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Preschoolers are well known for their poor working memory (WM) performance. This

could result from goal neglect, which would hamper the setting of maintenance strategies.

Previous studies have shown that preschoolers’ WM performance can be improved in

game-like tasks, because they provide cues to support goalmaintenance.However, in these

studies, it was unclear what features of the task (either the main toy or the motor activity

required by the game) provide efficient cues. The aim of the present study was to

disentangle the two features to examine cue effects in 5- to 7-year-old children. No

improvement of WM performance was observed when the toy was a potential goal cue,

whereas themotor activity had a detrimental effect in all age groups. The latter effect could

result from a distraction of attention from attention-based maintenance activities. Hence,

preschoolers’ poor WM performance would not be fundamentally due to goal neglect.

Statement of contribution
What is already known on this subject?
� Goal cues have proved to improve preschoolers’ performance in executive control.

� Motor activity can improve preschoolers’ working memory performance if it is a meaningful activity.

� Motor activity can also decrease children’s working memory if resources need to be shared.

What does this study add?
� Cueing does not improve 5- to 7-year-olds’ working memory performance.

� Walking to the goal is detrimental to working memory performance in all age groups.

� Impaired 5-years-olds’ working memory by walking can be the mark of an early implementation of

an attentional maintenance mechanism.

Background

Working memory (WM) has been studied for more than four decades, and many

conceptions coexist. However, a generic and consensual definition would be that

‘working memory refers to the ensemble of components of the mind that hold a limited

amount of information temporarily in a heightened state of availability for use in ongoing

information processing’ (Cowan, 2016, 14–15). Because of this central role in human
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cognition, WM development is considered as a major source of cognitive development,

and WM capacity is the best predictor of achievement in cognitive tasks and school

achievements (see Camos & Barrouillet, 2018; Gathercole, Lamont, & Alloway, 2006, for

review; Swanson, 1999).
Across childhood, WM capacity increases steadily, although two main developmental

periods can be roughly distinguished. Before the age of 6–7 years, children have

difficulties counteracting the loss of memory traces, which suggests that they either have

no information-maintenancemechanisms available or cannot implement themadequately

(although many questions are still unsolved; see Camos & Barrouillet, 2011). By contrast,

children after the age of 6–7 are able to use various maintenance mechanisms to

counteract memory loss (e.g., Allik & Siegel, 1976; Barrouillet, Gavens, Vergauwe,

Gaillard, & Camos, 2009; Camos & Barrouillet, 2011; Flavell, Beach, & Chinsky, 1966;
Hitch & Halliday, 1983; Oftinger & Camos, 2016, 2017, 2018; Tam, Jarrold, Baddeley, &

Sabatos-DeVito, 2010). To account for the developmental change observed between the

two age periods (i.e., before and after 6–7), it was recently proposed that preschoolers

may neglect the ‘memorize’ goal of the WM tasks (Fitamen, Blaye, & Camos, 2019). This

goal neglect could hence impair the triggering of the maintenance strategies and lead to

the poormemory performance reported in preschoolers and the difficulties to counteract

memory loss. Indeed, it is now well known that preschoolers have difficulty keeping the

goal active during executive control tasks (Chevalier & Blaye, 2008; Marcovitch,
Boseovski, & Knapp, 2007; Marcovitch, Boseovski, Knapp, & Kane, 2010; Yanaoka &

Saito, 2017). It is thus reasonable to think that it could also be at stake inWM tasks that are

executive tasks in that they often request to switch between the maintenance of

information and a secondary task.

In executive control tasks, cues provided to favour the maintenance of the goal have

been shown to reduce goal neglect. Exogenous cues are the type of cuesmostly studied in

the field of executive functions. By presenting an image or hearing a word referring to the

goal of the task to perform in the upcoming trial of a task-switch paradigm, children
improve their executive functioning (e.g., Chevalier &Blaye, 2008).Moreover, the quality

of the cueing influences the goal maintenance. For instance, transparent cues for which

the relation to the goal is obvious are more effective in improving children’s performance

than arbitrary ones (Blaye & Chevalier, 2011; Chevalier & Blaye, 2009; Towse, Lewis, &

Knowles, 2007). The format of the exogenous cues also has an impact on their efficiency.

