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Enhancing visuo-spatial working memory: the role of visual support 
in preschoolers and adults
Christophe Fitamena, Agnès Blayeb and Valérie Camosa

aDepartment of Psychology, University of Fribourg, Fribourg, Switzerland; bCentre de Recherche en Psychologie et Neuroscience (UMR 7077), 
Aix-Marseille Université & CNRS, Marseille, France

ABSTRACT  
Working memory is crucial in cognitive functioning, and environmental cues may enhance its 
performance. This study examines the role of visual support in promoting and aiding memory 
strategy. The aim was to determine whether visual placeholders can scaffold mnemonic 
processes for children and adults. Experiment 1 assessed the ability of 3.5 – to 6-year-olds to 
use visual support for visuo-spatial rehearsal, while Experiment 2 examined the influence of 
visual support in adults’ working memory. Children demonstrated improved recall with visual 
support, which could indicate the early use of visuo-spatial rehearsal strategies. Young adults, 
especially those with lower working memory spans, also benefited from visual placeholders, 
suggesting that environmental support promotes and scaffold strategy implementation. The 
findings revealed that visual support plays a role in enhancing working memory performance. It 
facilitates rehearsal strategies, benefiting individuals across the lifespan, especially those with 
less efficient mnemonic strategies.
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Introduction

Working memory is an essential structure in children’s 
cognitive functioning, which allows to maintain and 
process information. Due to these central cognitive func
tions, the capacity of working memory is a good predic
tor of children’s academic achievement (Camos & 
Barrouillet, 2018; Gathercole et al., 2006; Swanson, 
1999). In the visuo-spatial and verbal domains, working 
memory capacity increases with age. For example, in 
the Corsi’s block tapping test, which is a spatial task 
where the locations to be memorised are sequentially 
indicated, 4-year-olds show a span (i.e. the maximum 
amount of information that can be maintained in 
working memory) of 2.5–3, which grows to 4.5–5 in 10- 
year-olds (Orsini et al., 1987). The reasons for the age- 
related increase in working memory capacity are still 
debated, and several mechanisms have been evoked 
to account for this increase (e.g. change in the content 
of long-term memory, increase in processing speed, 
and increase in attentional capacity, see Camos & Bar
rouillet, 2018; Pickering, 2001, for reviews). Beyond the 
knowledge of the development of working memory, 
other studies have looked at the possibility of helping 
preschoolers to use their working memory more 

effectively. The present study aimed to enhance the 
weaker visuo-spatial working memory performance in 
preschoolers and adults by enriching the task’s environ
mental context.

One approach that has been used for many years is to 
explicitly train young children in memorisation strategies, 
such as the articulatory rehearsal, to bolster their working 
memory skills. Articulatory rehearsal is a practice that 
involves repeatedly vocalising or mentally reciting 
verbal material to be memorised (Baddeley, 1986, 2012). 
This process enhances the retrieval of information. Most 
rehearsal training programmes revealed either comple
tely ineffective one week after learning the strategy in 
6.5 – and 7-year-olds (Hagen et al., 1973), or at best are 
effective for 65% of 7-year-old children (Gruenenfelder 
& Borkowski, 1975). In young adults, rehearsal training 
also does not lead to improved memory performance. 
Training young adults to perform rehearsal increases 
their repetition rate but does not improve their recall per
formance in a complex span task (Souza & Oberauer, 
2020), a task typically used to measure working 
memory. However, other studies show that it is possible 
to train preschoolers to engage in rehearsal while 
having a positive impact on memory performance. In a 
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Brown-Peterson task, after training children aged 5–9 to 
use rehearsal, where they were told they would be 
shown a great way to remember, children of all ages 
improved their recall (Miller et al., 2015). The effect, 
however, was observed immediately after the strategy 
demonstration. Though, a longer-term effect was 
achieved with kindergartners, where rehearsal training 
improved memory scores in a simple span task after 
one week (Asarnow & Meichenbaum, 1979). This evidence 
of improved short-term verbal memory performance in 
preschoolers suggests that children under 7 years of 
age can implement maintenance strategies if encour
aged, while there is little evidence to suggest that pre
schoolers are capable of rehearsing. The visuo-spatial 
domain appears to have been less explored. Thus, we 
are investigating in Experiment 1 the possibility of 
encouraging young children in implementing a visuo- 
spatial working memory maintenance strategy.

Delving deeper into the mechanics of rehearsal in 
working memory, particularly concerning spatial infor
mation, it is posited that this involves an intentional 
focus of attention or gaze on the items to be remem
bered. The seminal work by Hale et al. (1996) demon
strated that when participants’ gaze was diverted from 
a grid during a secondary task, their spatial memory 
suffered, underscoring the importance of visual rehear
sal. Lawrence et al. (2001) further elucidated this 
phenomenon, showing that eye movements specifically 
disturb visuospatial, but not verbal, working memory, 
suggesting that rehearsal processes are domain- 
specific. Building on these foundations, Tremblay et al. 
(2006) provided empirical evidence that visual rehearsal 
of spatial locations during retention intervals enhances 
memory for sequences. Earlier, Awh et al. (1998) and 
Posner (1980) proposed that even without explicit eye 
movements, spatial locations can be rehearsed 
through covert shifts of attention. More recently, it has 
been effectively demonstrated that overt eye move
ments do not significantly enhance the rehearsal of 
visuo-spatial information in working memory compared 
to covert attention (Godijn & Theeuwes, 2012). This idea 
was previously proposed by Baddeley (1986), who 
suggested that the memorisation of locations might 
involve an implicit eye-movement programme.

An experimental design where a visual support was 
present, as a grid, seems to be beneficial to working 
memory performances. Using a Brown-Peterson para
digm, Morey et al. (2018b) featured a puppy appearing 
in various locations on a screen, which were to be mem
orised by 5–7-year-old, 8–11-year-old children and 
adults. At the end of the location presentation, all 
locations visited by the puppy were outlined in colour 
during the 10-second retention interval. This study did 

not aim to aid memorisation via a visual support but 
to measure the use of a gaze-bazed rehearsal mechan
ism. Indeed, the authors observed the use of a gaze- 
bazed rehearsal mechanism at any age and indicated 
that younger children overtly fixed more of the to-be- 
remembered sequences. The authors interpreted this 
finding as evidence of the use of a visuo-spatial rehearsal 
in all age groups, and particularly in children younger 
than 7. Hitch et al. (1988) already showed that 5-year- 
old children use a visual component of working 
memory to retain drawings. Thus, it is therefore possible 
to think that such placeholders could increase the 
working memory skills of young children even without 
receiving instructions about them.

The study by Lilienthal et al. (2014) provides empirical 
support for the hypothesis that environmental supports 
can enhance working memory performance. The 
authors presented young adults with a visuospatial 
simple span task where 30 circles were displayed on a 
screen and one of these circles was randomly displayed 
in red. Between each presentation of the red circle, the 
30 circles remained displayed on the screen and rep
resented an environmental support for 1000 ms or 4000 
ms, or they disappeared from the screen for the same 
amount of time. The adults correctly recalled significantly 
more red circle positions in condition with environmental 
support rather than in condition without environmental 
support. For Lilienthal et al. (2014), this result suggests 
that the presentation of an environmental support 
improves performance in visuospatial memory. According 
to the authors, the support might offer more opportu
nities to engage in elaborate processing like visual rehear
sal and/or it would help in retrieving locations to 
remember using the array as a cue. This effect appears 
to be robust to individual development because the 
same pattern of results has been found in older adults 
(Lilienthal et al., 2016). For the authors, this result 
suggests that environmental support improves perform
ance by facilitating engagement in elaborate strategies 
like visuo-spatial rehearsal or cueing retrieval of the to- 
be-remembered locations (Lilienthal et al., 2014). Similar 
improvement has been replicated with simultaneous, 
instead of sequential, presentation of the locations in a 
grid during the interval of retention compared to a con
dition when the screen was blank (Souza et al., 2020).

