options
(i.e., female, male and other), and date of birth using an input box for
participants to enter.

4.2. Results and discussion

One participant did not follow instructions correctly and five other

participants failed to respond (i.e., omissions) to the concurrent task in
>10% of trials and were therefore not included in the analyses.

4.2.1. Performance on concurrent tasks
Performance on the concurrent tasks was very good and participants

were better on the low demanding task (96.8%, SD = 6.26) than on the
high demanding task (86.9%, SD = 11.1; BF10 = 329). As expected, they
also responded faster to the low- (394 ms, SD = 52) than to the high-
demanding task (1042 ms, SD = 74.6; BF10 = 2.77 × 1027).

4.2.2. Recall performance in the immediate test

4.2.2.1. Correct recall. The percentage of correct and incorrect re-
sponses associated with each level of confidence is presented in Table 3.
To test our hypotheses regarding the effect of refreshing on correct recall
as a function of confidence level associated to the response in the im-
mediate test, we performed a Bayesian repeated-measures ANOVA with
attentional demand and confidence level as within-subject factors on
correct recall. The full model including the main effects of both factors
as well as their interaction was the best (BF10 = 1.15 × 1060). As in
previous experiments, recall performance was better when participants
performed the low than the high demanding task, which suggests that
correct recall was boosted when there were more opportunities for
refreshing in the immediate test. As predicted, post-hoc comparisons
showed that correct responses were more often associated with high
confidence than with medium (BF10 = 8.06 × 104) or low (BF10 = 1.80
× 1062) confidence. Responses associated with medium confidence were
also more frequent than random responses (BF10 = 8.09 × 103). To
decompose the interaction between attentional demand and confidence
level, paired Bayesian t-tests were conducted with attentional demand as
a within-subject factor for each confidence level separately. The ana-
lyses provided substantial evidence of the effect of attentional demand
only for responses associated with a high level of confidence (BF10 =

3.32).

4.2.2.2. Recall errors. As in previous experiments, incorrect responses
were classified by independent and trained raters into semantic,
phonological, intrusions and other errors. Interrater agreement was 96%
and full interrater agreement was achieved after discussion. A first
Bayesian repeated-measures analysis was conducted with attentional
demand and confidence level as within-subject factors on semantic er-
rors. Although the model including only the main effect of confidence
level was the best (BF10= 3.38× 1010), it was preferred only by a BF10 of
1.98 to the additive model, indicating that both confidence level and
attentional demand could have an effect. Semantic errors appeared to be
slightly more frequent in the high- than the low-demanding condition,
but the analysis of effects provided insensitive evidence for the main
effect of attentional demand (BFincl. = 0.56). Post-hoc comparisons
showed that semantic errors were more often associated with low con-
fidence than with high (BF10 = 2.95 × 107) or medium (BF10 = 628)
confidence. Semantic errors associated with medium confidence were
also more frequent than those associated with high confidence (BF10 =
6.56).

For the (aggregated) non-semantic errors, the best model included
only the main effect of confidence level (BF10 = 1.22 × 104). Post-hoc
comparisons indicated that non-semantic errors were more often asso-
ciated with low confidence than with medium (BF10 = 50.2) or high
(0.85%, SD = 1.55; BF10 = 616) confidence.

4.2.3. Recall performance in the delayed test

4.2.3.1. Correct recall. As with immediate recall, a first analysis was
performed on correct recall with attentional demand and confidence
level as within-subject factors. The best model included the main effect
of confidence only (BF10 = 4.81 × 1083). Post-hoc comparisons showed
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that correct responses with high confidence were more frequent than
correct responses with medium (BF10 = 2.55 × 1028) and low (BF10 =

1.82 × 1035) confidence. Correct responses with medium confidence
were also more frequent than those with low confidence (BF10 = 1.14 ×

106). As in previous experiments, the analysis provided substantial ev-
idence against an effect of concurrent attentional demand on correct
delayed recall (BF10 = 0.30).

As in the two first experiments, a second analysis was conducted with
attentional demand as a within-subject factor on the delayed recall score
conditionalized on immediate recall (CRcond). Again, the analysis pro-
vided weak evidence against the effect of concurrent attentional demand
(BF10 = 0.49). Participants correctly recalled over 50% of the words to
be remembered, which is slightly higher than in the two first experi-
ments, but there was still no evidence of a beneficial effect of refreshing
on long-term retention.

4.2.3.2. Recall errors. To test our hypotheses regarding the effect of
refreshing on semantic errors as a function of confidence level in the
delayed test, a Bayesian repeated-measures analysis with attentional
demand and confidence level as within-subject factors was performed on
delayed semantic errors. The analysis indicated that the best model
included only the main effect of confidence level (BF10 = 1.93× 1014).
Post-hoc comparisons indicated that semantic errors were more often
associated with low confidence judgments than with medium (BF10 =

413) or high confidence judgments (BF10= 3.09× 109). Semantic errors
associated with medium confidence were also more frequent than se-
mantic errors associated with high confidence (BF10 = 8494).

For non-semantic errors, the model including only the main effect of
confidence was also the best (BF10= 6.95× 1042). Post-hoc comparisons
showed that non-semantic errors associated with low confidence were
more frequent than non-semantic errors with medium confidence (BF10
= 4.91 × 1016) or high confidence (BF10 = 1.04 × 1018). Non-semantic
errors associated with medium confidence were also more frequent than
non-semantic errors with high confidence (BF10 = 8.17).

