Psychonomic Bulletin & Review (2024) 31:790-801
https://doi.org/10.3758/s13423-023-02381-4

BRIEF REPORT q

Check for
updates

How do intentions modulate the effect of working memory
on long-term memory?

Maximilien Labaronne'® - Laura Ferreri'?® - Gaén Plancher'?

Accepted: 31 August 2023 / Published online: 18 September 2023
© The Psychonomic Society, Inc. 2023

Abstract

Previous studies found that working memory maintenance contributes to long-term memory formation, and some evidence
suggests that this effect could be larger when individuals are informed of the final long-term memory test. However, no
study so far has explored whether and how working memory maintenance adapts when long-term retention is intentional. In
this study, we conducted two experiments using verbal complex span tasks followed by delayed-recall tests. In both experi-
ments, we evaluated working memory maintenance by varying the cognitive load of the concurrent task and with memory
strategies reports. We manipulated intentions to remember at long term by warning participants of the final delayed recall
or not (Experiment 1) or by monetarily rewarding immediate or delayed-recall performance (Experiment 2). We found no
evidence that intentions changed the working memory maintenance mechanisms and strategies used, yet the cognitive load
(Experiment 1) and rewards (Experiment 2) effects on delayed recalls were increased with a higher intention to remember at
long term. We discuss possible interpretations for these results and suggest that the effect of intentions may not be due to a
change in the kind of maintenance mechanisms used. As our results cannot be explained solely by encoding or maintenance
processes, we instead propose that intentions produce a combined change in encoding and maintenance. However, the exact
nature of this modulation will need further investigation. We conclude that understanding how intentions modulate the effect
of working memory on long-term memory could shed new light on their relationship.
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Introduction

Working memory maintenance and long-term
retention

Researchers in the working memory (WM) field have shown
increasing interest in the link between WM and long-term
memory (LTM), in particular how one WM maintenance
mechanism, attentional refreshing, contributes to LTM for-
mation. Refreshing is defined as a domain-general main-
tenance mechanism that relies on attention to increase the
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activation level of information in WM and keep it accessible
(Barrouillet & Camos, 2015; Camos et al., 2018; Johnson,
1992).

Attentional refreshing is mainly studied using complex
span tasks. In these tasks, to-be-recalled items are presented
sequentially and interspaced by a concurrent processing
task (e.g., parity task, operation task). The Time-Based
Resource-Sharing model (Barrouillet et al., 2004) proposes
that refreshing availability is modulated by the cognitive
load (CL) of the concurrent processing task, defined as the
portion of the total time of the task during which attention
is diverted from maintenance. CL can be manipulated by
varying the number of distractors in the same period, the
pace of the concurrent task, or its difficulty. Increasing CL
reduces memory performance at immediate recall and, more
critically, at delayed recall (Barrouillet et al., 2007; Camos
& Portrat, 2015; Jarjat et al., 2018, 2020; Plancher & Bar-
rouillet, 2013). Similarly, it has been observed that complex
span tasks lead to better episodic memory than simple span
tasks, supposedly by increasing the number of refreshing
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opportunities (the McCabe effect; Loaiza & McCabe, 2012;
McCabe, 2008). Together, these results suggest that on top
of short-term retention, refreshing also promotes LTM.

However, because the main purpose of WM is to allow
short-term retention of information, it is not always relevant
to remember this information at long term. Thus, we can
wonder if intention to remember at long term modulates the
effect of WM on LTM.

Role of recall relevance in working memory (WM)
and long-term memory (LTM)

A meta-analysis on the effect of WM on LTM (Hartshorne &
Makovski, 2019), highlighted that the effect of maintenance
on long-term recall was stronger in studies that announced
the upcoming delayed memory test, compared to studies
using a surprise recall. This result suggests that intention
to learn at long term increases the effect of WM on LTM.
However, to our knowledge, the cause of this effect has not
yet been investigated. One possibility could be that WM
maintenance adapts to better promote LTM when aiming
for long-term recall. Thus, we could expect that warning
participants of a final delayed-recall test would lead to a
change in the maintenance strategies deployed.

Another way to investigate intentions is to modulate
participants’ motivation by manipulating the relevance of
information through external rewards, such as monetary or
abstract values associated with the to-be-remembered infor-
mation. There is substantial evidence regarding the effect
of reward on WM. Financially rewarding correct recall in
visual WM increases WM capacity for high- compared to
low-reward trials (Kawasaki & Yamaguchi, 2013), and vary-
ing reward value at the item-level improves recall accuracy
for high reward items (Allen & Ueno, 2018; Hitch et al.,
2018). Similar results were found for verbal memory pre-
sented visually (Sandry et al., 2014, 2020) or auditorily
(Atkinson et al., 2021). Reward boosts in WM have been
proposed to be driven, at least partially, by the use of refresh-
ing (Atkinson et al., 2022; Sandry et al., 2014, 2020; Sandry
& Ricker, 2020).