An auditory-verbal cue is better at helping children maintaining the goal than a visual cue

(Chevalier & Blaye, 2009), bearing support to the hypothesis that goal is maintained in a

verbal code (Gruber &Goschke, 2004). Unlike the auditory-verbal cue, a visual cue needs
to be transcoded to be used. Varying the nature (verbal vs. visual) of a cue presented

during the delay of retention in WM task, Fitamen et al. (2019) showed that a visual cue

(i.e., the drawing of an asexual character pointing a finger to her head in a thinking

attitude) increased the use of articulatory rehearsal while a verbal-auditory cue (i.e.,

hearing the message ‘remember the images’) impaired WM performance. This latter

finding was interpreted as resulting from the interference between the verbal items to

memorize and the cue. Thus, and contrary to what is reported in executive control tasks,

the use of visual cues should be favoured in verbal WM tasks.
It seems likely that aside from exogenous goal cues, some endogenous cues can favour

the maintenance of goal. Considering school-aged children, they generally manage to

engage information-maintenance mechanisms even in the absence of any exogenous

cues. This suggests that they are able to rely on endogenous cues to keep the memorize

goal active enough to trigger these strategies and/or that they are better able to resist to
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distractors that interferewithmemorization during the delay between items encoding and

recall time. As a consequence, when children are engaged in an activity, this creates a

lasting and meaningful connection between encoding and recall times, which may

constitute an endogenous cue that scaffolds the memorize goal maintenance and hence
lead to improved memory performance. The developmental literature offers several

examples of the cognitive benefit of different forms of motor activities. Goldin-Meadow

and colleagues have shown that producing hand gestures during a problem-solving task

can improve cognitive performance to the extent that it makes sense within the task in

which gestures are performed (Cook & Goldin-Meadow, 2006; Goldin-Meadow,

Nusbaum, Kelly, &Wagner, 2001). Furthermore, two independent studies on preschool-

ers’ WM have suggested that a meaningful motor activity such as walking may improve

children’s performance (Bertrand & Camos, 2015; Istomina, 1975).
In an original paradigm developed by Istomina (1975), memory performance of 3- to 7-

year-old children was compared in two situations, one rather static and one in which

children had to move. More specifically, children were either involved in a situation

similar to a laboratory test condition or played a shopping game. In the former situation

akin to a lesson, a list of items was presented and children had to recall it. In the latter, the

list of items was presented as a shopping list and children had to go to a toy shop and ask

for the items to another child playing the merchant. Preschoolers exhibited better recall

performance in the play than in the laboratory condition. Istomina concluded that the
shopping game benefits memory performance by supporting goals of remembering and

recalling (Istomina, 1975). Unfortunately, the contrast between the play and laboratory

conditions included many confounds. When analysed in terms of cueing, the game-like

situation implemented by Istomina (1975) was rich in exogenous cues due to the

presence of a store, the items in the store, the other children, and the experimenter

playing the employees of the store, but also rich in endogenous goal cues. Indeed, because

walking is itself goal-directed and, in contrast with the instructions given at the outset of

the task, lasts during the whole retention delay, it could well play the role of an
endogenous goal cue, that would support goal maintenance in younger children.

Following Istomina (1975, 60), ‘the relationship between the goal and the act [playing]

becomes itself an intrinsic relationship’, as if each childwould embody the goal to achieve.