Next, as in previous experiments, we tested the effect of attentional
demand on semantic and non-semantic recall errors occurring only in
the delayed test (Econd). We could not consider the confidence level in
these analyses, as it could vary between the immediate and delayed tests
for the same semantic error. For semantic errors (Fig. 4), a Bayesian
paired samples t-test provided weak evidence that they were more
frequent in the low than in the high demanding condition (BF10 = 1.22).
In contrast, the analysis provided substantial evidence against the effect
of attentional demand on non-semantic errors generated only in the
delayed test (BF10 = 0.11).

4.2.4. Summary of Experiment 3 results
As expected, in the immediate test, correct responses were more

often associated with high confidence. They were more numerous when
the attentional demand of the concurrent task was low, i.e., when par-
ticipants had more opportunities to refresh the memory words. Correct
recall performance in the delayed test was also more often associated
with a high level of confidence. However, as in previous experiments,
attentional demand had no effect on delayed correct recall. As expected,
there was no effect of attentional demand on semantic errors in the
immediate test. However, these errors were indistinguishable from non-
semantic errors in terms of the level of confidence associated with them.
Semantic errors appearing only in the delayed test were more frequent
in the low attentional demand condition (although the effect was small).
Finally, semantic errors made in the delayed test were associated with
higher confidence levels than non-semantic errors. Forty percent of the
semantic errors were associated with moderate and high confidence
levels, whereas only 16.6% of the non-semantic errors were associated
with these confidence levels.

5. Experiment 4

The first goal of Experiment 4 was to implement an even stronger
manipulation of the attentional demand of the concurrent task by
varying the pace of digits (either slow or fast) during the retention in-
terval to ensure that its effects on long-term recall were not related to an
insufficiency strong manipulation. It has been extensively shown that
increasing the pace of presentation of distractors in a WM task has a
detrimental effect on recall performance, because it induces a strong
capture of the attention needed for memory maintenance (e.g., Bar-
rouillet et al., 2007; see Barrouillet & Camos, 2015, for a review).

Our second goal was to improve the rating scale for participants'
subjective experience. In Experiment 3, we used confidence judgments.
Semantic errors were associated with higher confidence than non-
semantic errors, but only in the delayed test, and there was no interac-
tion between confidence level and attentional demand of the concurrent
task in the delayed test. However, it is possible that asking for the
confidence level associated with each response did not really capture the
retrieval of gist representations. Tulving (1985) has shown that partic-
ipants are able to consciously distinguish between memories for which
they can recollect vivid details of the event (“remember”) and those for
which they have a fuzzier memory (“know”). The famous remember/
know paradigm he developed has since been used in hundreds of studies
to dissociate these two types of memories in recall and recognition tasks
(see Yonelinas, 2002, for a review). In Experiment 4, we adapted this

Table 3
Mean percentage of responses associated with a confidence judgment on the 3-point scale for correct recall and recall errors (semantic vs. non semantic errors) as a
function of concurrent task attentional demand (high vs. low) for immediate and delayed tests in Experiment 3.

High demanding concurrent task Low demanding concurrent task

Recall accuracy Judgment 1-guess Judgment 2-medium Judgment 3-sure Judgment 1-guess Judgment 2-medium Judgment 3-sure

Immediate test
Correct recall 2.0 (3) 5.4 (4.9) 79.8 (8.8) 1.1 (1.9) 5.6 (5) 83.1 (8)
Recall errors

Semantic 5 (4.5) 1.7 (2.7) 0.8 (2) 3.5 (2.9) 1.8 (2.6) 0.4 (1.1)
Phonological 0.3 (0.8) 0.4 (1) 0.6 (1.2) 0.1 (0.6) 0.4 (0.9) 0.2 (0.7)

Intrusion 0.9 (1.5) 0.5 (1) 0.6 (1.5) 0.9 (1.6) 0.8 (1.5) 0.4 (1.1)
Other 1.9 (4) 0.3 (1) 0.07 (0.4) 1.6 (3) 0.07 (0.4) 0.0 (0)

Delayed test
Correct recall 2.3 (2.9) 7.1 (5.2) 44.6 (12.1) 1.4 (1.9) 6.9 (7.6) 43.2 (12.4)

Cond. correct recall 60.1 (15) 55.8 (14.3)
Recall errors

Semantic 8.8 (6.1) 3.9 (3.3) 1.4 (1.5) 6.8 (5.5) 3.9 (4.1) 1.3 (2)
Phonological 0.1 (0.6) 0.3 (0.8) 0.6 (1.2) 0.0 (0) 0.3 (0.8) 0.1 (0.6)

Intrusion 1.2 (2.9) 0.6 (1.5) 0.8 (2.3) 3.0 (6.5) 1.0 (2.2) 1.5 (3.6)
Other 22.6 (13.9) 2.1 (4.5) 0.1 (0.6) 24.2 (13.7) 2.3 (3.3) 0.5 (1.8)

Note. Standard deviations are in brackets. Judgment 1 is indicative of a mere guess, judgment 2 represents a response with medium confidence, and judgment 3 a
response with high confidence.
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paradigm to our task, based on the distinction between verbatim and gist
representations proposed by the FTT (Reyna & Brainerd, 1995). Par-
ticipants were asked to indicate for each recalled word whether they
thought it was a word from the study list for which they could retrieve
some details of its presentation (a “studied” response, presumably based
on verbatim memory retrieval), whether they had a vague memory of its
presentation and did not know whether this word or another semanti-
cally related word had been presented (a “studied or related” response,
presumably based on gist memory retrieval) or whether they had given
this word at random (a “guess” response). With this new procedure, we
expected that semantic errors would be associated with “studied or
related” and “studied” responses more often than other error types in
both tests. In addition, the effect of the attentional demand manipula-
tion would have more chances to appear on these semantic errors in the
delayed test.