Some studies also investigated whether WM reward-driven
prioritization effects transfer to subsequent LTM. In Sandry
et al. (2020) study, WM trials contained high-value items
presented in red that were worth more points than low-value
items presented in black. A final free delayed recall indicated
better long-term recall for prioritized items, similar to what
was observed in WM. Jeanneret et al. (2022) investigated
the long-term consequences of two retrospective prioritiza-
tion procedures in WM: reward-based (i.e., retrospectively
assigned abstract value) and retro-cue (i.e., an arrow pointing
to the previous location of the to-be-tested item). Using object

images, they found that the benefit of cued items transferred to
long-term recognition, while reward effects were more ambig-
uous. Together, these two studies suggest that prioritization
in WM can also affects the resulting LTM of the information.
However, and critically, these studies did not reward explicitly
long-term recall but only the WM task, and used surprise LTM
tests. It is not clear, therefore, whether the effects would be the
same if participants would prioritize LTM formation during
WM maintenance.

The present study

In the present study, we aimed to better understand the role of
intentions on the link between WM and LTM by investigating
(1) if the effect of WM on LTM is modulated by intention to
remember at long term and (2) whether and how WM mainte-
nance adapts to fulfill these intentions.

In a first experiment, we manipulated intention to
remember at long term by informing or not participants of
the final delayed-recall test before the WM task. We manip-
ulated the CL of the concurrent task to evaluate the use of
attentional refreshing (Barrouillet et al., 2007; Camos &
Portrat, 2015; Jarjat et al., 2018, 2020; Plancher & Barrouil-
let, 2013). As it has been proposed that the addition of dis-
tractors can modulate the effect of WM on LTM (Loaiza &
McCabe, 2012; McCabe, 2008), we also included a simple
span condition to be compared with complex span condi-
tions. If higher intention to remember at long term leads to
increased use of attentional refreshing, we should observe
a stronger CL effect at immediate and delayed recall when
participants were informed of the delayed test, as compared
to when they were not (i.e., lower intention to remember at
long term).

In a second experiment, we modulated intentions using
monetary rewards. We varied the value of the items to cre-
ate a within-trial prioritization (i.e., high and low rewards
associated with the to-be-encoded material, as in Hitch
et al., 2018; Sandry et al., 2020), and the CL of the concur-
rent task as in Experiment 1 (excluding the simple span
condition). Additionally, we manipulated which type of
recall tests (i.e., immediate or delayed) yielded rewards to
induce prioritization of either short- or long-term reten-
tion. Following previous literature, we anticipated that
high-value items would be better recalled than low-value
items at both immediate and delayed recall. In line with
the hypotheses of Experiment 1, we expected that reward-
ing delayed recalls would lead to a stronger CL effect on
immediate and delayed recalls than rewarding immediate
recalls. We also predicted that the reward effect would be
stronger on the rewarded test, immediate or delayed recall,
compared to the non-rewarded test.
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Experiment 1
Method
Participants

Eighty young adults (58 females) between 18 and 30 years
old (M = 23.51, SD = 3.40 years) were recruited for this
experiment. All participants had to be aged between 18 and
30 years old, be native French speakers, have normal or cor-
rected-to-normal vision, and did not report any history of
neurological or reading problems. All participants provided
written informed consent before taking part in the study.

Material and design

The experiment was developed using jsPsych (de Leeuw,
2015) and was conducted online on a JATOS server (Lange
et al., 2015). The experimental material consisted of 240
words that were selected from the Lexique3 database (New
et al., 2001, 2004). Words were high frequency (M = 138.21,
SD = 126.50, in written occurrences per million) singular
common nouns, four to eight letters, and one to two syllables
long. The concurrent parity task consisted of 32 sequences
of 15 digits ranging from 1 to 9, with a pseudorandom pres-
entation order.

At the end of the experiment, participants were presented
a strategies form. This form asked participants to indicate
the percentage of use during the WM task among the pro-
posed strategies, the total having to reach 100%. Each strat-
egy was described by a short sentence’, and an additional
fillable field (“other”) could be used to report the use of
non-proposed strategies. The proposed strategies were ver-
bal rehearsal, attentional refreshing, stories, mental images,
places (method of loci), mental line, and visual scenes.
Finally, participants filled a motivation evaluation scale
(Intrinsic Motivation Inventory; Ryan, 1982) composed of
four dimensions: perceived choice, perceived competence,
interest/enjoyment, pressure/tension.