Recently, Bertrand and Camos (2015) implemented a rather similar game situation to

assess preschoolers’ WM. The task was also a shopping game in which 4- to 6-year-old

childrenhad tomemorize lists of verbal items for further recall either immediately after the

presentation of the items or after a delay. They showed that WM performance improved

when children had to walk straight to a toy shop instead of waiting seated in the front of
the shop during the same delay. Among their interpretations, the authors suggested that

walking being a goal-oriented motor activity, it may have improved goal maintenance in

preschoolers and led to the observed better recall performance. However, in this study,

the impact of the endogenous and exogenous cues cannot be disentangled. To

summarize, both Istomina (1975) and Bertrand and Camos (2015) findings are consistent

in suggesting that an enactment of a situation can help improving preschoolers’ memory,

but for both studies, the respective role of endogenous and exogenous cues cannot be

examined independently.
The present study examined the effect of an exogenous goal cue and amotor activity in

supporting themaintenance of goal in aWM task.Whereas both factorsmay have affected

goal maintenance in previous studies (Bertrand & Camos, 2015; Istomina, 1975), we

aimed at dissociating their respective influence. A shopping stall was used as exogenous

cue and walking played the role of an endogenous cue. The shopping stall provides an
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exogenous cue because it helps maintaining why children had to memorize the series of

fruits and vegetables, and walking can provide an endogenous cue as the end of the walk

coincides with recall time. By orthogonally manipulating both kinds of cues, we designed

four experimental conditions: with or without goal cue combined with or without motor
activity. In linewithworks on the role of goal cueing in executive control tasks and on the

role of motor activities in cognitive tasks, both kinds of cue can be beneficial in

maintaining the goal and thus improve memory performance. However, Fitamen et al.

(2019) provided evidence for an absence of effect of exogenous cues in WM tasks,

questioning whether exogenous and endogenous cues may have different role in WM.

Finally, the association of the two types of cue could create the optimal game-like situation

akin to the condition in which Istomina (1975) and Bertrand and Camos (2015) observed

improvement in preschoolers’ WM performance. Such improvements in WM were
expected in preschoolers because these young children have been described as not using

information-maintenance strategies. However, older childrenwho are supposedly able to

use maintenance strategies and therefore do not need external help to maintain the goal

were also enrolled in the experiment. Indeed, for these older children, one may suspect

that the introduction of a walk could impair WM performance because it is an attention-

demanding task (Hausdorff, Zemany, Peng, & Goldberger, 1999; Lajoie, Teasdale, Bard, &

Fleury, 1993) thatmay interferewith the execution of information-maintenance strategies

relying on attention (Barrouillet et al., 2009; Camos & Barrouillet, 2011).

Method

Participants

Ninety-nine 5-year-olds (Mage = 5;0, SD = 0;4, 42 girls), 83 6-year-olds (Mage = 5;11,

SD = 0;4, 37 girls), and 70 7-year-olds (Mage = 6;11, SD = 0;4, 30 girls) took part in the
experience. The experiments took place at the children’s school in a quiet room. The

experiment was approved by the local ethic committee. Finally, we gathered from the

parents or legal guardians a consent form, and children gave their consent orally before

beginning the experiment. In each age group, children were randomly assigned to one of

the goal cue conditions (i.e., presence vs. absence of the shopping stall) and to one order

of presentation of the motor activity conditions (i.e., with walk then no-walk vs. no-walk

then walk).

After testing, twenty-nine 5-year-old and ten 6-year-old non-native French speakers
were excluded due to poor instruction comprehension and absence of knowledge for the

animal, fruit, and vegetable names in French. Data from one 7-year-old child were

excluded due to dyspraxia,which did not allowhim to finish the animal run task. Thus, the

final sample included 70 5-year-olds, 73 6-year-olds, and 69 7-year-olds (Table 1). Because

children were discarded after testing, this led to similar, but not equal, group size.

Material and procedure
The design was adapted from Bertrand and Camos (2015). The experiment had a mixed

design with two between-subject variables (age and goal cue) and one within-subject

variable (motor activity). Children were randomly assigned to one of two conditions of

goal cue (with vs. without). Moreover, each child had to perform the task with and

without motor activity. The order of presentation of the two conditions of motor activity

was counterbalanced. To assess the homogeneity of the twoexperimental groups in terms
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of WM capacity, every child performed an animal run task (Majerus, Poncelet, Greffe, &

Van der Linden, 2006). The administration of this latter task took place before and on a

different day than the experimental conditions.