5.1. Method

5.1.1. Participants
Forty-nine young adults (Mage = 19.6 years, SDage = 0.85, range =

18–22 years old, 38 females, 10 males and 1 other gendered person)
took part in Experiment 4. All participants were native-French-speaker
students at Aix-Marseille University. They were all healthy, had no
learning disabilities and had not participated in previous experiments.

5.1.2. Materials

5.1.2.1. Word lists. From the set used in Experiment 3, we selected 12
semantically related lists that resulted in the higher rate of semantic
errors. These lists were separated into two groups of 6 four-word lists
that were equated in mean BAS (M = 0.22 for each group of lists). As in
Experiment 3, each group was assigned in a counterbalanced manner to
the two experimental conditions. The order of presentation of the lists
was randomized.

5.1.2.2. Concurrent task. Twenty-two new mathematical expressions
were created in the same manner as in Experiment 3. Twelve were used
in the experiment and 10 in the training phase. Each expression started
with a root digit followed by 3 consecutive operations in the low
attentional demand condition and 5 operations in the high attentional
demand condition. Contrary to Experiment 3, the results of the opera-
tions were never displayed. To help participants distinguish between
each part of the mathematical expression, the root digit was framed by a
black square and the operations were each presented in a different color.

5.1.2.3. Subjective experience. For each recalled word, participants were
asked to indicate whether they thought it was one of the studied words
(i.e., a “studied” response), whether they were familiar with the gist or

Fig. 4. Percentage of conditionalized semantic and non-semantic errors as a function of attentional demand of the concurrent task (high vs. low) in Experiments 3
and 4.
Note. In each box plot, the black bar represents the median, the edges of the rectangle are the quartiles, and the ends of the whiskers are calculated using 1.5 times the
interquartile range (i.e., the distance between the first and third quartiles). The gray dot represents the mean. Black dots are individual data. ** represents substantial
differences between conditions (i.e. Bayes factor > 3). * represents weak differences between conditions (i.e., Bayes factor between 1 and 3) Only the differences
predicted in the hypotheses are shown in the fig.
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the meaning of the recalled word but were unsure whether it was a
studied word or a word semantically related to one of the studied words
(i.e., a “studied or related” response) or whether they had recalled a
word at random (i.e., a “guess” response). This scale, inspired by the
study of Brainerd et al. (2010), should make it possible to grasp the level
of precision of the memory.

5.1.3. 5.1.3. Procedure
Like Experiment 3, this experiment was programmed using the

Labvanced online experimental platform (Finger et al., 2007) and con-
ducted online due to the COVID 19 epidemic. The procedure was similar
to that of Experiment 3, except there were only six trials per condition
and the pace of the concurrent task was varied rather than the nature of
the task (Fig. 2). The root digit was presented for 500 ms. In the high
demanding condition, the five operations were displayed sequentially
for 900 ms each. First, participants had to calculate the result of the root
digit (“2”, for instance) and operation 1 (e.g., “-1”), then of the first
result (e.g., “1”) and operation 2 (e.g., “+2”), then of the second result
(e.g., “3”) and operation 3 (e.g., +1), etc. The same procedure was used
in the low demanding condition, except that only 3 operations were
displayed sequentially for 1500 ms each. Articulatory rehearsal was
blocked in both conditions with participants being prompted to read the
root digit and give the results out loud.

5.2. Results and discussion

Data from three participants were excluded because their recall
performance differed from the average performance by more than 3SDs.

5.2.1. Performance on concurrent tasks
Performance on the concurrent tasks was very good. As in Experi-

ment 3, participants performed better on the low demanding task
(94.6%, SD= 9.17) than on the high demanding task (81.3%, SD= 14.9;
BF10 = 1.84 × 105).

5.2.2. Recall performance in the immediate test

5.2.2.1. Correct recall. As in Experiment 3, a first analysis was per-
formed on correct recall with attentional demand and judgment type as
within-subject factors. The best model included the main effect of
judgment type only (BF10 = 3.61 × 1045) but was not substantially
preferred to the second-best model that also included the main effect of
attentional demand (BF10 = 2.5 × 1045). As expected, recall perfor-
mance was better when participants performed the low than the high
demanding task (Table 4). Post-hoc comparisons indicated that, as

predicted, correct recall was more often accompanied by a “studied”
judgment than by a “studied or related” (BF10 = 3.82 × 1034) or a
“guess” judgment (BF10 = 3.86 × 1052). “Studied or related” judgments
were also more frequent than “guess” judgments (BF10 = 8.13 × 1015).

5.2.2.2. Recall errors. As in the previous experiments, incorrect re-
sponses were classified by independent and trained raters into semantic,
phonological, intrusions and other errors (Table 4). Interrater agree-
ment was 97.5% and full interrater agreement was achieved after dis-
cussion. The Bayesian analysis with attentional demand and subjective
experience on semantic errors showed that, although the best model
included only the main effect of judgment type (BF10 = 8.68 × 1011), it
was not substantially preferred to the additive model, which was the
second best (BF10= 4.88× 1011). Semantic errors were more frequent in
the high (vs. low) demand condition, but paired t-tests indicated that the
effect of attentional demand was weak and present only for semantic
errors accompanied by “studied or related” judgment (BF10 = 2.21).
Semantic errors were more often accompanied by “studied or related” or
“guess” judgments than by “studied” judgments (BF10 = 1.81 × 1011;
BF10 = 2.41 × 108, respectively). There was substantial evidence that
the rates of the first two judgments did not differ (BF10 = 0.16).