We manipulated the maintenance condition of the task
(simple span vs. complex span low CL vs. complex span
high CL) as a within-subject variable and the delayed recall
awareness (aware vs. unaware) as a between-subject variable.

! These were the sentences presented to the participants (translated
from French). Verbal rehearsal: “Verbally rehearse in your head/
orally”. Mental images: “Form separate mental images for each
word”. Visual scene: “Imagine a visual scene that contains images of
all words”. Stories: “Telling yourself a story linking words”. Mental
line: “Place words or images on a mental line”. Refreshing: “Think
back to the words, but without saying them in your head”. Places:
“Mentally place the words in a familiar location”. Other: “Other:
please enter a description of the strategy”.
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Two versions of the experiment were used to counterbalance
words, digits, and CL condition order.

Procedure

The experiment started with the initial instructions describ-
ing the various phases of the experiment and the WM task.
An additional sentence indicating the presence of a final
delayed recall was added for half the participants (aware
group) but not the other half (unaware group), and this recall
was reminded in the halfway break screen for aware par-
ticipants only. The experimental session then started with a
training phase that was followed by the experimental task,
and ended with the strategies form, the motivation evalua-
tion scale and a final form asking for participants’ personal
information.

The experimental task was a simple or complex span
task (Fig. 1). It consisted of 48 trials of five memoranda.
Each trial started with a fixation cross for 1,000 ms. Words
were presented sequentially for 1,500 ms each. In complex
span trials, words were interspaced by a concurrent parity
task consisting of three digits that participants had to judge
as even or odd (“m” key for even and “q” for odd on an
Azerty keyboard), that were presented for 600 ms (high CL)
or 1,200 ms (low CL). In simple span trials, words were
interspaced by a 3,000 ms black screen. Each word and digit
was followed by an interstimulus interval of 150 ms. The
time interval between two words in the simple span trials
was selected to approximately match the available free time
in the low CL condition. To estimate the time required to
process a digit, we referred to previous literature that used a
similar concurrent parity task within a complex span design.
These studies reported presentation times ranging from
1,200 ms to 1,700 ms per digit, resulting in processing times
of 621 ms and 615 ms in the two experiments conducted by
Labaronne et al. (2023), and 672 ms and 625 ms for adults
in the study by Rosselet-Jordan et al. (2022). Based on this
information, we estimated the digit processing time to be
approximately 650 ms. Considering this processing time, the
free time between two words in the low CL condition was
estimated to be 3,150 ms (subtracting three times 650 ms,
to account for processing, to the total duration of 5,100 ms).
Consequently, we used this duration for the simple span task
(150 ms of interstimulus interval after the word, followed
by a 3,000-ms blank screen). Participants were not asked to
read the words or digits aloud.

At the end of a trial, a recall screen prompted participants
to recall the five presented words in their original order by
typing in the five response boxes, without time limit. The
recall was confirmed by clicking on a submit button and was
followed by a message asking participants to place again
their fingers on the m and g keys to prepare for the coming
trial. The next trial was started by pressing the spacebar.
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Fig. 1 Illustration of maintenance conditions in the task used in Experiment 1

Following the last trial, a 1-min distracting task of multi-
plication problems (e.g., 4 X 5 = 20?) was presented. After
this distracting task, participants performed a delayed recall,
in which they were invited to recall as many words as pos-
sible in any order and without time limit using the keyboard.
This recall was confirmed by clicking on a submit button,
followed by the motivation evaluation scale and the main-
tenance strategies form. A final form asked participants for
their personal information, after what the experiment ended.

The practice was constituted of three phases. The first
phase comprised 54 practice trials of the parity task without
time limit. Accuracy was calculated, and the task had to be
performed again if it did not reach 70%. The second phase
corresponded to ten examples of the arithmetic problems
used in the distracting task before the delayed-recall test.
The third phase was similar to the experimental task, con-
sisting of six trials so that every condition of CL was pre-
sented twice along with two simple span trials. Performance
on the secondary parity task was monitored during the entire
experiment. If their correct-response rate reached the lower
limit of 70%, participants were reminded the importance
of paying attention to this task and were warned that they
had to increase their performance to prevent being sent back
to the practice phase. A new performance check was done
three trials later, and participants were indeed required to
complete again the parity practice phase if their performance
had not increased above 70%.