Based on the facts that rehearsal training have mixed 
results while an environmental support could help 
memory performance, we proposed in the present 
study an experimental design, which aimed to test the 
influence of an environmental support on visuospatial 
working memory performance in children from 3.5 to 6 
years old. Instead of training children explicitly, we have 
enriched the task environment to provide opportunities 
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for children to implement information maintenance strat
egies more easily. Our study proposed a design inspired 
by Morey et al. (2018a), while not pursuing the same 
objective of identifying whether attentional resources 
are shared between storage and processing in children. 
We also chose to use a complex span task, which is the 
other most used working memory paradigm besides 
the Brown-Peterson task, and to implement a different 
methodology by evaluating the impact of placeholders. 
In the main memory task, we took up the idea of display
ing an animal to memorise on a grid presented in front of 
a countryside landscape. In the concurrent task, children 
were asked to rate whether the animal displayed on the 
grid was presented in a normal orientation or upside 
down. But unlike the study by Morey et al. (2018a), 
during a delay following the evaluation of the orientation 
of the animal, the presence of the grid was manipulated 
in our study. The grid remained on the screen or disap
peared between presentations of the animal. By leaving 
the visual support (i.e. the grid) available, we thought it 
would help the early use of a visual rehearsal strategy. 
The early implementation of the visual rehearsal strategy 
would be evidenced by an increase in recall performance 
in the presence of the visual support from an early age.

Compared to Morey et al. (2018b) and Morey et al. 
(2018a), we extended the age range, starting at 3.5 years, 
with age groups differing from only 6 months to each 
other to better track the age at which children can 
implement a maintenance strategy. If children, particularly 
the youngest, remain passive and do not implement any 
kind of maintenance strategy, the presence of place
holders should not impact their performance. Alterna
tively, if children are able to implement a visuo-spatial 
rehearsal strategy, the placeholders should encourage 
them to do so. Then, in addition to the encouragement 
to use a strategy, the placeholders should help them to 
do so more efficiently, leading to an improved recall per
formance, as previously reported in adults (Lilienthal 
et al., 2014; Souza et al., 2020). Experiment 1 tested the 
impact of environmental support on working memory per
formance in preschoolers. Without disclosing the findings 
of Experiment 1, we extended the hypothesis of support 
assistance to a population of young adults in Experiment 2.

Experiment 1

Experiment 1 involved six groups of children, aged half a 
year apart between 3.5 and 6 years of age performing a 
complex span task, in which children had to memorise 

the location of the houses sequentially visited by a char
acter (a teddy bear), while judging the position (upward 
vs downward) of the bear in each house. During the 
retention interval following each evaluation of the pos
ition of the teddy bear, the presence of houses was 
manipulated: they either remained on the screen provid
ing support to a visuo-spatial rehearsal or disappeared. 
The absence of effect on memory performance would 
evidence the passive maintenance of visuo-spatial infor
mation in children, while the beneficial effect would 
mark the fact that children were able to implement a 
visuo-spatial rehearsal strategy.

Method

Participants
Twenty-one 3.5-year-olds (Mage = 3;7, min: 3;0, max: 4;2, 
SD = 0;4, 14 females and 7 males), twenty-eight 4-year- 
olds (Mage = 3;10, min: 3;0, max: 4;8, SD = 0;6, 18 
females and 10 males), twenty-eight 4.5-year-olds 
(Mage = 4;7, min: 4;0, max: 5;1, SD = 0;4, 18 females and 
10 males), thirty-five 5-year-olds (Mage = 5;0, min: 4;5, 
max: 5;8, SD = 0;4, 13 females and 12 males), twenty- 
eight 5.5-year-olds (Mage = 5;6, min: 4;11, max: 5;10, SD  
= 0;3, 18 females and 10 males), and twenty 6-year- 
olds (Mage = 6;1, min: 5;6, max: 7;5, SD = 0;5, 8 females 
and 12 males) took part in the experiment.1 Our 
sample was schooled in two countries (3 educational 
levels in each country, Switzerland and France) that 
differed on the age children start preschool. Hence, chil
dren in the 3.5, 4.5, and 5.5-year groups were schooled in 
France, while the other groups were schooled in Switzer
land. The age groups were constituted based on school 
years, as these have a greater impact on memory per
formance regardless of children’s age (Davidson et al., 
2023; Rogoff, 1981). Children were all French speakers. 
The experiment took place in a quiet room at the chil
dren’s school. The experiment was approved by the 
Internal Review Board of our department. We gathered 
from the parents or legal guardians a consent form, 
and children gave their assent orally before beginning 
the experiment.

Data from additional participants were discarded due 
to poor instruction comprehension (two 3.5-year-old, 
four 4.5-year-old, three 5-year-old, two 5.5-year-old, 
and one 6-year-old children), a span score of 0 in at 
least one of the two experimental conditions (seven 
3.5-year-olds, four 4-year-olds, two 4.5-year-olds, and 
three 5-year-olds), because their mean response time 

1Two classes were recruited for each age group to reach similar sample size as in Morey et al. (2018b). According to ethic regulations, neither the ethnic group 
nor the social class of the children was recorded, because the study has no specific hypotheses about these data, only the sex (binary) of the children was 
collected for sample description purpose.
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to the position task exceeded from 3 standard deviations 
(SDs) the mean time of their age group in at least one of 
the two conditions (one 3.5-year-old, one 4-year-old, one 
4.5-year-old, and one 5-year-old child), or their perform
ance in the position task was below the chance level 
(<60%; one 4-year-old). In 3.5-year-olds, nine out of 
twenty-one children presented a judgement score of 
the position below 60%. However, we decided not to 
exclude any 3.5-year-olds on this criterion to maintain 
an acceptable population size. The position task may 
have been difficult for the 3.5-year-olds, but this does 
not undermine the dual task.

Material
The task was presented on a laptop with a 13-inch 
screen and was built with E-Prime 2.0 (Psychology Soft
ware Tools, Pittsburgh, PA, USA, 2012). The teddy bear 
appeared in a pseudo-random order in one of the 6 
houses (i.e. 3.3 × 3.7 cm rectangles) distributed in a 
countryside background picture (Figure 1). In each 
trial, the teddy bear appeared in 1–5 houses with four 
trials for each length. The teddy bear could either 
appear in a nearby house or in a distant house over 
two successive locations and could not reappear in the 
same house within the same trial. Because the complex
ity of paths formed by to-be-remembered locations can 

impact recall performance (Parmentier & Andrés, 2006), 
we controlled for it and created two lists of pseudo- 
random order of appearance of the teddy bear in the 
different locations. In each list, the number of times 
the teddy bear continued its path two houses apart 
from the previous location was identical between exper
imental conditions. These lists were counterbalanced 
across conditions and participants (see at https://osf.io/ 
42769/?view_only = 03dc504e776c490a890f64dc74988 
9bd).

Procedure
Children completed a complex span task. They had to 
memorise the sequence locations in which a target 
(teddy bear) was displayed, while a concurrent task 
required judging the target’s position (upward vs. down
ward) in each location. The target remained visible in a 
location until children responded to its position, and 
then disappeared for 2500 ms before reappearing in a 
new location. In each house, the target was displayed 
either the right way up or upside down. Children had 
to press one of two keys to indicate the target’s position. 
A picture of each position was displayed behind each 
key to remind children of their meaning.