In the animal run task, childrenwere told that animals were going to take part in a race
and through headphones, they listened to the name of the animals in the order animals

crossed the finish line. To recall the animal list, children had to reproduce the sequence in

order by placing cards representing the animals they heard on a drawn podium with the

same number of places than the number of animals in the race. The list lengths started

from two animals per list, up to seven. Four trials of each list length were presented. Two

recall scoreswere computed: the number of correctly reproduced lists and the number of

animals recalled in correct position in the lists.

In the first session with the animal run task, we assessed the distance each child can
walk at her own pace in 4 s in a training trial and three test trials. The average distance

walked by each child on the test trials determined the walking distance in the

experimental conditions (see below). The distance was adapted for each child, and it was

on average 4.6 m (SD = 1.3) at 5 years, 5.3 m (SD = 1.2) at 6 years, and 5.5 m (SD = 1.2)

at 7 years.

The second session involving the WM task took place a few days later (9 days on

average). TheWMtaskwas introduced as a gameof ‘grocery shopping’. Before starting the

task, the experimenter verified that the child recognized each plastic items representing
fruits and vegetables. The fruits and vegetables (banana, tomato, orange, lemon, carrot)

were selected to have French bi-syllabic names with high frequency (L�et�e, Sprenger-
Charolles, & Col�e, 2004), but also different shapes and colours to be easily distinguished.

In each condition, children had to memorize a list of 1–5 fruits and vegetables. Four series
were presented in each length, a given item appearing only once in each series. Two lists

were created, one per condition of motor activity (with vs. without) for each child. A trial

startedwhen the experimenter took one fruit and put it in an opaque tube-shaped bag, the

child paying attention to the scene. The itemswere successively introduced in the bag at a
roughly regular rate of one every second, each item being named by the experimenter.

When all the items of the serieswere in the experimenter’s bag, the child had to reproduce

the series by asking to another experimenter (playing the merchant) to place fruits and

vegetables one by one in a transparent bag to allow the visualization of the series. For each

recall condition, the child proceeded to the next length if she producedperfect recall (i.e.,

correct fruits in correct order) on at least one trial of a given length. Each child had to

reproduce series of items in two different conditions (with vs. without walking).

According to their group, a shopping stall was either or not present in the testing room.
For the conditionwithout cue andwithout walk, the child stayed standing in front of

the experimenter. In the condition with cue and without walk, the procedure was

similar, except that, the shopping stall being beside the experimenter, the child was

standing in front of the shopping stall. In the condition without cue and with walk, the

child walked straight in front of her after the presentation of the items and the

experimenter’s signal to ‘go ahead’, while in the condition with cue and with walk, the

child walked straight in the direction of the shopping stall. In all conditions, a signal heard

4 s after the presentation of the items prompted the recall of the items. In the conditions
with walk, this signal also stopped the child’s walk. At that moment, when there was no

cue (no shopping stall), the child turned over to face the experimenter. In the condition

with cue, the merchant appeared on the other side of the shopping stall in front of the

child.

Goal cue and motor activity in working memory 5



A span score was calculated for each child in each condition. Each correctly recalled

series (i.e., in which all the items were correctly placed in the order of presentation)

counted as one-fourth, and the total number of fourths added (Barrouillet et al., 2009;

Bertrand & Camos, 2015; Smyth & Scholey, 1992). Data supporting the findings are fully
accessible online1.

Results

All Bayesian statistical analyses were performed under JASP (2020) (0.14). For each

dependent variable, a Bayesian analysis of variance (ANOVA) was performed using the
default settings. The BF10 of eachmodel (e.g., main effects only, main effects + interaction
effects) was obtained by comparing it to the null model. Our primary aim in choosing

Bayesian analyses was to allow the testing of the null hypothesis in particular for the

exogenous cue effect because Fitamen et al. (2019) reported evidence for the absence of

effect in another type of WM tasks. For the endogenous cue (walk) effect, no specific

priors can be used in our analyses, because the two available studies on this topicwere not

able to disentangle the effects of the two types of cues, as mentioned in the introduction.