Statistical analyses
To ensure active processing of the concurrent parity task,

participants having less than 70% of correct responses
were excluded from analyses (final n = 74) as done in some

previous studies (e.g., Camos et al., 2011, 2019; Labaronne
et al., 2023).

Analyses were conducted using R (R Core Team, 2019)
and RStudio (RStudio Team, 2021) with BayesFactor
(Morey & Rouder, 2015) and bayestestR (Makowski et al.,
2019) packages. Bayesian analyses of variance were con-
ducted on immediate serial and delayed recall scorings,
using maintenance condition (simple span vs. complex span
low CL vs. complex span high CL) and delayed recall aware-
ness (aware vs. unaware) as predictors and subjects as a ran-
dom factor. Bayesian models were compared to a null model
including only a random effect of subjects. The likelihood
of each effect was assessed using BF;,.jusion @nd BF, jusion
calculated across matched models (Mathot, 2017), reflecting
the proofs in favor or against an effect. Resulting BFs were
interpreted using the following classification (Lee & Wagen-
makers, 2013, adapted from Jeffreys, 1961): BF at 1 shows
no evidence, anecdotal evidence between 1 and 3, moderate
evidence between 3 and 10, strong evidence between 10 and
30, very strong evidence between 30 and 100 and extreme
evidence for BF > 100. Therefore, BFs below 3 were inter-
preted as inconclusive. Interactions supported by at least
moderate evidence were decomposed using Bayesian t-tests.

By design, strategies values were interdependent, as
response to a strategy conditioned possible values to the
other strategies, which made it unsuited for statistical
analyses. Thus, we observed descriptively if the strategies
data suggested any difference between aware and unaware
participants.

Additional exploratory analyses that were conducted are
included as Appendices. First, to evaluate if the effect of
intentions could depend on individuals' WM capacity, the
median of the simple span performance was used to dis-
tinguish high- and low-performance participants but it did
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Fig.2 Mean correct recall percentage in Experiment 1 by maintenance condition of the task (simple span vs. complex span low vs. complex
span high) and delayed recall awareness group (aware vs. unaware). The error bars refer to the standard error

not affect the other factors (Appendix 1). To explore a pos-
sible role of motivation level, we tested if differences in the
reported motivation could be found between the two groups
or if the scores in some dimensions correlated with memory
performance at short- or long-term. We mostly found evi-
dence supporting the null or inconclusive results (Appendix
2).

Results and discussion
Main analysis

At immediate recall (Fig. 2), the likeliest model
included only the main effect of maintenance condition
(BF,, = 1.62e+15). There was extreme evidence in favor of
the effect of maintenance condition (BF;,.s0on = 1.63€+15),
with better recall in simple span trials (M = 88.26,
SD = 18.36) than under low (M = 80.88, SD = 18.10) and
high (M = 76.42, SD = 19.29) CL. Evidence for the main
effect of awareness was inconclusive (BF,, j ion = 1.44),
and there was strong evidence against the maintenance con-
dition X awareness interaction (BF,, son = 10.63). Thus,
we did not find evidence that awareness of the upcoming
delayed-recall test affected overall immediate performance
or interacted with maintenance condition at short-term. A
complementary analysis conducted on a lenient immediate
recall scoring, that did not consider items’ serial position,
led to similar findings (Appendix 3).

At delayed recall, the likeliest model included the
main effects of maintenance condition and awareness,
and the maintenance condition X awareness interaction

@ Springer

(BF,, = 675.80). There was extreme evidence for the effect
of maintenance condition (BF;qon = 454.58), with better
recall in simple span (M = 15.08, SD = 9.43) and low CL
trials (M = 14.73, SD = 10.67) compared to high CL trials
(M = 11.54, SD = 8.75). Evidence for the main effect of
awareness (BF,, . ,qon = 1.06) and the maintenance condition
X awareness interaction (BF;,j,on = 1.58) was inconclusive.
Given it was included in the best model and its importance
for our theoretical hypothesis, we conducted post hoc Bayes-
ian t-tests on the maintenance condition X awareness interac-
tion. In the unaware group, the difference between simple
span and low CL was inconclusive (BF,, = 1.09). However,
evidence supported a difference between simple span and
high CL (BF,, = 3.12) and an absence of difference between
low and high CL (BF,; = 3.47). In the aware group, evidence
pointed against a difference between simple span and low
CL (BF,, = 3.26) but supported a difference between sim-
ple span and high CL (BF,, = 10.65) and between low and
high CL (BF,, = 362.66). We did not replicate the classical
McCabe effect (Loaiza & McCabe, 2012; McCabe, 2008)
by which items studied in complex span trials are better
recalled at long term than those studied in simple span tri-
als. This difference may be caused by the addition of free
time between memoranda in simple span trials (e.g., Souza
& Oberauer, 2017). As attention is not displaced by distrac-
tors in simple span, it may also be that this free time was
used for short-term consolidation, which has been shown to
benefit both WM and LTM and is independent from main-
tenance mechanisms (Cotton & Ricker, 2021; Labaronne
et al., 2023). It is thus difficult to clearly conclude on the
simple span results. Interestingly, we replicated the delayed
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CL effect in complex span tasks (Camos & Portrat, 2015;
Jarjat et al., 2018, 2020) in the aware group (+5.23), but
not in the unaware group (4+0.88). We should note that we
did not control for whether participants predicted the LTM
test. This could explain the inconclusive evidence regarding
awareness and the interaction between awareness and main-
tenance condition, however results of t-tests on the CL effect
at delayed recall goes against this hypothesis. Future studies
should examine this possibility more carefully.