Finally, regarding non-semantic errors, the model including only the
main effect of judgment type was the best (BF10 = 2.6 × 106). As ex-
pected, non-semantic errors were more often associated with “guess”
judgments than “studied or related” (BF10 = 95.9) or “studied” judg-
ments (BF10 = 4244). “Studied or related” judgments were also more
frequently associated with non-semantic errors than “studied” judg-
ments (BF10 = 3.33).

5.2.3. Recall performance in the delayed test

5.2.3.1. Correct recall. For correct recall, the analysis showed that,
although the best model included only the main effect of judgment type
(BF10= 3.1× 1092), it was not substantially preferred to the second-best
model that also included the main effect of attentional demand and the
interaction between both factors (BF10 = 1.34 × 1092). As shown in
Table 4, correct recall was better in the low attentional demand condi-
tion. Post-hoc comparisons indicated that correct recall was more often
accompanied by “studied” (42.2%, SD = 14.4) than “studied or related”
(8.08%, SD = 7.61; BF10 = 1.12 × 1030) and “guess” judgments (1.79%,
SD = 2.74; BF10 = 2.16 × 1041). There was also decisive evidence that
“studied or related” judgments were more frequent than “guess” judg-
ments (BF10 = 2.56 × 108). Follow-up paired t-tests provided weak ev-
idence that, when correct recall was associated with “studied”
judgments, recall performance was better in the low attentional demand

Table 4
Mean percentage of responses associated with a “guess”, “studied or related”, or “studied” judgment for correct recall and recall errors (semantic vs. non-semantic
errors) as a function of concurrent task attentional demand (high vs. low) for immediate and delayed tests in Experiment 4.

High demanding concurrent task Low demanding concurrent task

Recall accuracy “Guess” judgment “Studied or related” judgment “Studied” judgment “Guess” judgment “Studied or related” judgment “Studied” judgment

Immediate test
Correct recall 2.4 (3.4) 13.8 (9) 57.8 (14.2) 2.6 (4) 14.6 (9.5) 61.3 (12.6)
Recall errors

Semantic 9.4 (9.8) 8.8 (7.6) 1.4 (2.9) 8.1 (7.8) 6.4 (5.7) 1.0 (2)
Phonological 0.09 (0.6) 0.5 (1.4) 0.4 (1.2) 0.09 (0.6) 0.5 (1.7) 0.3 (1)

Intrusion 0.4 (1.2) 0.5 (1.4) 0.2 (0.9) 0.9 (2.9) 0.6 (1.7) 0.2 (0.9)
Other 4.3 (7.2) 0.09 (0.6) 0.0 (0) 2.8 (5.6) 0.3 (1.4) 0.2 (0.9)

Delayed test
Correct recall 1.9 (2.9) 8.7 (7.8) 40.5 (13.3) 1.4 (2.5) 7.7 (7.7) 46 (14.5)

Cond. correct recall 68.4 (16.7) 68.2 (16.3)
Recall errors

Semantic 8.5 (8.3) 8.3 (7) 3.6 (3.5) 6.8 (7.5) 7.2 (6.3) 2.8 (4)
Phonological 0.09 (0.6) 0.09 (0.6) 0.4 (1.2) 0.0 (0) 0.3 (1) 0.5 (1.3)

Intrusion 2.4 (6.5) 2.0 (4.5) 4.1 (7.3) 2.8 (7.1) 1.4 (3.5) 3.6 (6.1)
Other 13.2 (13.7) 1.8 (4.5) 0.09 (0.6) 14.9 (14.5) 1.1 (2.2) 0.09 (0.6)

Note. Standard deviations are in brackets.
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(46%, SD= 14.5) than in the high attentional demand condition (40.5%,
SD= 13.3; BF10= 2.05), whereas there was substantial evidence against
an effect of attentional demand when correct recall was associated with
“studied or related” and “guessing” judgments (BF10 = 0.22; BF10 =

0.31, respectively).
Next, an analysis was conducted on the delayed recall score con-

ditionalized on immediate recall (CRcond). Contrary to what was
observed for correct recall, the analysis provided substantial evidence
against an effect of attentional demand (BF10 = 0.16). Thus, the effect of
attentional demand disappeared when controlling for test-retest. This
suggests that the effect of refreshing opportunities on delayed correct
recall mirrors its effect on the immediate test.

5.2.3.2. Recall errors. For semantic errors, although the best model
included only the main effect of judgment type (BF10 = 5.49 × 104), it
was preferred only by a BF10 of 2.10 to the second-best model that also
included the main effect of attentional demand. As in the immediate test,
semantic errors were more often accompanied by “studied or related”
and “guess” judgments than “studied” judgments (BF10 = 8.33 × 104;
BF10 = 867, respectively). There was substantial evidence that the rate
of the two first judgments did not differ (BF10 = 0.12). Although se-
mantic errors seemed to be more frequent in the high attentional de-
mand than in the low demand condition, paired t-tests comparisons
provided substantial evidence against an effect of attentional demand on
semantic errors associated with each judgment type (BF10 = 0.31; BF10
= 0.29; BF10 = 0.28, for “studied”, “studied or related” and “guess”
judgments, respectively).

