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A cardinal feature of adult cognition is the awareness of our own cognitive struggles and the capacity to draw
upon this awareness to offload internal demand into the environment. In this preregistered study conducted
in Australia, we investigated whether 3—8-year-olds (N = 72, 36 male, 36 female, mostly White) could self-
initiate such an external metacognitive strategy and transfer it across contexts. Children watched as an exper-
imenter demonstrated how to mark the location of a hidden prize, thus helping them successfully retrieve that
prize in the future. Children were then given the opportunity to spontaneously adopt an external marking
strategy across six test trials. Children who did so at least once were then introduced to a conceptually similar
but structurally distinct transfer task. Although most 3-year-olds deployed the demonstrated strategy in the
initial test phase, none of them modified that strategy to solve the transfer task. By contrast, many children
aged 4 years and older spontaneously devised more than one previously unseen reminder-setting strategy
across the six transfer trials, with this tendency increasing with age. From age 6, children deployed effective
external strategies on most trials, with the number, combination, and order of unique strategies used varying
widely both within and across the older age groups. These results demonstrate young children’s remarkable
flexibility in the transferral of external strategies across contexts and point to pronounced individual differ-
ences in the strategies children devise.
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Public Significance Statement

We investigated whether 3—8-year-old children could adopt a reminder-setting strategy to help them find
and retrieve a hidden prize and then, without any prompting, transfer the logic behind the strategy to
solve a related problem in a novel context. From age 4, children were using previously unseen
reminder-setting strategies in the transfer task that followed the same logic as the initial task, with
this tendency increasing markedly with age. The number, combination, and order of strategies used var-
ied widely both within and across age groups, indicating remarkable creativity and flexibility in child-
ren’s external strategy use.
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Humans have a long history of storing to-be-remembered informa-
tion in their environment. Inscribed tokens used for documenting
trade in 8000 B.C. in Uruk, Mesopotamia, are a frequently cited exam-
ple of this phenomenon (Chatterjee, 2017; Schmandt-Besserat, 1978),
but there were many other ancient mnemonic devices used for keep-
ing records. For example, Incas (Ascher & Ascher, 1981) and
Polynesians (E. Best, 1921) used quipus, or knotted cords, to store
and convey numerical information, and the Eastern Woodlands
tribes of Native Americans used beads fashioned from the shells
of clams to record important treaties and historical events (Haas,
2008). With the progressive emergence of technologies like writing,
printing, audio recording, computers, and smartphones, external
memory strategies have become ever more central to managing
our lives.

Consider, for example, the need to remember to attend an impor-
tant meeting, turn off the stove after cooking, take medication, or
study for an upcoming exam. Adults (Smith et al., 2000) and chil-
dren (Kliegel & Jager, 2007; Mahy et al., 2018; Mazachowsky et
al., 2021) often fail to carry out the right action at the right time.
To prevent such prospective memory failures, adults frequently
set themselves reminders (Henry et al., 2012; Kim & Mayhorn,
2008), and are more likely to do so in response to (a) increases
in the amount of to-be-remembered information (Gilbert, 2015a),
(b) poorer objective unaided memory abilities (Gilbert, 2015b),
and (c) lower task-specific metacognitive confidence in unaided
memory abilities (independent of objective unaided ability;
Gilbert, 2015b). After watching a demonstration, children can like-
wise set reminders to compensate for internal cognitive limits from
as early as 4 or 5 years of age (Bulley et al., 2020; Heisel & Ritter,
1981).

Although some evidence indicates that spontaneous uses of exter-
nal cognitive strategies are rare until at least 6 or 7 years (Armitage &
Redshaw, 2022; Bulley et al., 2020), one recent study revealed
that, in narrow circumstances, even 4- and 5-year-old children
could spontaneously devise an effective reminder-setting strategy
(Armitage et al., 2022). Children watched an experimenter place a
target into one of three identical opaque containers and then shuffle
the containers out of view, after which children were asked to guess
where the target was hidden. In the test phase, children were asked to
mark one of the three containers by placing an object into a transpar-
ent jar attached to the containers prior to shuffling, meaning they
were able to perform perfectly if they simply marked the rewarded
container and then selected that marked container after shuffling.
Children aged 3, 4, and 5 years used this external strategy above
chance levels if they had seen it demonstrated to them, but only
4- and 5-year-olds were able to spontaneously devise the strategy
to improve their future recall. A caveat of this design, however, is
that children were required to mark either the correct container or
an incorrect container on every trial and could not refrain from mark-
ing (such that chance performance was 33.3%). Therefore, child-
ren’s reminder-setting behaviors in this study were not entirely
self-initiated.