Hence, we preferred to keep the default settings to avoid introducing non-reliable values
of priors. A BF10 of 3 ormore is considered substantial evidence for themodel of interest; a

BF10 below one third and conversely a BF01 greater than 3 are considered substantial

evidence for the null model and values around 1 indicate no substantial evidence either

way (Dienes, 2014; Jeffreys, 1961). Similarly, we favoured the best model when its

probability to account for the data was three times greater than the second-best model;

otherwise, both models were taken into consideration, and the examination of the

BFinclusion of the effects included in the models helped choosing the model to favour.

Bayesian analyses of variance (ANOVAs) were performed on the number of correctly
reproduced lists and on the number of animals correctly recalled in correct position,

which are the two scores for the animal run taskwith age groups, goal cue conditions, and

orders of presentation of the motor activity conditions as fixed variables (Table 1). Please

note that the two latter factors are related to our WM span tasks but defined different

subgroups that should have similar performance on the animal run task to be compared in

the main task. For the former score, unsurprisingly, the analysis revealed that the best

model included only the age group effect, BF10 = 5.88 9 106 � 0.01%. However, the

second-best model had only a probability 1.8 smaller than the best model. It included the
effect of the order of presentation of motor activity in addition to the age group effect,

BF10 = 3.18 9 106 � 2.52%. For the second score, results were rather similar, as the best

model included the age effect and the order of presentation effect,

BF10 = 5.36 9 106 � 3.24%, while the second-best model included only the age effect,

BF10 = 1.11 9 106 � 0.01%, but the best model had to be preferred with a 4.8 greater

probability than the secondmodel. To summarize, in both analyses, the age and the order

of presentation of the motor activity account for differences in the animal run scores.

We then examined the BFinclusion for each factor in the models (i.e., a main effect or an
interaction effect), its value for each factor indicates the likelihood of the data under

models that included a given factor compared to all models stripped of the factor, in other

words, computed across matched models. Confirming the models, the BFinclusion for the

1Data supporting the findings can be found by following the present link https://mfr.osf.io/render?url=https%3A%2F%2Fosf.io%
2Frxeqp%2Fdownload
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age effect was 6.71 9 106 and 2.33 9 108 for the first and second score of the animal run

task, respectively. For the order of presentation, BFinclusion was 0.55 and 4.82,

respectively. While the former value is anecdotical, the latter brought further support

for the existence of a group difference according to the order of presentation conditions,
as it also revealed in the models. For the effect of goal cue conditions, this analysis also

confirmed the exclusion of this factor from the model. In both scores, the BFexclusion
2 of

the effect of the goal cue conditions was 5.70 and 5.71, respectively, and the BFexclusion of

the interaction between the age groups and the goal cue conditions was 9.19 and 11.47,

respectively. The BFexclusion of all the other interactions ranged between 2.49 and 11.47.

To summarize, wewere rather confident that our following analyses performed on the

recall score (span) of the task of interest would not be resulting from pre-experiment

differences between the groups assigned to the two conditions of exogeneous cue (walk
vs. no-walk). However, children assigned to the two orders of presentation of the motor

activity unfortunately differed in their score in the animal run task. To take into account

these differences in our analyses on spans, we ran two types of analyses to examine

performance on ourWM task, one on the full sample inwhich the two scores of the animal

run task were introduced as covariables and another for which we created groups paired

on their scores in the animal run task.

The first Bayesian ANOVA was performed on spans with the factors of interest (age,

goal cue, andmotor activity) and the two scores in the animal run task as covariables. The
best model included the effect of age, the motor activity, and the two scores at the animal

run task, BF10 = 5.54 9 1033 � 1.20%. This model had a probability slightly greater than

the second-best model, BF10 = 4.59 9 1033 � 1.06%, which was similar to the best

model but without the first score of the animal run task. The third model, which differed

from the best model by the addition of the goal cue effect, provided a poorer account of

the data, BF10 = 1.80 9 1033 � 1.74%. We then examined the BFinclusion for each factor

in the models. Three factors were associated with a large BFinclusion: the age effect,

BFincl. = 6942.26, the motor activity, BFincl. = 859.91, and the second score at the animal
run task BFincl. = 42.483. For the first score at the animal run task, the BFincl. was 1.29.