For non-semantic errors, the model including the main effect of
judgment type only was the best (BF10 = 9.07 × 1016). Post-hoc com-
parisons indicated that non-semantic errors were more often accompa-
nied by “guess” judgments than by “studied or related” (BF10 = 2 × 108)
and “studied” judgments (BF10 = 5.91 × 106). There was no difference
between the rates of the latter two types of judgment (BF10 = 0.13).

Next, as in previous experiments, we tested the effect of attentional
demand on semantic and non-semantic errors occurring only in the
delayed test (Fig. 4). The additive model was the best (BF10 = 1.83 ×

1015), but it was preferred only by a BF10 of 1.18 to the full model that
also included the interaction between attentional demand and error
type. Therefore, we conducted Bayesian paired t-tests for semantic and
non-semantic errors separately with attentional demand as a within-
subject factor. There was substantial evidence that semantic errors
generated in the delayed test only were more frequent in the low
attentional demand (51.1%, SD = 30.1) than in the high attentional
demand condition (38.7%, SD = 27.4; BF10 = 3.78). By contrast, there
was substantial evidence against an effect of attentional demand for
non-semantic errors (BF10= 0.18). As in previous experiments, semantic
errors generated in the delayed test only were increased in the low
attentional demand condition. Using a more stringent manipulation of
attentional demand, we were able to obtain a larger effect here than in
previous experiments.

5.2.4. Summary of Experiment 4 results
Immediate recall performance increased when participants had more

opportunities to refresh the memory words. As in previous experiments,
manipulating the attentional demand of the concurrent task had no ef-
fect on delayed correct recall. Although the percentage of correct recall
was higher in the low attentional demand condition, the conditionalized
score showed that this effect rather reflected the influence of immediate
recall on delayed recall. Most of the time when they recalled a word
correctly in the immediate or the delayed test, participants reported
remembering details of the word presentation during the study phase
(78.1% and 81.4%, respectively). As expected, the more stringent
manipulation of attentional demand increased its effect on semantic
errors made only in the delayed test. The latter were more numerous in
the low attentional demand condition. Interestingly, the majority of

semantic errors in the delayed test (and half of them in the immediate
test) were associated with either a sense of recollecting details of the
presentation of the words falsely recalled (17.2% and 6.8% in the
delayed and the immediate test, respectively) or with a vaguememory of
the meaning or gist of the falsely recalled words (41.8% and 43.1% in
the delayed and the immediate test, respectively), while non-semantic
errors were mainly attributed to chance (68.3% and 69.1% in the
delayed and the immediate test, respectively).

6. General discussion

In studies of false memories, there has been considerable interest in
recent years in whether reconstructive retrieval processes that give rise
to false memories in LTM are also active in WM. This question echoes the
broader question of the relationships between LTM and WM. The
apparent convergence of false memory phenomena occurring in short-
and long-term tests provides prima facie support for models that
describe WM as the activated part of LTM, and contradicts the alterna-
tive view that WM is a separate system from LTM. Abadie and Camos
(2019) recently proposed a model that accounts for short- and long-term
false memories, attempting to integrate WM and LTM approaches. Evi-
dence from recognition tasks in adults and children supports this inte-
grative model (Abadie & Camos, 2019; Abadie & Rousselle, 2023;
Rousselle et al., 2022). However, questions have been raised about the
adequacy of using recognition tasks to assess the involvement of WM
processes, as recall tasks seem more appropriate (e.g., Allen et al., 2018;
Malmberg, 2008; Uittenhove et al., 2019). Unfortunately, most of the
previous studies on short-term false memory have used recognition tasks
(e.g., Abadie & Camos, 2019; Atkins & Reuter-Lorenz, 2008, 2011;
Coane et al., 2007; Flegal et al., 2010; 2014) and very few have used
recall tasks (to our knowledge, only Atkins & Reuter-Lorenz, 2008).

Our series of experiments made three major contributions. First, they
provided new evidence that false memories can occur in WM recall
tasks. Second, they were the first to examine the role of active WM
maintenance in the false memory phenomenon using recall tasks. In the
immediate test, semantic errors were on average three times more
frequent when maintenance in WM was impeded by a concurrent task
than when it was not. In contrast, in the delayed test, when only the
errors produced in this test were considered, the semantic error rate
decreased when maintenance in WM was impeded. The third contribu-
tion of our study was to dissociate the role of the two main WM main-
tenance mechanisms, articulatory rehearsal and attentional refreshing
(e.g., Baddeley, 1986; Camos et al., 2018), on the formation of false
memories. Results from all four experiments consistently showed that
semantic errors in the immediate test were reduced when participants
had the opportunity to rehearse memory words. In contrast, semantic
errors occurring only in the delayed test were increased when refreshing
opportunities were provided. These findings replicate those obtained in
recognition tasks (e.g., Abadie & Camos, 2019), supporting the idea that
each WM maintenance mechanism differentially moderates the occur-
rence of short- and long-term false memories.

In the following, we consider the contribution of our results to the
understanding of short-term false memories, the role of articulatory
rehearsal on the occurrence of these errors in the short term, and the role
of attentional refreshing on their longer-term occurrence. Finally, we
consider the question of shared processes between WM and LTM.