At the beginning and at the end of the 2500 ms delay, 
the houses remained empty for 250 ms. In the remaining 

Figure 1. Illustration of the conditions presented in Experiment 1, showing a trial of length of 2. Screens that differed between con
ditions are circled in black.
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2000 ms interval, either all 6 empty houses remained on 
screen providing visual support (With-support con
dition) or no visual support was provided and only the 
countryside background remained on screen (Without- 
support condition; Figure 1). Each child completed 
both conditions in a counterbalanced order and was 
not informed of the change of conditions between 
blocks. At the end of a trial, a question mark appearing 
in each house prompted the onset of the recall phase. 
The child was instructed to point successively at each 
house visited by the teddy bear in the order of appear
ance. As the screen was not a touch screen, an exper
imenter seated next to the child recorded their 
answers on a numeric keypad.

The session started with a practice phase. First, chil
dren practiced the position task. The teddy bear 
appeared upright or upside down in one of the 6 
houses in a pseudo-random order, six times in a row. 
Children had to press the corresponding key on the key
board to judge the position of the teddy bear each time 
it appears. During this training phase, only the key corre
sponding to the correct answer could work. Therefore, 
the child was required to answer correctly to proceed 
to the next trial. Otherwise, nothing happens if the 
child presses the wrong key. Second, children practiced 
memorising the teddy bear’s locations. Memorisation 
practice contained one trial in length 1 and 2. Each 
trial proceeded in the same way as the experimental 
phase described earlier, and the experimental condition 
presented during the training was identical to that by 
which the child would begin the experiment. After prac
tice, each child completed the two conditions in a coun
terbalanced order. For each condition, there were five 
sequences, starting from length one to length five, 
with four trials per sequence, making a total of twenty 
trials. A condition would end if all four trials of a given 
length were incorrect. Recall was considered correct 
when all locations were recalled in the order of presen
tation with no omissions or additions. Regardless of 
where the first presented condition ended, the partici
pant continued the experiment by completing the 
remaining condition. Thus, all participants completed 
both conditions. The testing session lasted a maximum 
of 20 min.

Data analysis
Response time and accuracy were recorded for the con
current position task. A span score was calculated for 
each child in each condition. Each correctly recalled 
series of a given length (i.e. in which all the locations 
were correctly recalled in the order of presentation) 
was attributed a score of .25, leading to a maximal 

score of 1 point per length (Barrouillet et al., 2009; Ber
trand & Camos, 2015; Smyth & Scholey, 1992).

All Bayesian statistical analyses were performed using 
JASP 0.16.4 (2022). For each dependent variable, a Baye
sian analysis of variance (ANOVA) was performed using 
the default settings (prior probability of 0.5). We used 
a uniform distribution for the priors, as this is the 
default setting in JASP. Bayesian t-tests analyses were 
also conducted using the default settings (prior prob
ability of 0.707). For the t-tests, we used a Cauchy distri
bution, which is the default setting in JASP. The BF10 of 
each model (e.g. main effects only, main effects + inter
action effects) was obtained by comparing it to the 
null model. A BF10 of 3 or more is considered substantial 
evidence for the model of interest; as a BF01 superior of 3 
is considered substantial evidence for the null model 
and values between 1 and 3 indicate an anecdotal or a 
weak evidence either way (Dienes, 2014; Jeffreys, 
1961). Then, a BF10 or BF01, respectively testing the 
alternative hypothesis or testing the null hypothesis, 
between 10 and 30 is strong evidence, 30–100 is very 
strong, and over 100 is decisive according to Jeffreys. 
Similarly, when comparing two models, 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 con
sideration, and the examination of the BFinclusion and 
BFexclusion of the effects included in the models helped 
choose the model to favour. The value for each factor 
of the BFinclusion or BFexclusion indicates the likelihood of 
the data under models that included or excluded a 
given factor compared but were otherwise identical. 
For clarity, we reported the BF10 and BFinclusion for evi
dence in favour of the alternative hypothesis, and the 
BF01 and BFexclusion, which is 1/BF10 and 1/BFinclusion, for 
evidence in favour of the null hypothesis. Finally, for 
repeated measures ANOVAs that included at least one 
between-subject factor, we have reported the 95% 
confidence intervals for the mean estimates derived 
from the within-subjects comparisons, calculated using 
the T distribution model.

Results

Anonymized data are available at https://osf.io/42769/? 
view_only = 03dc504e776c490a890f64dc749889bd.

Detailed analysis of the accuracy and the response 
times on the concurrent position task was reported in 
detail in analytical appendices. To summarise, conditions 
did not impact either of these measures, while an age 
effect was observed for both: position mean accuracy 
increased with age (75% at 3.5 years, and above 96% 
from 4 years onward, see Table A1 for the complete 
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descriptive analysis); the mean response times decreased 
with age (from 4718 ms at 3.5 years to 2451 ms at 6 years).

A Bayesian ANOVA was performed on memory span 
scores with the condition (Without-support vs. With- 
support) as a within-participants factor (Figure 2), 
while Age groups, Condition Order, and Lists of 
sequences were entered as between-participants 
factors. The analysis revealed that the six first models 
did not differ from each other (Table 1).

To depart the models from each other, we examined 
the BFinclusion for each factor in the models. In line with 
the second-best model, which was also the most parsi
monious, the BFinclusion for Age and Condition were 
7.98 × 1015 and 1.85 × 109, respectively. The BF for the 
other factors did not support their inclusion to account 
for the data: BFinclusion = 1.01 for order and 1.04 for Age 
x List interaction, BFexclusion = 1.45 for List and between 
1.68 and 6.48 for all the other interactions. In particular, 
it should be noted that the Age x Condition interaction 
had a BFexclusion of 5.05. Thus, span scores increased 
across Age groups, and the presence of the placeholders 
has a beneficial effect on span scores in all Age groups 
with evidence against an interaction between Age and 
Condition (Figure 2).

We tested how much the presence of the visual 
support allowed children to get ahead of the develop
ment of working memory. To assess if the support 
brought the performance of younger children close 
to the performance of the older children, we com
pared younger children spans in the With-support 
condition with the spans of older children in the 
Without-support condition, looking at age differences 
of 6 months and 1 year (e.g. 3.5 years old With- 
support vs. 4 years old and 4.5 years old Without- 
support). When contrasting with the 6-month older 
children, the Bayesian t-tests showed anecdotal to 
substantial evidence in favour of the null hypothesis 
(BF01 = 2.73 ± .007%, 2.61 ± .009%, 3.60 ± .011%, 3.43  
± .011%, and 3.29 ± .006% when the younger group 
was 3.5, 4, 4.5, 5, and 5.5, respectively). The support 
brought the performance of the younger children 
close to the one of children 6 months older. Yet, 
when contrasted with the performance of 1-year 
older children, most of the Bayesian t-tests were sup
porting a difference in span scores, although these 
results could be interpreted as anecdotal evidence 
that does not decidedly support any hypothesis 
(BF10 = 1.48 ± .008%, 1.93 ± .009%, 0.89 ± .009%, and 

Figure 2. Mean span as a function of Age groups (in years) and visual support Conditions (Without-support vs. With-support) in Exper
iment 1. Vertical bars represent 95% confidence interval for the within-subjects comparison.

Table 1. The six best models including main effects and interaction with their BF10.
Model Age Condition Order List Interaction BF10

1st x x x 9.72 × 1024 ± 2.01%
2nd x x 9.17 × 1024 ± 1.03%
3rd x x x 7.40 × 1024 ± 14.41%
4th x x x x Age x List 6.94 × 1024 ± 5.69%
5th x x x Age x List 6.41 × 1024 ± 2.00%
6th x x x x 6.24 × 1024 ± 1.92%.
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1.30 ± .008% when the younger group was 3.5, 4, 4.5, 
and 5, respectively).