Strategies

Descriptive observation of the data did not suggest a clearly
distinct pattern of strategies between the two groups, at best
only minor differences (Fig. 3).

Results summary

Surprisingly, the results of this experiment suggest that the
knowledge of an upcoming delayed recall does not visibly
affect WM maintenance, neither in recall performance nor
in maintenance strategies deployed, but still modulates the
impact of complex span task CL on LTM.

Experiment 2

A second experiment was conducted to test our theoreti-
cal hypothesis using different manipulations. Because it has
been shown that rewards in WM also affect subsequent LTM
(Sandry et al., 2020), we investigated if the long-term reward

effect could be modulated by reward-driven intentions
regarding long-term retention. We manipulated monetary
rewards within-trials using high- and low-value memoranda
as in previous literature (e.g., Hitch et al., 2018; Sandry
et al., 2020), and intentions were manipulated by varying
whether rewards were given for performance in immediate
or delayed memory tests.

Method
Participants

As participants were financially compensated, the sam-
ple size was reduced compared to Experiment 1 due to
resources limitations. We recruited 60 new participants (43
females) aged between 18 and 28 years old (M = 21.92,
SD = 2.23) for this experiment. The recruitment criteria
were the same as in Experiment 1. Although participants
believed that their reward would depend on their memory
performance during the task, all those who completed the
experiment received 10€ for their participation.

Material and design

We randomly selected 140 items from Experiment 1 mate-
rial. Given the absence of effect of intentions on motiva-
tion levels when manipulating delayed recall awareness in
Experiment 1 (Appendix 2) or rewards in previous literature
(Sandry & Ricker, 2020), the motivation evaluation scale
was removed for this experiment. Additionally, to prevent
the response to one strategy from being dependent on the
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responses to the other strategies, so we could use statistical
analyses, the strategies form now asked for a percentage of
use for each proposed strategy independently.

Procedure

The same procedure as in Experiment 1 was used, excepted
for the following points. The experiment consisted of two
blocks of 14 trials, with a delayed recall at the end of each
block. At the beginning of the experiment, all participants
were informed of the presence of delayed-recall tests. Par-
ticipants were split into two groups, who were told that their
reward (i.e., the final amount of money won) depended on
their memory performance in either immediate or delayed-
recall tests. The second or third memoranda in each trial,
depending on the block, was a high-value item that rewarded
0.16€ upon correct recall while the rest of the items were
rewarded 0.05€. The high-value item was presented under-
lined to ensure correct identification?. The high-value
item’s serial position in the first block was counterbalanced
between participants (2 or 3) and changed between blocks.
These instructions were reminded at the end of the train-
ing session and after the first block. After a rewarded test
(immediate or delayed recall, depending on the group), a
screen displayed the amount rewarded for this recall and
the total gain. Given the conclusions of Experiment 1, the
simple span condition was removed.

In summary, we manipulated the CL of the concurrent
parity task (low vs. high) and the item reward value (high vs.
low) as within-subject variables, and rewarded test (immedi-
ate recall vs. delayed recall) as a between-subject variable.

Statistical analyses

Analyses were conducted similarly to Experiment 1. Par-
ticipants having less than 70% correct responses to the con-
current parity task were discarded from following analyses
(final n = 52).

Bayesian analyses of variance (bANOVA) were con-
ducted on mean correct recall percentage at both imme-
diate and delayed recall, using CL (low vs. high), reward
value (low vs. high) and rewarded test (immediate recall vs.
delayed recall) as predictive variables, and subject as a ran-
dom factor. Regarding the reward value factor, we computed
the mean percentage of high-value items correctly recalled
and the percentage of low-value correctly recalled, indepen-
dently of their position in the trials.