Despite recent studies documenting the basic emergence of
external cognitive strategies, it is currently unknown whether

young children can transfer such strategies across contexts. It
would be inefficient and cognitively taxing for an individual to
devise new strategies in response to each new task—consider,
for example, using a calendar only to track upcoming doctors’
appointments and trying to devise entirely new strategies for
reminding oneself of other upcoming meetings or events.
Instead, people benefit from recognizing the general relevance
of a strategy across contexts and implementing it accordingly
(Clerc et al., 2014; Day & Goldstone, 2012). Proficiency with
strategy transfer may be especially beneficial for children, who
are frequently exposed to new academic and everyday challenges.
Children that can recognize the generalizability of an external cog-
nitive strategy to different but relevant contexts and flexibly adapt
the strategy in accordance with new task parameters will therefore
be better equipped to deal with these challenges, which may lead
to improved learning and problem-solving performances.
Understanding how cognitive offloading develops, and particu-
larly the degree to which children can generalize external cogni-
tive strategies, is therefore of high interest from both pure and
applied research perspectives.

The development of external strategy transfer might be expected to
follow a similar trajectory to the (more well-documented) develop-
ment of internal strategy transfer. The evidence for this development,
however, is mixed. In one study, 4-5-year-olds were presented with a
memory task, and the children either spontaneously devised or were
prompted to adopt the strategy of only studying to-be-recalled items
(and avoid studying items that were not to be recalled). Children
were then able to transfer this strategy into a new memorization con-
text, albeit with decreased recall performance (Clerc & Miller, 2013).
Other evidence suggests that children become more likely to general-
ize the use of an internal strategy to new contexts with increasing age
(Schwenck et al., 2009), with proficient transfer only demonstrated
around 7 or 8 years and often facilitated by explicit instructions or
prompting (Chen & Klahr, 1999; Klahr & Nigam, 2004; O’Sullivan
& Pressley, 1984; Ringel & Springer, 1980).

Here, we examined whether young children could engage in fully
self-initiated reminder setting and also explored whether they could
transfer that reminder-setting strategy to a novel context. We adapted
Armitage et al.’s (2022) paradigm but removed the requirement for
children to mark one of three containers on each trial, such that we
measured children’s spontaneous reminder-setting behaviors rather
than comparing their performance against an a priori chance level.
In this new design, 3—8-year-old children were given the opportunity
to evaluate their unaided competence, decide that a reminder was
necessary, and self-initiate a reminder-setting action in order to
ensure they would retrieve the reward, akin to real-world compensa-
tory behaviors. Children who successfully self-initiated an external
strategy were then introduced to the transfer task, which was struc-
turally distinct from the original task but with the same underlying
conceptual demands. We reasoned that, if children truly understood
the logic of the task, they should have been able to transfer the gene-
ral principle of the reminder-setting behavior across contexts and
solve the second task. Our preregistered hypotheses outlined our
general expectation that children would set more self-initiated
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reminders and would be more likely to transfer this behavior across
contexts with increasing age.

Method
Participants

This study was preregistered on Open Science Framework before
commencing data collection (https://osf.io/4hctd/). In our preregis-
tration, we specified that we would test 5-10-year-olds, but as
even 5-year-olds performed relatively proficiently during pilot test-
ing, we instead tested 3-8-year-olds. Our anticipated sample size
was 72 children, as it is comparable to the sample size used in
another study of children’s use of external reminders (Redshaw et
al., 2018) and allowed for two children in each age group to com-
plete each counterbalancing condition (see S1 in the online supple-
mental materials for complete counterbalancing information). A post
hoc power analysis revealed that this sample size provided a 99.8%
chance of detecting hypothesized large age effects (equivalent to
r=.50). We also specified that children would be recruited and
tested at a public museum but given changes to the test protocol
resulting from COVID-19, all participants were instead recruited
through an existing university database. Recruitment ceased when
the intended sample size for each age was reached.