Such BF value is considered as anecdotal at best (Jeffreys, 1998). All the other effects have

BFexclusion larger than 3, between 3.07 and 11.08.

To run the second Bayesian ANOVA, we created paired groups. The previous analyses

showed that larger differences between groups emerged for the second score at the

animal run task that also appeared to account more for the data in the previous analysis

than the first score at the animal run task. Hence, within each condition of goal cue and

within each age group, we paired children from the two orders of presentation of the
motor activity conditions on their second score at the animal run task (at +/– one point).
This pairing process led to discarding some children but to equal group sizes (Table 2).

We checked that the pairing did result in the disappearance of differences on scores in the

animal run task. A Bayesian ANOVA was performed on each score of the animal run task

with age groups, goal cue condition, and order of presentation of the motor activity

conditions as fixed variables. For both, the best model included only the age effect,

BF10 = 1.25 9 106 � 0.01% and BF10 = 1.31 9 109 � 0.01%, for the first and second

scores, respectively. The second-bestmodel,which included age and goal cue effects, had
a probability 3.4 and 4.4 smaller than the bestmodel, respectively. The examination of the

2We chose to report here the BFexclusion, which is 1/BFinclusion for sake of clarity because it gives evidence for the exclusion of the
factor.
3 Effect size for these effects was n2p = .12, <.01, and .05, respectively.
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BFinclusion and BFexclusion confirmed the best model, because the BFinclusion for the age

effectwas 1.35 9 106 and 1.36 9 109while theBFexclusion for the goal cue effectwas 3.45

and 4.38, respectively. As expected, the BFexclusion for the order of presentation was 5.39

and 5.14, respectively. The BFexclusion for the interactions ranged from 3.25 to 7.84, and
3.93 to 7.87, respectively.

The secondBayesianANOVAon spans of ourWM taskwas runwith age and goal cue as

between-subject variables andmotor activity aswithin-subject variable for childrenpaired

on the second score at the animal run task. The bestmodel involved the effect of age andof

motor activity, BF10 = 8.87 9 109 � 6.0%. Thismodel had a probability 3.5 times greater

than the second-best model to account for the data, BF10 = 2.57 9 109 � 1.7%. The

second-bestmodel included the threemain effects of age,motor activity and goal cue. The

examination of BFinlcusion brought further support to the bestmodel. The BFinclusion for the
age effect, BFincl. = 5.91 9 107, and the motor activity, BFincl. = 153.114, were large,

while the BFexclusion exceeded 3 for the goal cue effect, BFexcl. = 3.45. The BFexclusion for

the interactions ranged between 4.55 and 6.89, except for the age 9 goal cue interaction,

for which the BFexclusion was 1.18. It could be noted that this interaction appeared on the

third-best model, BF10 = 2.24 9 109 � 5.4%, which has a probability four times smaller

than the best model.

Finally, a similar Bayesian ANOVA was performed with the addition of the order of

presentation of themotor activity. The bestmodelwas the same as in the previous analysis
with the effect of age and of motor activity, BF10 = 8.45 9 109 � 2.1%. This model had a

probability 2.8 times greater than the second-best model to account for the data,

BF10 = 3.08 9 109 � 2.9%. The second-best model included the effects of age, motor

activity, order of presentation, and the interaction between the motor activity and its

order of presentation. The third model, which involved the effect of age, motor activity,

and goal cue had a probability 3.2 times smaller than the best model,

BF10 = 2.64 9 109 � 3.3%. The examination of BFinlcusion brought more support to the

best model than to the second-best model, because only the BFinclusion for the age effect,
BFincl. = 5.38 9 107, and the motor activity BFincl. = 150.435, were large, while the goal

cue, the order of presentation, and the interaction of the motor activity and its order of

presentation were associated to BFexclusion that support their exclusion from the model,

BFexcl. = 3.30, 3.53, and 4.48, respectively.

To conclude, across the different analyses, our findings were rather congruent. Spans

were unsurprisingly larger for older children, but decreased when children had to

perform amotor activity. However, contrary towhatwas reported in previous studies, the

introduction of a goal cue (here a shopping stall) had no effect on recall performance.
Finally, these findings were not modulated by age.