6.1. Short-term false memories in recall tasks

Using a DRM-like paradigm with only four memory words and a
retention interval of a few seconds, we reported relatively high rates of
semantic intrusions in the immediate test in all experiments, averaging
about 11%. This rate is slightly lower than the false alarm rate for se-
mantic lures in recognition tasks (20% on average across studies), which
is a finding that has also been reported in the LTM literature (e.g., Oliver
et al., 2016; Seamon et al., 2002). Semantic errors were by far the most
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frequent in the present study, with only between 1.2% and 2.4% of each
type of non-semantic errors on average in the immediate tests. Atkins
and Reuter-Lorenz (2008, Exp.1B) also reported a predominance of se-
mantic errors over all other error types in a short-term DRM task with a
recall test. This prevalence of semantic errors relative to other types of
errors in a WM task with a recall test mirrors the results repeatedly
obtained with recognition tests (e.g., Abadie & Camos, 2019; Atkins &
Reuter-Lorenz, 2008; Flegal et al., 2010, 2014). This underscores the
fact that short-term false memories do not depend solely on retrieval
processes that are specific to recognition tasks.

By examining the confidence or subjective experience associated
with each response, Experiments 3 and 4 provided an insight into the
processes underlying these short-term false memories. In Experiment 3,
where participants reported their confidence in their responses, both
semantic and non-semantic errors in the immediate test were predom-
inantly associated with low confidence, suggesting that confidence
judgments may not be sensitive enough to distinguish the nature of
short-term memory errors. In contrast, Experiment 4, in which partici-
pants reported their subjective experience rather than their confidence
in their response, showed that short-term semantic errors were more
often associated with a sense of recollecting the details of the presen-
tation of the falsely recalled words or with a vague memory of the
meaning of the falsely recalled words than other types of memory errors.
Flegal et al. (2010, Exp. 2) also showed that false recognition of related
items was more often associated with “remember” judgments (31%) and
with “know” judgments (31%) than false recognition of unrelated items,
which was more often associated with “guess” judgments (50%). Thus,
assessing participants' subjective experience seems to reveal interesting
differences in the representations underlying the two types of errors.
These findings are consistent with those of Abadie and Camos (2019);
Abadie & Rousselle, 2023 showing that retrieval of gist representations
underlies short-term false recognition of related items and suggest that
the processes underlying the occurrence of semantic errors in recall tests
appear to be similar to those underlying them in recognition tasks.

Comparing the errors produced in the immediate test and those
produced in the delayed test, there was an increase in errors in the
delayed test due to the forced recall procedure in Experiments 2 to 4.
Experiments 3 and 4 revealed that the increase in semantic errors was
associated with an increase in confidence or in the feeling of retrieving
details from the study phase, whereas non-semantic errors were more
often associated with guess judgments. These results are consistent with
findings in the LTM literature showing that false memories produced in
an initial test can strengthen over time and multiple retrievals (e.g.,
Gallo, 2006, for a review). However, a direct comparison between im-
mediate and delayed tests in our experiments should be viewed with
caution because the recall tests differ not only in delay, but also in the
fact that initial tests involved single lists, whereas the final test involved
all lists.

Taken together, these results suggest that there are no major differ-
ences between short-term false memories obtained in recognition tasks
and those obtained in recall tasks. Short-term false memories therefore
do not seem to be determined by processes that take place during
retrieval, but rather by processes that would take place during infor-
mation maintenance.

6.2. Articulatory rehearsal prevents short-term false memories

According to Abadie and Camos (2019) model of short- and long-
term false memories, because rehearsal reinforces verbatim memories
that do not persist much over time, its use should increase short-term
correct recall and reduce the occurrence of short-term false memories
but have no effect on long-term recall (Fig. 1). These predictions are
fully supported by the results of the present study (Table 1). Consistently
across experiments, reducing rehearsal opportunities reduced immedi-
ate correct recall (about 12% loss on average in Experiments 1 and 2). It
had no effect on delayed recall, except on the conditionalized correct

recall score, which decreased with more rehearsal opportunities. This
latter effect is presumably due to the fact that rehearsal emphasizes
surface features of memory items that are not maintained over the long
term. More importantly, as expected, limiting the use of rehearsal sub-
stantially increased semantic intrusions in the immediate test (about
7.5% more on average), while having virtually no effect on the other
types of errors (<1% on average). Finally, this mechanism had no effect
on the errors produced in the delayed test. However, when considering
errors generated only during this test (i.e., Econd), all types of errors, both
semantic and non-semantic, increased with more rehearsal opportu-
nities, which is the likely corollary of its effect on conditionalized correct
recall. Results of previous studies using recognition tasks (e.g., Abadie&
Camos, 2019; Atkins et al., 2011; Macé & Caza, 2011) echoed nicely
with the present findings in recall tasks in which errors were sponta-
neously generated. Thus, active WMmaintenance by means of rehearsal
moderates the occurrence of short-term false memories, regardless of the
retrieval task that is used.

The effects of manipulating rehearsal are also indicative of the recall
processes on which rehearsal can act. The reduction in the incidence of
semantic errors combined with the increase in correct recall in the im-
mediate test when there were more rehearsal opportunities is consistent
with the hypothesis that rehearsal emphasizes direct access to verbatim
representations of memory items. Other studies also support this hy-
pothesis by showing that rehearsal reinforces the surface, either
phonological or articulatory, features of the words to be remembered
(Baddeley, 1966; Camos et al., 2011, 2013; Estes, 1973) and reduces the
importance of semantic processing (e.g., Higgins & Johnson, 2013;
Loaiza & Camos, 2018; Oberauer, 2009). Finally, rehearsal had only
transient and not a long-term beneficial effect in the present study,
which is also consistent with the hypothesis that rehearsal favors the
maintenance of item surface features that fade faster than semantic
representations over time (Seamon et al., 2002).