Finally, we have conducted a new analysis of the 
developmental gain allowed by the support by reorga
nising the grouping of children according to their ages 
rather than their school levels as previously done. By 
grouping children according to their school levels, it 
created age overlaps between adjacent age groups, 
and this could question our findings of 6 month devel
opmental advance due to the support. Alternatively, 
we regrouped children based on their actual ages, 
rather than their school levels, with a maximum of 6 
months between the youngest and the oldest child in 
each group and without age overlap between the 
groups.2 As in the previous analysis, we compared the 
spans of younger children in the With-support condition 
to the spans of older children in the Without-support 
condition, looking at age differences of 6 months and 
1 year. When contrasting with the 6-month older chil
dren, the Bayesian t-tests showed anecdotal to substan
tial evidence in favour of the null hypothesis (BF01 = 1.25  
± .009%, 3.30 ± .009%, 3.74 ± .011%, 2.85 ± .011%, and 
2.79 ± .002% when the younger group was 3.5, 4, 4.5, 
5, and 5.5, respectively). The support brought the per
formance of the younger children close to the one of 
children 6 months older. Yet, when contrasted with 
the performance of 1-year older children, most of the 
Bayesian t-tests were supporting a difference in span 
scores, although some results could be interpreted as 
anecdotal evidence that does not decidedly support 
any hypothesis (BF10 = 4.71 ± 9.69 × 10−7%, 0.86  
± .008%, 1.09 ± .010%, and 1.48 ± .003% when the 
younger group was 3.5, 4, 4.5, and 5, respectively).

Discussion

Experiment 1 examined whether visual support help 
children from 3.5 years onward to engage in visuo- 
spatial rehearsal, as previously reported in adults who 
use this strategy (Lilienthal et al., 2014; Souza et al., 
2020). First, as expected, working memory performance 
improved across age groups, extending the age-related 
increase in working memory observed in many studies 
to a new task. Moreover, the visual support has a ben
eficial effect on visuo-spatial working memory perform
ance. From 3.5–6 years old, children performed better in 
the presence of the placeholders during the delay of 
retention. No interaction between age and the effect 
of placeholders was present. Children as young as 3.5 
years as well as children aged 6 years benefited similarly 
from the presence of placeholders during the retention 

interval. This finding supports the idea that even very 
young children can implement visuo-spatial rehearsal 
to support their recall. Moreover, the presence of the 
visual support seemed to help children approach per
formance levels that are closer to those aged 6 months 
older without visual support. However, grouping chil
dren according to their school levels resulted in age 
overlaps among adjacent groups, which could cast 
doubt on our findings of a 6-month developmental 
advantage due to support. To address this, we reorgan
ised the children based on their actual ages rather than 
school levels, ensuring a maximum age difference of 6 
months between the youngest and oldest children 
within each group and eliminating age overlaps 
between groups. This reclassification led to a similar 
pattern of results, which indicates that the observed 
effect is robust and independent of the children’s group
ings. Such an improvement may be indicative of the chil
dren’s zone of proximal development (Vygotsky, 2012), 
i.e. what children would be able to do soon without 
any external support.

To delve further into the absence of interaction 
between visual support and age, it may be attributed 
to the children’s young age. At these ages, children 
might not independently implement strategies for main
taining information. Indeed, some studies suggest that 
there is a developmental shift in the use of information 
maintenance strategies such as articulatory rehearsal 
around the age of 7 (Allik & Siegel, 1976; Barrouillet 
et al., 2009; Camos & Barrouillet, 2011; Flavell et al., 
1966; Hitch & Halliday, 1983; Oftinger & Camos, 2015, 
2017, 2018; Tam et al., 2010), others challenge the 
notion of a sudden shift at the age of 7 (Elliott et al., 
2021; Henry et al., 2012). However, there are few 
instances of articulatory rehearsal before this period 
unless children are explicitly invited to engage in it 
through training (Asarnow & Meichenbaum, 1979; 
Miller et al., 2015). Placeholders might function as an 
impetus for the establishment of a visual rehearsal strat
egy, signifying an advancement beyond the founda
tional understanding that has been previously 
recognised in populations not yet spontaneously 
employing such strategies. Indeed, there are four 
phases in the development and use of mnemonic strat
egies in children (Schneider & Sodian, 1997). In the first 
phase, even if a strategy is taught, it does not improve 
performance. The second phase corresponds to the 
fact that children do not use strategies spontaneously 
but can do so if they are invited. In the third phase, chil
dren engage in strategic actions that are not yet 
effective in enhancing their memory recall. The final 

2See the data file with the new categorization at https://osf.io/42769/?view_only=03dc504e776c490a890f64dc749889bd
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phase is the mature use of strategies. Thus, we could 
hypothesise that in a population that has been employ
ing this strategy for years, it could be applied even when 
the environment does not invite it. As a result, adults 
would then not need visual support to implement 
rehearsal. Hence, if the support is merely an encourage
ment to establish a rehearsal strategy, where this estab
lishment is effortful before it becomes automated (for 
verbal rehearsal, see Naveh-Benjamin & Jonides, 1984), 
then we should not observe an effect of the support in 
adults. Indeed, the initial effort of establishing the strat
egy could be negligible in adults who have more atten
tional resources than children (e.g. Morra, 2015). 
Therefore, the rehearsal strategy could be implemented 
without environmental aid. However, Lilienthal et al.’s 
experiments show that adults still benefit from environ
mental support. In this case, the support could be an aid 
to the better execution of a rehearsal strategy in 
addition to encouraging its initial implementation, 
even in adults who are experts in the use of rehearsal. 
Thus, if the support allows, in addition to the initial 
implementation, to assist the execution of a rehearsal 
strategy, then we should observe a positive effect of 
the support on working memory performance in 
young adults as well.

Experiment 2

Based in Experiment 1 findings, which revealed that 
visual support aids in visuo-spatial rehearsal in children 
as young as 3.5 years, Experiment 2 aimed to extend 
this investigation to young adult. Experiment 1 estab
lished that visual placeholders enhance working 
memory performance across different age groups in chil
dren, suggesting that even at a very young age, individ
uals can employ visuo-spatial strategies to bolster recall. 
This effect was consistent across the age spectrum, indi
cating that the ability to utilise visual support does not 
differ with age within the tested range. Experiment 2 
sought to explore whether the benefits of visual 
support observed in children translate to an older popu
lation that has presumably been employing mnemonic 
strategies independently for years. Evidence of Exper
iment 1 called for further investigation into whether 
such supports serve merely as a prompt for strategy 
establishment or if they play a role in the execution of 
the strategy itself.

In adults, who are considered able at using rehearsal 
strategies without external prompts, the presence of 
visual support should theoretically not influence 
working memory performance if its sole function is as 
an initial encouragement. Yet, previous research, includ
ing Lilienthal’s work, indicates that adults still benefit 

from environmental support. This raises the question 
of whether visual support could not only be beneficial 
in promoting the strategy but also in its implementation. 
Therefore, Experiment 2 was designed to assess the 
impact of visual support on working memory perform
ance in young adults. If visual support is found to 
enhance performance, it would suggest that its role 
extends beyond the mere facilitation of strategy estab
lishment to aiding the execution of well-practiced mne
monic strategies. Such findings could have significant 
implications for our understanding of cognitive develop
ment and the optimisation of learning and memory pro
cesses across the lifespan.

Method

Participants
One-hundred and sixteen young adults, mainly students 
in psychology (Mage = 21;7, min: 18, max: 38, SD = 2;7, 
105 females and 11 males), took part in the experiment. 
The experiment took place at the students’ university in 
a testing room. The experiment was approved by the 
local ethic committee. We gathered from the partici
pants a consent form before beginning the experiment. 
After testing, three adults were excluded due to non- 
compliance with the instructions. All participants 
received experimental hour credits or a cinema ticket.