2 While it could be argued that underlying high-value items made
them more perceptually distinct, previous studies have suggested that
distinctiveness could not account for the value effect (e.g., Atkinson
et al., 2021; Sandry et al., 2020; Sandry & Ricker, 2020).
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For strategies data, the change made in this experiment
removed the responses’ interdependence and allowed us to
use statistical analyses. We conducted a Bayesian analysis
of variance on the percentage of use of strategies, with the
rewarded test and the strategies as predictors, and subject as
arandom variable.

Results and discussion
Main analysis

At immediate recall (Fig. 4), the likeliest model
included the main effects of CL and reward value
(BF,, = 2.98e+09). Extreme evidence supported an effect
of CL (BF,,jusion = 8-42e404), with better recall under low
(M = 88.85, SD = 12.26) than high (M = 83.21, SD = 14.14)
CL. Additionally, we found extreme evidence for a main
effect of reward value (BF;,j,sion = 3-31€+05), with a better
recall for high-value items (M = 90.66, SD = 9.17) than for
low-value items (M = 84.87, SD = 13.97), replicating the
reward effect in verbal WM (Atkinson et al., 2021; Sandry
et al., 2014, 2020). Evidence regarding the main effect of
rewarded test was inconclusive (BF_j sion = 2.81). There
was moderate evidence against the CL X reward value inter-
action (BF,, 1 sion = 4.93). As the effect of rewards was
not modulated by the CL, thought to determine refreshing
availability, this does not support the previous proposition
(Atkinson et al., 2022; Sandry et al., 2014, 2020; Sandry
& Ricker, 2020) that the effect of reward can be attributed
to refreshing. CL did not interact with rewarded test either
(BF ycpusion = 3-45), suggesting, consistent with Experi-
ment 1, that intentions did not modulate the use of atten-
tional refreshing. There was moderate evidence against the
rewarded test X reward value interaction (BF_ on = 3.28)
and the three-way interaction (BF_, o, = 3.38). The analy-
sis using lenient scoring led to similar findings (Appendix 3).

At delayed recall, the best model included the main
effects of CL, reward value and rewarded test, and the
rewarded test X reward value interaction (BF,, = 2.54e+12).
There was extreme evidence for an effect of CL
(BF i ciusion = 5.08e+04), with better recall under low
(M =2242,SD = 14.24) than high (M = 16.37, SD = 10.91)
CL. Moderate evidence supported the main effect of
rewarded test (BF,,,sion = 3-15), with better recall perfor-
mance when the delayed recall was rewarded (M = 22.50,
SD = 12.73) than when immediate recall was rewarded
(M =16.29, SD = 10.38). Consistent with the study of San-
dry et al. (2020), results indicated extreme evidence for the
main effect of reward value (BF, . son = 1.00e4+07). As
with immediate recall scoring, there was moderate evidence
against the CL X reward value (BF,,,son = 4.65) and CL
x rewarded test (BF., ,cion = 3-60) interactions. Crucially,
the effect of reward value was stronger in the group in which
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delayed recall was rewarded (412.23) compared to the group
in which immediate recall was rewarded (+4.02), as sug-
gested by the very strong evidence in favor of the reward
value x rewarded test interaction® (BF,,.jusi0n = 36.97). Post
hoc comparisons indicated inconclusive evidence regard-
ing the effect of rewards in the immediate rewards group
(BF,; = 1.82), and moderate evidence in the delayed rewards
group (BF,, = 5.64). Evidence regarding the three-way
interaction was inconclusive (BF, =1.97).

exclusion

Strategies analysis

The best model included only the main effect of strategies
(BF,y = 2.95e+25). We found moderate evidence against
an effect of the rewarded test (BF,, o, = 6-76) and very
strong evidence against the strategy X rewarded test inter-
action (BF,, on = 66.67). As can be seen in Fig. 5, these
results do not support the use of distinct maintenance strate-
gies between the two groups.

Results summary

We found no evidence that manipulating the rewarded test
(i.e., immediate or delayed recall) affected short-term recall.

3 To evaluate if participants rewarded based on LTM performance
recalled more words overall or only more high-value items, we also
compared the two groups for low-value and high-value items distinc-
tively. Evidence was inconclusive for low-value items (BF,; = 1.50),
but moderate evidence supported a difference for high-value items
(BF;y = 7.39). Thus, the rewarded test’s effect seems to mainly come
from a difference in recalling high-value items.