6.3. Attentional refreshing fosters long-term false memories

According to Abadie and Camos (2019) model, the use of refreshing
fosters the creation of both verbatim and gist traces, which should in-
crease correct recall of studied items in immediate tests as well as correct
recall of studied items and false recall of semantically related distractors
in delayed tests. Consistently, across experiments, correct recall per-
formance in the immediate test was better when there were more op-
portunities for refreshing. In the delayed test, although there was
descriptively a greater increase of semantic errors when there were more
refreshing opportunities, varying refreshing opportunities did not have a
substantial effect on these errors. However, errors occurring in the
delayed test can be errors that were first generated in the immediate test
and then reproduced in the delayed test, as well as errors generated only
in the delayed test. Interestingly, when considering errors generated
only in the delayed test (i.e., Econd), we found an increase in semantic
errors in all four experiments when there were more refreshing oppor-
tunities (about 13% on average). Moreover, there was substantial evi-
dence against the effect of refreshing on non-semantic errors in the
delayed test in all experiments. Thus, it appears that the effect of
refreshing on semantic errors in the delayed recall test is specifically
visible for errors made only in this test. Consistently, Abadie and Camos
(2019) found the same effect of refreshing on false recognition of related
distractors in a delayed test in which the word lists tested were not
previously tested in an immediate test.

A first question that comes to mind at this point is why refreshing
increases the semantic errors produced specifically in the delayed test,
whereas it seems to have no impact (or rather reduces them) in the
immediate test. Some authors (e.g., Oberauer, 2013; Oberauer & Hein,
2012) have proposed that refreshing not only enhances memory for
item-specific information, but also for item-context associations (e.g.,
the item and its serial position in the list for WM tasks with a serial recall
test). Contextual cueing would allow memory items to be refreshed,
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which would strengthen their accessibility in memory. Transposed to
the DRM paradigm, the context would be the theme of a list (e.g.,
“mountain”) and the items the words of the list (e.g., “hill, valley, climb,
summit”). In such a view, without a cue as in recall tests, refreshing
could function as a redintegration (Barrouillet & Camos, 2015; Hulme
et al., 1997) or a reconstructive process (Brainerd et al., 2009; 2014;
2015; Brainerd & Reyna, 2010) using LTM knowledge. The recon-
structive process would use partial identifying information (e.g., se-
mantic features of items) to regenerate candidate items that would
contain true candidates (e.g., “hill” or “valley”) as well as false ones (e.
g., “mountain”). This theoretical view is in line with the hypothesis that
refreshing could both increase the probability of correct recall and also
semantic errors in immediate and delayed tests. However, this does not
account for the fact that refreshing did not increase semantic errors in
the immediate test in our four experiments. An alternative view,
consistent with the Abadie and Camos (2019) model, would be that
refreshing enhances both direct access to item surface details (i.e.,
verbatim traces) and reconstructive retrieval processes (Fig. 1). In im-
mediate tests, the surface details of the items are readily available inWM
(as when rehearsal is used), which reduces the likelihood of semantic
errors. In delayed tests, however, things are different for two reasons.
First, the surface traces of studied items fade more rapidly than their
semantic traces, leading to a net increase in semantic intrusions on
delayed tests (Brainerd & Reyna, 2005). Second, the refreshing of items
in WM is likely to leave partial traces of items in LTM (Barrouillet &
Camos, 2015); these partial traces would reflect the semantic content of
the items and thus promote semantic intrusions in delayed tests.

A second question is why the effect of refreshing on long-term se-
mantic errors appeared only on those produced exclusively in the
delayed test. A plausible response is that its effect is masked because of
the influence of the prior immediate test on the delayed test. Indeed, as
discussed above, it is well established that prior retrieval influences later
learning (e.g., Chan, Manley, et al., 2018; Chan, Meissner, & Davis,
2018). The influence of prior recall on semantic intrusions might be
stronger than the influence of the manipulation of refreshing
opportunities.

Finally, one question remains as to why, in our studies, refreshing did
not improve correct recall in the delayed test even when controlling for
test-retest. Previous studies showed a decrease in correct recall in
delayed tests when reducing refreshing opportunities (e.g., Camos &
Portrat, 2015; Loaiza &McCabe, 2012, 2013; McCabe, 2008). However,
some authors have argued that the improvement in delayed recall per-
formance could be due to processes that take place during item encoding
or to other processes such as elaboration, which would be different from
refreshing (Bartsch et al., 2018; Loaiza et al., 2023; Souza & Oberauer,
2017). A difference between these studies and ours is the use of DRM
lists. This type of lists could favor semantic context retrieval at the
expense of item memory. Similarly, Abadie and Camos (2019) also
found that only semantic false recognitions were impacted by the use of
refreshing in delayed tests. Further studies are needed to better under-
stand the role of refreshing on delayed recall.