Material and procedure
Material and procedure were similar to Experiment 1, 
except for the following points. Considering the larger 
visuo-spatial working memory capacity of adults, we 
conducted pre-tests on the two conditions (Without – 
and With-support) with young adults to determine the 
number of houses to memorise to avoid ceiling effect. 
During the first series of pre-tests in 3 additional 
adults, we proposed lengths ranging from 3 to 8 with 
9 houses displayed on the screen, and span scores 
ranged from 5.75–8. We conducted a new series of 
pre-tests in 4 adults, two of whom had participated in 
the first series, and one of them had scored 8/8 the 
first time. In the second pre-test, the proposed sequence 
lengths ranged from 3 to 9 with 10 houses displayed on 
the screen. The scores ranged from 4.75–8.25. In both 
series of pre-tests, everyone succeeded in all trials of 
length 3. Thus, this led us to exclude lengths less than 
4 and to extend the sequence lengths up to 10 houses 
without any stop rule. Finally, eleven houses were pre
sented on a bigger screen (24-inch) than for children 
(Figure 3).

Then, the sequences of the teddy bear’s appearances 
were no longer defined by lists, given the significant 
number of possible locations, but the locations where 
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the teddy bear appeared were randomised without 
replacement, meaning that the teddy bear could not 
reappear in the same location during a given trial. For 
the recall phase, a camera positioned behind the partici
pants framed only the screen to record the houses 
pointed out by the participants. This allowed for the 
scoring of the responses to the memory task afterwards. 
Finally, the practice phase was partly similar to that of 
Experience 1. It involved training on the judgment of 
the position of 6 teddy bears, which were randomly 
placed in a row across six different houses. Afterward, 
participants received training on one trial in each 
length 2 and 3.

Data analysis
The set of scores was calculated in the same way as in 
Experiment 1. Also, the same types of Bayesian analyses 
were conducted.

Results

Anonymized data are available at https://osf.io/42769/? 
view_only = 03dc504e776c490a890f64dc749889bd.

Detailed analysis of the accuracy and the response 
times on the concurrent position task was reported in 
detail in analytical appendices. To summarise, position 
accuracy was around 98% in both conditions, and 
response times did not vary between conditions with 
an overall average of 1808 ms.

A Bayesian ANOVA was performed on spans with 
Condition (Without-support vs. With-support) as 
within-participants factor and Condition Order as 
between-participants factors. Only one model presented 
anecdotal evidence for the alternative hypothesis, BF10  

= 1.19 ± 1.50%, including a main effect of Condition, a 
main effect of Condition Order and an interaction 
between those two factors. The analysis of the BFexclusion 

revealed a BFexclusion of 3.17 for the effect of Condition 
and a BFexclusion of 2.98 for the effect of Condition 
Order. However, the analysis revealed a BFinclusion of 
11.10 for the interaction effect between Condition and 
Condition Order. A Bayesian Paired Samples T-Test was 
conducted on spans when participants started the 
experiment with the Without-support condition and 
finished with the With-support condition. Performance 
was substantially better in the second condition With- 
support (M 6.26, 95% credible interval .28) than in the 
first condition Without-support (M 5.90, 95% credible 
interval .32), BF10 = 3.86 ± 6.14 × 10−7%. A second Baye
sian Paired Samples T-Test was conducted on spans for 
the reverse order of conditions. Anecdotal evidence indi
cated a lack of difference in the span scores between the 
two conditions when participants started the exper
iment with the condition With-support (M 5.89, 95% 
credible interval .28) and ended with the condition 
Without-support (M 6.03, 95% credible interval .25), 
BF01 = 2.60 ± .044%.

Complementary analysis – inter-individual 
differences
We have conducted an additional analysis considering 
the inter-individual differences in working memory 
capacities (see Ilkowska & Engle, 2010, for a review). 
We divided the participants into three groups, which 
were balanced in size and based on span scores (see 
e.g. Engle et al., 1992; Just & Carpenter, 1992; MacDonald 
et al., 1992) obtained in the Without-support condition. 
We chose this condition to create the groups because, as 

Figure 3. Tailored to the memory capacity of adults, 11 houses were distributed in the countryside in Experiment 2, instead of 6 
houses in Experiment 1 for children.
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it was a post-hoc analysis, we did not have an indepen
dent measure of working memory capacity. The 
Without-support condition was considered as the base
line condition, one that does not provide environmental 
enrichment, nor assistance through visual supports, as it 
is mostly the case in span tasks used to assess working 
memory capacity. Thus, we considered that memory 
performance in the Without-support condition best 
respresented the individuals’ working memory capacity. 
More specifically regarding the organisation of the 
groups, after ranking the participants based on their 
span scores in the Without-support condition from the 
lowest to the highest, we divided them into three 
groups. The first tier consisted of participants with the 
lowest spans, the second tier included those with 
average spans, and the third tier comprised participants 
with the highest spans in the Without-support condition. 
We aimed for an equal distribution of participants across 
the three groups; however, due to ties in span scores, 
the group sizes are not exactly equal. Thus, we formed 
a Low-span group of 38 participants with spans 
ranging from 3.5–5.25, a Medium-span group of 36 par
ticipants with spans from 5.5–6.25, and a High-span 
group of 39 participants with spans from 6.5–9.

Detailed analysis of the accuracy and the response 
times on the concurrent position task was reported in 
detail in analytical appendices. To summarise, position 
accuracy did not vary between conditions (all around 
98%) and response times were slower in the Without- 
support condition than in the With-support condition 
only in the High-span group (2094 ms, 95% credible inter
val 357 ms, vs. 1812 ms, 95% credible interval 317 ms).

A Bayesian ANOVA was conducted on spans with the 
condition (Without-support vs. With-support) as a 
within-participants factor, while Condition Order and 
Span-groups (Low-, Medium-, and High-span) were 
entered as between-participants factors. The analysis 
indicated that the first three models did not differ sub
stantially from each other (Table 2).

As in the previous Bayesian ANOVA that did not 
include the Span-groups factor, the analysis of the 
BFinclusion and BFexclusion for each factor in the models 
showed that the BFexclusion for the condition was 2.93. 

However, a substantial effect of the order was present, 
BFinclusion = 5.88 (performance increased during the 
experiment: M 5.90, CI .30 for the first conditions and 
M 6.15, CI .27 for the second conditions) as well as a sub
stantial effect of interaction between the condition and 
the order of presentation, BFinclusion = 8.49. Obviously, 
the effect of the span-groups was present, BFinclusion =  
2.85 × 1027, but it did not interact with the order, 
BFexclusion = 3.02. Finally, very strong evidence indicated 
an effect of interaction between the condition and the 
span-groups, BFinclusion = 50.9, and the interaction 
between the three factors was neither in favour of the 
alternative hypothesis nor in favour of the null, BFinclusion  

= 1.26.
Paired Samples T-Tests were conducted on spans in 

each span-group to highlight the profile of the inter
action with the condition. In the Low-span group, deci
sive evidence showed a higher span in the condition 
With-support than Without-support, BF10 = 173 ±  
7.461 × 10−9% (Figure 4). By contrast, substantial evi
dence indicated a lack of difference in the span scores 
between the conditions With-support and Without- 
support in the Medium – and High-span group, 
respectively BF01 = 3.86 ± .04% and BF10 = 1.32 ± .02% 
(Figure 4).