Discussion

This experiment examined the impact of goal cue and motor activity on 5- to 7-year-old

children’s WM. Our aim was to disentangle the effect of exogenous and endogenous
factors on recall performance. Our assumption was that children younger than 6-7 years

of agewould benefit from these two factors to effectivelymaintain the goal of thememory

task and improve their recall performance. As exogenous cue, we introduced a shopping

4 Effect size for these effects was n2p = .07 and <.01, respectively.
5 Effect size for these effects remained n2p = .07 and <.01, respectively.
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stall in a WM span task akin to a shopping game. The endogenous cue was a motor

(walking) activity, because walking is considered as a goal-oriented activity. Contrary to

our hypotheses, we did not observe any improvement of WM performance in conditions

with the shopping stall as potential goal cue in any of the age groups. Moreover, a
detrimental effect of walking was observed in all age groups, contrary to our hypothesis

that walkingwould only reduce recall performance in the older children because it would

distract attention from attention-based maintenance activities. The results thus appeared

at odds with those of Istomina (Istomina, 1975) and of Bertrand and Camos (Bertrand &

Camos, 2015), in which recall performance was improved in a game situation, which

included both a goal cue and a motor activity. However, several elements in our

experimental procedure differed from these previous studies.

First, in Bertrand andCamos’ study (2015), children had to reconstruct the sequenceof
fruits and vegetables by retrieving in order from a box the previously memorized items.

Our experience required a serial oral recall. This difference could account for the

divergence in findings. Indeed, children involved in a reconstruction task may be less

inclined to set up a maintenance strategy knowing that the items would be presented

again during the recall phase. A reconstruction task can be performedby appealing only to

the familiarity of the memory traces previously encoded in long-termmemory (LTM) (see

Yonelinas, 2002, for a review), without the active maintenance of information in WM,

while serial recall tasks would rely on recollection through the retrieval of specific details
of the memory items (Malmberg, 2008). Several dual-process models distinguish the two

processes of familiarity and recollection (e.g., Jacoby, 1991;Mandler, 1980; Tulving, 1985;

Yonelinas, 1994).

Second, contrary to our procedure in which items have to be maintained for a short 4-

second duration, Istomina reported delays of 60–90 s between the encoding and the

recall phases. Recall after such long retention intervals indicated that information was

probably retrieved from LTM in Istomina’s procedure and not from WM. As a

consequence, in both Bertrand and Camos (2015) and Istomina (1975), retrieval from
LTM could (at least partly) underlie recall, while the serial oral recall after a short delay of

retention used in our experiment requires an active maintenance in WM. Thus, the

beneficial effects reported by Istomina (1975) and Bertrand and Camos (2015) may be

specific to LTM processes. Further studies are needed to examine whether the impact of

goal cue andmotor activity onWMdependson the recall type. Itmay be suggested that the

type of recall testwouldmodulate the effects of cueing. According to the literature and the

current study, cues should have a beneficial effect on preschoolers’ performance in

reconstruction tasks but not in serial recall tasks.
Our findings also questioned how motor activity impacts WM performance. By

contrast to the literature that reported a beneficial effect of walking onWM performance

in 9-year-olds (Schaefer, L€ovd�en, Wieckhorst, & Lindenberger, 2010), we observed a

detrimental effect when walking while maintaining information in 4- to 6-year-old

children. Although Schaefer et al. (2010) reported a detrimental effect of walking when a

lower walking pace was imposed to children, the beneficial effect appeared when

children walked at their own pace. Indeed, children did walk at their own pace in the

present experiment, as the distance towalkwas defined for each child, based on a pretest,
in order to keep the retention delay equivalent across participants. Nevertheless, walking

did not result in any improvement in our experiment. Schaefer et al. (2010) explained

their results by an activation of cognitive resources throughwalking that are then available

for theWMtask.On the contrary,we think thatwalking imposes a supplementary demand

on attention, which may compete with the maintenance activities, like attentional

Goal cue and motor activity in working memory 11



refreshing (see Camos et al., 2018, for review). In fact, walking, even if it is relatively

automatic and low-demanding in adults, requires the recruitment of some attentional

resources to set the motor program up and carry it out correctly (Lajoie et al., 1993).