However, participants that were rewarded in the delayed-
recall tests showed better recall performance and a stronger
reward effect in delayed recalls. This experiment suggests
that higher intention to remember at long term increases the
long-term effect of rewards without modulating short-term
recall.

General discussion

Our first objective was to investigate if intentions modulate
the effect of WM on LTM. In Experiment 1, in line with
the literature (Hartshorne & Makovski, 2019), we observed
that awareness of the upcoming delayed recall increased
the CL effect on delayed-recall performance, however the
bANOVA gave inconclusive evidence and this effect was
supported only by t-tests. In Experiment 2, we found that
the long-term benefit of rewards was increased when reward-
ing delayed recall rather than immediate recall. Together,
these first results suggest that intentions regarding long-term
remembering could modulate the long-term recall of items
presented in a WM task. Future studies will be needed to
explore this question in more detail.

Our second objective was to observe if and how WM
maintenance adapts when aiming for long-term recall.
While we replicated the effect of CL on immediate recall
(Barrouillet et al., 2007; Camos & Portrat, 2015; Jarjat
et al., 2018, 2020; Plancher & Barrouillet, 2013) in both
experiments, we failed to find evidence that this effect was
modulated by intentions manipulation, would it be through
delayed recall awareness or the rewarded test. Additionally,
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in both experiments, we did not find evidence that the
maintenance strategies used differed. In sum, our results
do not suggest that intention to remember at long term
modulated the maintenance mechanisms used or their effi-
ciency at short-term.

While our study provides new evidence that WM manip-
ulations modulate subsequent LTM more strongly with
higher intention to remember at long term, the cause of this
effect remains to be identified. We anticipated that trying
to learn at long term could lead to increased use of refresh-
ing. The increased CL effect with awareness in the delayed
recall of Experiment 1 could partly support this idea. How-
ever, refreshing is more sensitive to concurrent attentional
demand than other low-attentional mechanisms such as ver-
bal rehearsal (Camos, 2015; Camos et al., 2011; Camos &
Barrouillet, 2014; Mora & Camos, 2013). Thus, intentions
not modulating the effect of CL on immediate recall in both
experiments makes this interpretation implausible. Alterna-
tively, conditional use of elaborative strategies could be pro-
posed to explain our results, as previous literature suggested
that elaboration improves delayed recall without impacting
immediate recall (Bartsch et al., 2018). However, this expla-
nation requires to consider that their use is concurrent to
other maintenance mechanisms affecting short-term recall
to explain the short-term CL effect and, as we saw no change
in the reported strategies, that participants were unable to
explicitly report the use of such strategies. Similarly, it has
been reported that a change in strategies was not able to
explain the reward effect (Sandry & Ricker, 2020). Thus, the
proposition of a change in the maintenance strategies used
does not seem promising.

@ Springer

Considering our results and the literature, we propose
the hypothesis that intentions induce a combined change
in encoding and maintenance. In a long-term recognition
task, a concurrent random number generation during encod-
ing, contrary to an articulatory suppression task, removes
the reward effect on delayed recognition (Elliott & Brewer,
2019). Coherently, imaging studies reported a preparatory
phase before the presentation of items that can predict their
successful encoding (Adcock et al., 2006; Addante et al.,
2011, 2015), and that intention to remember modulates
frontal-midline’s low beta band power during this phase
(Schneider & Rose, 2016). Thus, it appears that intention
to remember at long term could alter encoding, leading to
a better long-term recall. However, evidence also suggest
a role of WM maintenance. In Experiment 1, we found
that CL, a manipulation constricted to WM maintenance,
affected delayed recall differently depending on delayed
recall awareness. In Experiment 2, in which all participants
were aware of the delayed test, CL affected the delayed recall
of all participants. Accordingly, oscillatory activity during
maintenance can predict both immediate and delayed-recall
performance (Khader et al., 2010). Therefore, one possi-
ble explanation could be that intention to remember at long
term does not modulate the kind and amount of maintenance
mechanisms engaged. Instead, it could lead to a change in
encoding processes, for instance through the nature of the
encoded representation, that would determine to what extent
WM maintenance mechanisms affect long-term recall. Fur-
ther studies are needed to clarify how intentions modulate
the effect of WM on LTM, which could bring a better under-
standing of the links between WM and LTM.
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Appendices
Appendix 1
Simple span performance split in Experiment 1

First, we used the median of the simple span performance
to distinguish high- and low-performance participants.
In particular, we were interested to see if the interaction
between CL and delayed recall awareness on delayed recall
was modulated by participants’ overall WM performance.
Participants having a mean correct response in the simple
span equal or inferior to the median of the means correct
percentage were labeled as low performance, while the rest
of the participants were labeled high performance. Simple
span trials were then removed from the data set, and analyses
were conducted similarly to the main analyses excepted for
the inclusion of performance group as a factor. Two Bayes-
ian analyses of variance were conducted on immediate serial
recall and delayed recall, using CL (low vs. high), delayed
recall awareness (aware vs. unaware), and performance
group (low vs. high) as predictors and subjects as a ran-
dom factor. Bayesian models were compared to a null model
including only a random effect of subjects.