Discussion

Experiment 2 was designed to explore the effect of 
visual support on working memory in young adults, fol
lowing the insights gained from Experiment 1. The 
underlying hypothesis was twofold. If visual support 
serves merely as an encouragement for the initial estab
lishment of a rehearsal strategy, which becomes auto
mated over time, then its effect should be negligible in 
adults. This is based on the premise that adults, with 
their greater attentional resources, can implement 
rehearsal strategies without the need for environmental 
aids. Conversely, if visual support contributes not only to 
the strategy’s initial implementation but also assists in its 
execution, then a positive effect on working memory 
performance in young adults would be anticipated. 
This hypothesis aligns with the notion that 

Table 2. The three best models including main effects and interactions with their BF10.
Model Condition Order Span-groups Interactions BF10

1st x x x Condition x Order 
Condition x Span-groups

3.02 × 1029 ± 2.16%

2nd x x x Condition x Order 
Condition x Span-groups 
Order x Span-groups 
Condition x Order x Span-groups

1.26 × 1029 ± 1.67%

3rd x x x Condition x Order 
Condition x Span-groups 
Order x Span-groups

1.00 × 1029 ± 2.25%
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environmental support could be beneficial even for well- 
practiced strategies.

Our findings partially support the latter hypothesis. 
While no overall effect of visual support on span 
scores was observed across the entire population, the 
Low-span group showed improved performance with 
visual support, suggesting it aids individuals with less 
efficient mnemonic strategies. For the High-span 
group, the increase in response times (see analytical 
appendices) in the bear’s orientation task could stem 
from a compensatory strategy. In the absence of 
support during the delay, high-span individuals could 
take advantage of every moment when the bear 
appears in a house to rehearse before judging the orien
tation. Indeed, the implementation of strategies requires 
time (Carpenter & Just, 2013; Engle et al., 1992; Friedman 
& Miyake, 2004).

In addition to the findings previously discussed, the 
analysis revealed an overall improvement in recall per
formance during the experiment. This improvement, 
however, was contingent upon the inclusion of the 
span-groups factor in our analytical model, which, 
notably, did not interact with other variables when we 
tested the span scores. By becoming more familiar 
with the task, every participant can improve their 
recall, regardless of the conditions and working 
memory abilities, which could result from the discovery 
of other memorisation strategies during the task. This 
improvement in memory performance could also be 
attributable to a better processing of the concurrent 
task, leaving more attentional resources available to be 

allocated to the memory task (Barrouillet et al., 2007). 
However, contradicting this suggestion, there was no 
difference in the speed of position judgments (anecdotal 
evidence for the null hypothesis for Condition Order, 
BFexclusion = 2.04), and in the accuracy (substantial evi
dence for the null hypothesis for Condition Order, 
BFexclusion = 4.38) across the experiment.

General discussion

The present study explored the role of environmental 
support in working memory performance, delving into 
the developmental aspects of strategy implementation. 
The investigation was structured into two experiments, 
each targeting distinct age groups, with the aim of unco
vering whether visual placeholders could aid in the mne
monic process, not only for children but also for adults.

Experiment 1 examined preschoolers’ ability to 
engage in visuo-spatial rehearsal when provided with 
visual support. The findings revealed that children as 
young as 3.5 years could benefit from placeholders, 
which facilitated an improvement in recall performance. 
This effect was consistent across the age spectrum up to 
6 years, suggesting that the capacity to use visual 
support for memory enhancement does not differ 
within the tested age range. The absence of an inter
action between age and the effect of placeholders 
underscores the potential for even very young children 
to implement visuo-spatial rehearsal strategies when 
prompted by environmental cues. The implications of 
these findings challenge the prevailing belief that stra
tegic memory maintenance is unattainable for pre
schoolers. Instead, our results align with the second 
phase of Schneider and Sodian’s model (1997), indicat
ing that children can employ strategies when prompted, 
although they may not do so spontaneously.

One might question the ability of such young chil
dren to engage a rehearsal strategy, especially as its 
verbal equivalent only appears around 7 years of age 
for the memorisation of verbal items. Moreover, the lit
erature on the memorisation of visuo-spatial items 
does not provide any evidence for such an early use of 
a visuo-spatial rehearsal. An alternative hypothesis for 
the increase in performance in the presence of the 
visual support is that children’s attention remains 
focused on the house where the teddy bear last 
appeared. This would result in a consolidation of the 
memory trace for this last position, and hence an 
increase in working memory performance. The consoli
dation process has been described as taking place 
immediately after the presentation of the memoranda 
(Engle et al., 1992; Jarrold et al., 2011; Vergauwe et al., 
2014), allowing transient sensory traces to be 

Figure 4. Mean span as a function of Span-groups (Low, 
Medium and High-spans) in adults and the visual support Con
ditions (Without-support vs. With-support) in Experiment 2. Ver
tical bars represent 95% confidence interval for the within- 
subjects comparison.
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transformed into more stable memory traces (De Schrij
ver & Barrouillet, 2017). In agreement with this sugges
tion, Morey et al. (2018b) showed that young children 
spent a larger proportion of time than adults at 
fixating each spatial position at encoding, except for 
the first position. Moreover, giving the opportunity to 
consolidate immediately after the presentation of each 
item to be remembered leads to better recall perform
ance in young adults (Bayliss et al., 2015). Further 
research is necessary, and we sought to explore the 
underlying mechanisms that might influence recall per
formance in children. Without disclosing the outcomes 
of our follow-up experiments, the study was designed 
to investigate the hypothesis of consolidation and the 
potential of cumulative rehearsal, where it is theorised 
that children may loop spatial positions similarly to a 
phonological loop with repeated cycling of words 
(Fitamen et al., submitted).

Experiment 2 extended the inquiry to young adults, 
hypothesising that if visual support serves merely as 
an encouragement for strategy establishment, its effect 
should be minimal in adults. However, if it also assists 
in the execution of strategies, then a positive impact 
on working memory performance in adults would be 
expected. The outcomes partially supported the latter 
hypothesis, with low-span individuals showing 
improved performance with visual support, indicating 
that environmental cues can bolster performance for 
those with less efficient strategies. The contrast 
between the Low and High-span groups in adults pre
sented a novel pattern of results. While the High-span 
group did not exhibit differences in span scores at 
recall, they took longer to respond to the orientation 
of the bear in the absence of support. This could 
suggest a compensatory strategy, where the High-span 
group may have used the evaluation phase as an oppor
tunity to consolidate the new location presented, in 
addition to rehearsing previous locations. Engle et al. 
(1992) had reported that the time spent looking at the 
elements of the processing task increased with the 
accumulation of the memory load only among High- 
span adults. Indeed, this additional time could be 
linked to the implementation of strategies, which 
requires time (Carpenter & Just, 2013; Engle et al., 
1992; Friedman & Miyake, 2004). It is also a way to evalu
ate the use of strategies through self-administered para
digms in which participants are free to analyse 
information as long as they wish, then trigger the tran
sition to the trial or the next information themselves 
(Engle et al., 1992; Friedman & Miyake, 2004; Turley- 
Ames & Whitfield, 2003). This partly corresponds to our 
concurrent task, which was self-paced, where the 
increased response time among High-span adults 

could be indicative. It would reflect their ability to 
employ compensatory strategies autonomously during 
intervals without external support.

The Low-span adults, however, displayed a pattern of 
results akin to that of the children, with no difference in 
evaluation times but improved recall performance With- 
support. This similarity raises intriguing questions about 
the developmental trajectory of working memory strat
egy use. It suggests that, like children, Low-span adults 
may be encouraged by environmental support to 
implement memory strategies, and the utilisation of 
these strategies was facilitated by the support. These 
results are in line with Bailey et al. (2008) and Dunlosky 
and Kane (2007) indicating that Low-span adults are 
less inclined to engage in memorisation strategies 
during working memory tasks. However, Low-span are 
the ones who benefit the most from the use of strategies 
(Turley-Ames & Whitfield, 2003).