However, maintaining information in WM also requires some attentional resources,
particularly to implement an attentional refreshing. According to the time-based resource-

sharingmodel (Barrouillet, Bernardin, &Camos, 2004), these attentional resourceswill be

shared between the maintenance of the information and any other task that requires

attention, such as the walk in our study. As previously showed by Portrat, Camos, and

Barrouillet (2010), the programming of a motor task can have detrimental effect on the

concurrent maintenance of information in WM, an effect that is commensurate to the

duration duringwhich attention is needed for themotor programming. Nevertheless, this

explanation would be plausible if young childrenwere able to implement this attentional
maintenance mechanism, which is exactly what we tried to trigger with the introduction

of cues. Hence, the detrimental effect of walking can be conceived as a sign that young

children actually implemented some maintenance strategies.

However, it remains possible to suggest that the detrimental effect of themotor activity

may result from other differences between the walk and no-walk conditions. In the no-

walk conditions, the auditory signal prompted the recall phase, while in the walk

conditions, it has the dual function to stop the walk and prompt the recall. One can

envision that such a dual function would increase cognitive load, resulting in the reduced
memory performance observed in the walk conditions. However, we doubt that this was

the case. In the walk conditions, when the shopping stall was present, children stopped

walking when they arrived at the shop. Although the signal was played at about their time

of arrival, being at the shop was the obvious end of their walking activity. Things are

different when the shopwas absent as in this condition the auditory signal has indeed this

dual function to stop the walk and prompt recall. Hence, if the dual function of the signal

induced a cognitive load that reduces memory performance, one should expect an

interaction between the motor activity (walking conditions) and the goal cue (presence
vs. absence of shop). However, our analyses did not provide any evidence in favour of this

interaction. On the contrary, the BFs were for the exclusion of this interaction in the

model, which led us abandon this alternative account to explain the detrimental effect of

the motor activity.

Finally, although the walk has a detrimental effect on the memory performance, it

should be noted that the effect size was rather modest in preschoolers with typical

development. Although such an effect has strong implications for understandingmemory

functioning, it is rather fortunate that human motor activity does not impair strongly the
WMmaintenanceof information, often required for directing action and solving the task at

hand (see Baddeley, 2007, for the role of WM on action). Nevertheless, such a negative

impact of a motor activity, even for a strongly automatized activity as walking, should not

be neglected in educational settings, especially for children presenting learning

difficulties (e.g., children with attention deficit hyperactivity disorder, ADHD). The

concurrent performance of a motor activity often seen as a modest and negligible

requirement can have detrimental consequences on cognitive performance. Recently,

fidget spinners were sold as the miracle solution to the attention difficulties of ADHD
children. However, their detrimental effect on attention, in line with the current findings,

had been evidenced (Graziano, Garcia, & Landis, 2020). Hence, avoiding or reducing as

much as possible any kind of motor activities during a cognitive task requiring attentional

resources in classroom as well as in reeducation should be recommended.
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Conclusions

To conclude, the present experiment provides evidence that exogenous cue does not

help preschoolers to improve their WM performance. This contrasts with what is

observed in executive control tasks, such as inhibition or task switching. As consequence,
it can be put forward that the poorWMperformance regularly reported in preschoolers is

not related to any goal neglect that would hamper their maintenance strategies (see also

Fitamen et al., 2019, for similar conclusion). Nevertheless, one can also suggest that this

conclusion is restricted to WM task with serial recall and that performance in

reconstruction or recognition tasks would benefit from the introduction of cues.

Moreover, our findings also highlighted how a daily-practised motor activity such as

walking can be demanding enough in young children to reduce their abilities to maintain

information in short term. This result is in linewithWM theories inwhich a common pool
of domain-general resources has to be shared between controlled activities (e.g.,

Barrouillet & Camos, 2015; Cowan, 2005; Engle, 2002). This also exemplifies how diverse

are the tasks that can impact children’s WM performance.
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