6.4. Dissociation or overlap between WM and LTM processes?

Previous studies demonstrate striking parallel in the memory dis-
tortions that affect recognition over the short and long term (e.g., Atkins
et al., 2011; Flegal et al., 2010). This led the authors to propose that the
false memories observed in WM tasks arise from processes shared by
both WM and LTM, bringing support to the theoretical view of a strong
overlap between the twomemory systems. However, some of the current
findings were at odds with this theoretical view. The semantic intrusions
that were obtained in the immediate test could not be generated by WM
processes. In all four experiments, semantic errors were far more
frequent whenWMmaintenance was impeded (about 15%) than when it
was not (about 4.5%). This finding replicates the one obtained previ-
ously with recognition tasks (Abadie & Camos, 2019) and generalizes it

by showing that it did not depend on the memory test. It seems, there-
fore, that the occurrence of false memories in short-term tests results
from the weakness or absence of memory traces stored in WMwhenWM
maintenance mechanisms cannot be used effectively to maintain them.
Therefore, short-term false memories would merely reflect the influence
of LTM, i.e., a store from which traces can be searched and retrieved in
the absence of WM memory traces (e.g., Unsworth & Engle, 2007).
These findings are thus difficult to reconcile with a unitary view of
memory.

Alternatively, some models conceive WM as the activated part of
LTM (Cowan, 1999, Cowan et al., 2021; Engle et al., 2001; Oberauer,
2002). For example, Cowan's (1999) embedded-processes model pro-
poses that WM is a subset of LTM in which a set of elements relevant for
the current task are activated among which three to four chunks of in-
formation are maintained in a high state of accessibility by a limited
capacity focus of attention. When DRM lists are studied, the theme has a
high probability of being activated (i.e., in the activated part of the LTM,
but outside the focus of attention), due to the network strongly activated
by the words studied (i.e., maintained in the focus of attention) all
associated with this common theme (Stadler et al., 1999). Therefore,
false memories based on the retrieval of memory traces in the activated
part of LTM should be enhanced when refreshing opportunities are
reduced (i.e., when maintenance of memory traces in the focus of
attention is impaired). However, the present findings contradict this
prediction. Varying the opportunities for refreshing had no effect on
semantic errors in the immediate test, and semantic errors in the delayed
test increased with more opportunities for refreshing.

Rather, the findings of the present study seem to support a concep-
tion of memory that can be described as dual (e.g., Norris, 2017),
borrowing notions from earlier models of WM but distinguishing itself
by integrating more closely with current neurocognitive models of
consciousness and LTM. According to this view, which is consistent but
goes beyond the first proposal by Abadie and Camos (2019), memory is
conceived as a system in which attention is the main general resource for
maintaining both short- and long-term information. The use of attention
allows items to enter WM and become conscious, in the sense that they
can be used flexibly by other processes (e.g., Baars, 1997; Dehaene et al.,
2011). However, verbal information might also be maintained in the
short term by a mechanism or system dissociated from this memory
system, the articulatory loop. As proposed in the latest version of the
TBRS model, the articulatory loop is conceived as a non-attentional
mechanism dedicated to the maintenance of motor programs through
rehearsal that allows the reproduction of verbal items through articu-
lation (Barrouillet et al., 2021; Barrouillet& Camos, 2021). According to
this view, the use of rehearsal to maintain semantically related infor-
mation in the paradigm used in the present study would prevent the
occurrence of semantic memory errors by providing direct access to the
surface, articulatory form of each word. These errors would occur in the
short term, especially when rehearsal is not or cannot be used (Abadie&
Camos, 2019). Other general attentional mechanisms, such as but not
limited to refreshing, can be used to maintain verbal information inde-
pendently of the articulatory loop (e.g., Camos, 2015; Camos, 2017). As
discussed above, these mechanisms enable the maintenance of verbatim
and gist representations that are differentially affected by time as pro-
posed in the FTT (e.g., Brainerd et al., 2015). Although it accounts for
the results obtained in this study, this conception briefly sketched here
needs to be developed and tested in future studies.

6.5. Limitations

The present study, however, has some limitations that may affect the
generalizability of the findings. The first is that, as in many psycholog-
ical studies, the participants were mainly university students with a level
of education that may be higher than the average level of the general
population. The second limitation is the gender imbalance, with women
predominant in all experiments. This lack of gender diversity could
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influence the results obtained, although other studies have found no
effect of gender on the occurrence of false memories from neutral word
lists (Dewhurst et al., 2012). Finally, interindividual differences in WM
capacity were not considered in the present study. The WM task may
have been more or less attentionally demanding depending on the in-
dividual, which could, for example, make the refreshing manipulation
less effective for individuals with greater WM capacity. It should be
noted, however, that the refreshing manipulation still proved effective
for immediate correct recall in all experiments. To overcome this limi-
tation, future studies could use a titration procedure to adapt the task to
individual WM capacities.

7. Concluding comments

Accumulated evidence supports the conclusion that the semantic
DRM illusion can occur in WM tasks with lists of only a few items and an
interval of a few seconds between study and test. The present study
investigated the role of WM maintenance mechanisms in this phenom-
enon, testing for the first time Abadie and Camos (2019) model in recall
tasks. Importantly, this study showed that short-term semantic errors are
more frequent when WM maintenance is impeded, i.e., when recall re-
lies primarily on LTM retrieval. Specifically, articulatory rehearsal
prevents short-term semantic errors. In contrast, attentional refreshing
has no specific effect on short-term semantic errors, but favors the
occurrence of semantic errors that appear only in the long term. These
findings are consistent with a dual conception of memory, consisting of a
central attentional system for the maintenance of short-and long-term
information, and an independent system based on articulatory rehearsal
for the maintenance of short-term verbal information. Although gist
representations can be maintained in WM, they are not emblematic of
WM in which direct access processes that retrieve surface memory traces
appears to be used preferentially.
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