Unlike the Low-span, the Medium and High-span 
individuals may not have benefited from the support 
due to the time frame. The support remained 
2000 ms on screen which can be too short to rehearse 
the numerous locations they are able to memorise. 
Therefore, we can wonder whether a longer stimulus 
presentation time, for example, 4000 ms as in 
Lilienthal’s work (Lilienthal, 2018; Lilienthal et al., 
2014, 2016), would yield a beneficial effect of the 
support in Medium and High-span adults. However, 
such a population with better working memory skills 
is also having higher processing speed (e.g. Case 
et al., 1982). In this case, 2000ms might be enough 
to rehearse numerous locations. Among Low-span 
adults and children, even with a slower processing 
speed, the 2000ms interval could be sufficient to 
rehearse an average of five locations for Low-span 
adults and children. Indeed, a beneficial effect of the 
grid on recall performance was already evident after 
just 1500 ms of presentation in Souza’s study involving 
young adults (Souza et al., 2020). Nevertheless, we can 
also imagine that, given the possibly insufficient time 
for rehearsal, another memorisation strategy was 
implemented thanks to the support, such as visualising 
shapes formed by the movements of the teddy bear 
(see Gonthier, 2021).

This leads us to question the intervention of other 
information maintenance processes, such as visual 
mental imagery, which is to be dissociated from visuo- 
spatial rehearsal. Visual mental imagery is a cognitive 
process that involves both long-term memory and 
working memory. Visual mental imagery is more than 
mere retention of information, as is the case with 
visuo-spatial rehearsal; it is an active construction that 
allows for the generation of new combinations and the 
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discovery of new properties. These representations may 
include visual memories, knowledge about the world, or 
past experiences. Once reactivated from long-term 
memory, representations are maintained and manipu
lated within working memory, enabling mental inspec
tion and transformation (for a review, see Ganis & 
Schendan, 2011). Conceptually, although visuo-spatial 
rehearsal and visual mental imagery may share certain 
mechanisms and types of memory, they are distinct in 
their functions and applications. Visuo-spatial rehearsal 
is a dynamic process that involves an attentional 
process or eye movements to maintain spatial infor
mation that has just been presented; visual mental 
imagery is linked to the creation of internal perceptual 
experiences and the manipulation of visual knowledge 
and episodic memories. Despite these differences, it 
can be envisioned that, in children of reading age and 
in adults, part of the teddy bear’s movements could 
have activated the representation of shapes (e.g. 
letters., squares). Thus, visual mental imagery could 
have allowed the creation of internal perceptual experi
ences; the rest of the movements could have been main
tained by visuo-spatial rehearsal. In a future study, it 
might be relevant to question to the participants at 
the end of each condition on the memorisation strat
egies they used.

The current study also sheds light on the nuanced 
role of environmental support. While Lilienthal (2018) 
demonstrated that High-span adults benefit more from 
environmental support, our findings indicate that it is 
the Low-span individuals who reap the most benefit, 
marking a departure from Lilienthal’s results. This diver
gence may be attributed to the differences in task 
configurations between the studies. In the works of 
Lilienthal et al. (2014), Lilienthal (2018), and Souza 
et al. (2020), the grid of locations was randomly 
changed on each trial and consisted of 30 new locations, 
which necessitated a more fine-grained location dis
crimination than in the current study. Here, there were 
only 11 locations, which were fixed throughout the 
study, posing a substantially smaller challenge for 
rehearsal. This could explain the observed differences 
and why only the Low-span group benefited from 
support in our study. The High-span individuals could 
maintain the smaller set of locations in their working 
memory, and perhaps even in long-term memory, allow
ing them to rehearse the locations without difficulty. 
Also, this difference in the results’ pattern could be 
due to another distinction in the nature of the tasks 
employed. Indeed, a simple span task was used in 
Lilienthal (2018) and the participants could recall the 
locations in any order. We implemented a complex 
span task with order recall. Simple span and complex 

span are two paradigms leading to measure the same 
processes involved in working memory (e.g. rehearsal, 
maintenance, updating); however, recall performance 
as well as the way verbal rehearsal is used differ (Uns
worth & Engle, 2007). Simple span tasks are more condu
cive to rehearsal processes (e.g. Cowan, 2005; Engle 
et al., 1992), perhaps due to the absence of a concurrent 
task making its use easier. Thus, by transposing this to 
the visuo-spatial domain, a visual support would be 
more welcome in a complex span task to encourage 
and facilitate rehearsal, especially for individuals with 
lower working memory capacity.

Moreover, the study contributes to the ongoing dis
course on cognitive control and goal maintenance. 
Young children are more prone to goal neglect, which 
can be detrimental to their executive control (Chevalier 
& Blaye, 2009). Forgetting the goal in a complex span 
task (i.e. forgetting that locations must be maintained) 
means that children may not try to actively maintain 
the locations by implementing some maintenance strat
egies. This is very similar to what some authors describe 
as a passive maintenance in young children (Camos & 
Barrouillet, 2011). In Experiment 1, the presence of the 
houses during the retention interval, instead of support
ing visuo-spatial rehearsal, may be a reminder for the 
children that they must remember the locations (i.e. 
the goal of the task), being a cue for goal maintenance. 
Since attentional control plays a significant role in goal 
management, adults, with their superior attentional 
capacities, are less prone to goal neglect compared to 
children (Engle et al., 1999). However, Low-span adults 
have benefited from support. There is evidence that 
Low-span adults neglect the goal more than High-span 
adults (Duncan et al., 1996; Kane & Engle, 2003). Thus, 
in adults as well, the support may have played the role 
of an aid in maintaining the goal in addition to an aid 
in the implementation and use of a memorisation strat
egy. In a complementary manner, our recent study on 
children aged 4–8 years tested whether support could 
also serve as an aid in goal maintenance (Fitamen 
et al., submitted).

Finally, an alternative explanation for the beneficial 
effect of visual support on memory performance can 
be drawn from the work of Spivey and Geng (2001). 
They manipulated the presence of visual support 
during retrieval and found that participants increasingly 
looked at the to-be-retrieved item with more visual 
support. Their explanation is that the absent memory 
item is not only stored in memory but also externalised 
in space, with the rich spatial context aiding in the 
memory search. This suggests that visual support pro
vides a spatial framework that helps organise and 
retrieve information. The spatial context acts as an 
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external cue, guiding eye movements and attention, 
thereby reinforcing the mental representation of the 
memory task. This phenomenon can be seen as an 
embodiment of cognition, where constructing a 
mental image is almost “acted out” by eye movements, 
integrating internal memory with external spatial cues.

Limitations and perspectives

This study presents a few limitations. One of them is 
due to the difficulty in defining specific behavioural 
measures of the use of spatial rehearsal. We acknowl
edge that eye tracking could have provided a poten
tial measure of the implementation of this strategy, 
as evidenced in Souza et al. (2020), who demonstrated 
that the grid facilitates accurate rehearsal of the 
correct locations, which was associated with the grid 
benefit. Various studies indicate that spatial rehearsal 
mechanisms can occur without the need for overt 
eye movements, as attention can be shifted to target 
locations implicitly (Awh et al., 1998; Baddeley, 1986; 
Godijn & Theeuwes, 2012; Posner, 1980). To test the 
hypothesis of covert attention shifts, a design con
trasting conditions requiring more or less attentional 
resources during the inter-item interval, but without 
requiring concurrent spatial processing, could be 
relevant.