At immediate recall, the best model included the main
effects of delayed recall awareness, CL, and performance
group (BF,, = 2.62e+05). Evidence regarding the inter-
action between delayed recall awareness and performance
group (BFjusion = 2-98) and the interaction between the
three factors (BF,,,son = 2-87) were inconclusive. There
was moderate evidence supporting an absence of interac-
tion between CL and performance group (BF,, i sion = 4.02).

At delayed recall, the best model included the main
effects of delayed recall awareness, CL, and performance
group, the interaction between delayed recall awareness
and CL, and the interaction between delayed recall aware-
ness and performance group (BF,, = 5.08e+04). Evidence
for the interaction between delayed recall awareness and
performance group (BF;, jusion = 1-10) and for the inter-
action between the three factors (BF  jysion = 2.73) were
inconclusive. There was moderate evidence supporting the
absence of interaction between CL and performance group
(BF =3.32).

exclusion

Appendix 2
Motivation scale results in Experiment 1

First, we assessed if the reported scores in each of the four
dimensions of the scale (perceived choice, perceived compe-
tence, interest/enjoyment, pressure/tension) differed between
aware and unaware participants. We conducted Bayesian

t-tests on each score between the two groups. Evidence
supported an absence of difference for the perceived choice
(BF,, = 3.25), perceived competence (BF,, = 3.86), and
pressure (BF,,; = 4.28) dimensions. The difference on the
interest dimension was inconclusive (BF,; = 2.13).

Additionally, we evaluated if memory performance in
immediate or delayed recalls correlated with dimensions
on the motivation scale. One Bayesian correlation was con-
ducted on each combination of motivation dimension and
mean percentage of recall for immediate serial and delayed
recall. Moderate evidence supported an absence of cor-
relation between perceived choice and immediate serial
recall performance (BF,,; = 3.73). Evidence for a correla-
tion between immediate serial recall and perceived compe-
tence (BF,, = 1.02), interest (BF;; = 2.52), and pressure
(BF,, = 1.29) were inconclusive. There was moderate evi-
dence supporting a correlation between delayed-recall per-
formance and interest (BF,, = 3.14, r = .33). Evidence for
a correlation between delayed recall and perceived choice
(BF,, = 1.80), perceived competence (BF;, = 1.40), and
pressure (BF,; = 1.99) were inconclusive.

Appendix 3
Lenient immediate recall analyses

We computed a lenient immediate recall scoring, which is
similar to serial immediate scoring but does not take into
account the serial position of the recalled items. Thus, an
item correctly recalled but at a wrong serial position was
considered incorrect in the serial scoring but correct in the
lenient scoring. The analysis on the lenient scoring was con-
ducted similarly to the analysis on serial immediate scoring
in both experiments and led to similar findings.

In Experiment 1, the best model using the lenient scor-
ing included only the main effect of maintenance condition
(BF,( = 5.42e+12). Evidence for the main effect of delayed-
recall awareness was inconclusive (BF,, . ion = 1.91).
There was extreme evidence supporting a main effect of
maintenance condition (BF;jysion = 5.02e+12). There
was strong evidence supporting an absence of interaction
between maintenance condition and delayed-recall aware-
ness (BF ., jusion = 11.76).

In Experiment 2, the best model included the main effects
of CL and reward value (BF;, = 7.09¢+09). There was
extreme evidence for an effect of CL (BF,,jsi0n = 2-67€+03).
There was moderate evidence for an absence of interac-
tion between CL and reward value (BF_,j son = 4.50). CL
also did not interact with rewarded test (BF,, j,qion = 3-58).
Evidence regarding the interaction between the three fac-
tors was inconclusive (BF = 2.95). Additionally, we

exclusion —
found extreme evidence for a main effect of reward value
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(BFi,ciusion = 2-16e+07). Results indicated inconclusive evi-
dence for the main effect of rewarded test (BF,, .1 gion = 2-39)-
Evidence against the interaction between rewarded test and

reward value was moderate (BF,, ,cion = 4-17).
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