Turning now to the interpretation of the effects of 
visual support, a question can be raised as to whether 
the difference between the two conditions With – and 
Without-support, reflect a benefit on memory perform
ance due to the visual support, or a detrimental effect 
due to the lack of support. Although, we privileged the 
first option, considering the performance in the con
dition Without-support as a baseline, it could be reason
ably argued that the disappearance of the houses during 
the inter-item interval in the condition Without-support 
might induce a visual interference, hampering memory 
performance compared to the houses that would 
remain continuously present on the screen throughout 
the trial in the With-support condition. One might 
wonder whether we observed follow-up. The submitted 
study already mentioned can provide some insight on 
the relevance of this last hypothesis (Fitamen et al., sub
mitted). In this study, we only presented one house 
during the inter-item interval, corresponding to the 
last location of the teddy bear, thus making five out of 
six houses disappear. Without revealing too much of 
the results, we can indicate that the recall performance 
of children aged 4–8 years in this new condition was 
closer to the condition With-support than to the con
dition Without-support (i.e. the difference between the 
scores doubled). Although not conclusive, this would 

go against any hypothesis of visual interference due to 
the disappearance of the houses.

Conclusion

In summary, our research highlights the multifaceted 
role of visual support in working memory performance. 
It not only facilitates the establishment of rehearsal strat
egies but also supports their execution. This dual func
tion appears to benefit individuals across the lifespan, 
from preschoolers to young adults, particularly those 
with less efficient mnemonic strategies. These insights 
contribute to a nuanced understanding of cognitive 
development and highlight the potential for optimising 
learning and memory processes through environmental 
interventions. In educational areas, such visual supports 
could be easily integrated into classroom settings, pro
viding a method to enhance memory performance. 
Thus, the support could serve as an environmental aid, 
as training working memory has shown minimal effect 
(see, Melby-Lervåg & Hulme, 2013, for a meta-analysis). 
Especially since the support was implicit in our study, 
no mention of its presence or absence was made to chil
dren or adults. This would be a low-cost procedure to 
implement in the classroom or in the living environment 
of adults with weaker working memory skills.
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Analytical Appendices

We reported here the analysis of the concurrent position task 
for each experiment.

Experiment 1
Table A1.  Descriptive analysis of the scores for the concurrent 
task, with mean and 95% credible interval for each Condition 
(Without – and With-support) across each Age group, in 
Experiment 1.

Variable
M [95% CI] by Age

3.5-yo 4-yo 4.5-yo 5-yo 5.5-yo 6-yo
Accuracy in %
Without 76.4 

[10.3]
96.5 
[2.4]

96.7 
[1.7]

98.3 
[1.0]

98.5 
[1.1]

98.4 
[1.2]

With 74.4 
[11.0]

95.6 
[2.9]

97.9 
[1.5]

97.5 
[1.3]

97.7 
[1.2]

97.0 
[2.9]

Response 
times in ms

Without 4594 
[866]

4419 
[698]

3270 
[372]

3267 
[366]

2854 
[347]

2534 
[295]

With 4843  
[1088]

4452 
[585]

3124 
[270]

3274 
[352]

2821 
[308]

2368 
[216]

A first Bayesian ANOVA was performed on the accuracy of pos
ition judgments to ensure that the accuracy did not vary 
between the conditions. Condition (Without-support vs. 
With-support) was entered as a within-participants factor, 
while Age groups, Condition Order, and lists of sequences 
were entered as between-participants factors. The first model 
included the main effects of Age groups, Condition Order, 
lists, and interactions between Age groups and Condition 
Order, and between Age groups and lists, BF10 = 2.14 × 1018 

± 5.14%. The second-best model additionally included the 
interaction between Condition Order and the lists, BF10 =  
9.27 × 1017 ± 17.89%. The first two models only anecdotally dif
fered from each other.

We then examined the BFinclusion for each factor in the 
models. Confirming the models, the BFinclusion for the Age 
effect was 5.94 × 1013. The BFexclusion of 1.57 for Condition 
Order, and of 3.02 for List suggested that these factors 
should be excluded from the model. However, the BFinclusion 

for the Age x Order interaction was 27.59, and the BFinclusion 

of the Age x List interaction was 3.51 × 104. The BFexclusion for 
the other interactions ranged between 1.30 and 18.35. To sum
marise, position accuracy increased with age, with an already 
very high accuracy from 4 years of age (>96%), but did not 
vary between conditions.

A second Bayesian ANOVA was performed on response times 
to ensure that the mean test times did not vary between con
ditions. The same factors as in the previous ANOVA were 
entered in the analysis, which revealed that the best model 
included only a main effect of Age groups, BF10 = 2.78 × 108 ± 
1.77%. The second-best model had a 3.9 smaller probability to 
account for the data than the best model. Response time for 
the position assessment decisively decreased with age, but did 
not differ between conditions, BFexclusion = 7.99.

Experiment 2

A first Bayesian ANOVA was performed on the accuracy of pos
ition judgments with Condition (Without-support vs. With- 

support) as within-participants factor and Condition Order as 
between-participants factors. The analysis revealed only the 
presence of an interaction effect between support Condition 
and Condition Order, BFinclusion = 7.32. All other models indi
cated a BF01 > 4.44. Nevertheless, the accuracy of position 
judgments was all close to 100% of success what was the 
expected situation. When participants started with the con
dition Without-support, they had a mean accuracy of 98.84% 
(95% credible interval .34%) in this first condition and obtained 
an accuracy of 98.42% (95% credible interval .40%) in the 
second condition With-support. When participants started 
with the condition With-support, they had an accuracy of 
98.77% (95% credible interval .33%) in this first condition and 
obtained an accuracy of 98.40% (95% credible interval .38%) 
in the second condition Without-support.

A second Bayesian ANOVA was performed on the response 
times of position judgments with the same factors as in the 
previous ANOVA. The analysis revealed no main effects and 
no interaction, all BF01 > 1.46. With a BFexclusion = 1.46 for no 
effect of the order of presentation on the response times, 
BFexclusion = 2.09 for no effect of the type of support condition 
on response times, and no interaction BFexclusion = 3.23. 
Response time of position judgments did not differ between 
the experimental conditions where adults responded to the 
teddy bear orientation in 1853 ms (95% credible interval 168 
ms) Without-support, and in 1762ms (95% credible interval 
174 ms) With-support.

Complementary analysis – inter-individual 
differences
A first Bayesian ANOVA was performed on the accuracy of pos
ition judgments, with Condition (Without-support vs. With- 
support) entered as a within-participants factor, while Span- 
groups (Low-, Medium-, and High-span) and Condition Order 
were entered as between-participants factors. In the same 
way as the previous analysis which did not involve the Span- 
groups factor, the present analysis revealed only the presence 
of an interaction effect between support Condition and Con
dition Order, BFinclusion = 7.73. All other models indicated a 
BF01 > 4.17. However, the Span-groups factor did not have an 
impact on accuracy (BFexclusion = 10.6, M from 98.55% to 
98.64%) and did not interact with other factors (BFs01 > 5.03).

A second Bayesian ANOVA was performed on the response 
times of position judgments with the same factors as in the 
previous ANOVA. The analysis revealed that there was only 
an anecdotal effect of interaction between the conditions 
and the span-groups, BFinclusion = 2.04. All other models indi
cated a BF01 between 1.23 and 4.24. Paired Samples T-Tests 
were conducted on response times in each group to highlight 
the profile of the interaction. In the High-span group, decisive 
evidence for the alternative hypothesis showed that the 
response time was slower in the condition Without-support 
(M 2094ms, 95% credible interval 357 ms) than With-support 
(M 1812 ms, 95% credible interval 317 ms), BF10 = 452 ±  
4.757 × 10−5%. No difference was present in the Medium- 
span group (Without-support M 1723ms, 95% credible interval 
237 ms, With-support M 1652 ms, 95% credible interval 305 ms, 
BF01 = 4.23 ± .04%) and in the Low-span group (Without- 
support M 1728ms, 95% credible interval 266 ms, With- 
support M 1826 ms, 95% credible interval 308 ms, BF01 =  
4.49 ± .05%).
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