The final sample of 72 children (36 males, 36 females) aged
between 3.03 and 8.94 years (M = 6.01, SD = 1.71) was made up
of 12 children (six males, six females) from each of the following
ages: 3-year-olds (M = 3.64, SD = 0.25), 4-year-olds (M = 4.46,
SD =0.30), 5-year-olds (M =5.51, SD=0.27), 6-year-olds
(M=6.49, SD=0.18), 7-year-olds (M =7.50, SD =0.23), and
8-year-olds (M = 8.48, SD =0.31). Twelve additional children
were excluded due to either experimenter error (n =5), having a
clinical diagnosis (n = 2), being of an age for which data collection
had already been completed (n = 2), being instructed to set remind-
ers by an observer (n=1), and for passing fewer than two of the
three training trials (n = 1). All caregivers provided informed con-
sent before testing commenced. Ethical approval was obtained
prior to beginning recruitment.

Participating families resided in the Brisbane region and sur-
rounding areas in southeast Queensland, Australia. The Australian
Bureau of Statistics Socio-Economic Indices for Areas (SEIFA)
was used to estimate socioeconomic status of each family according
to their household postcode. SEIFA provides ranks for geographical
areas from low (1) to high (10) based on characteristics such as
employment and public resources (Australian Bureau of Statistics,
2018). SEIFA ranks for our sample ranged from 3 to 10 but were
skewed toward socioeconomic advantage (M = 8.69, SD = 1.59).
This skew was observed in 3-year-olds (M =8.89, SD = 1.05),
4-year-olds (M=7.2, SD=2095), 5-year-olds (M =9.00,
SD =0.00), 6-year-olds (M = 8.80, SD = 1.30), 7-year-olds (M =
9.25, SD = 0.50), and 8-year-olds (M = 9.50, SD = 0.71). We also
collected data on the highest parental education level in each family.
This ranged from a high school certificate or equivalent (1.69%), a
trade or other apprenticeship (1.69%), a posthigh school certificate
or diploma (20.34%), an undergraduate university degree
(27.12%), and a postgraduate university degree (47.46%), which
indicated a disproportionate number of families with at least one
highly educated parent.

Design and Procedure
Experience Task

As in Armitage et al. (2022), children were presented with three
identical opaque containers, each attached to a smaller transparent
jar, placed on the ground between themselves and the experimenter.
On each of six trials, the experimenter would remove the container
lids, place a sticker into one container, and return the lids, such
that the sticker was no longer visible (see Figure 1 Phase 1). The
experimenter then concealed the containers behind a screen and
told the child that they would “shuffle the containers all around,
and then you have to guess where the sticker has gone.” During shuf-
fling, the experimenter would rearrange the containers into one of six
possible orders (where one matched the starting position of the con-
tainers, such that the sticker was found in the same location as it was
hidden) before removing the screen and asking children to guess
which container held the sticker. Across the six trials, all six possible
orders for the final position of containers were used, with the stickers
being hidden twice in each container and found twice in each final
position (see S1 in the online supplemental materials for complete
counterbalancing information). After shuffling, children had no indi-
cation of where the sticker was hidden and had to simply guess
between the three options.

Preliminary Training

The experimenter replaced the apparatus with three differently
shaped transparent jars. They then held three identical sticks in
front of the child and explained, “We’re now going to use these
sticks, and we’re going to call them ‘markers’. In this game, you
can always do whatever you want with your markers.” The exper-
imenter then placed one marker into each of the transparent jars,
while saying “You can put your markers into containers, just
like this.” They then removed the markers from the jars, passed
them to the child, and asked, “Can you try putting a marker into
each of the containers?” Once the child had done this, the exper-
imenter removed the markers from the jars, while saying “You
can also take your markers out of containers, just like this.”
They returned the markers to the jars and asked, “Can you try tak-
ing the markers out of the containers?” This process allowed chil-
dren to gain permission to add and remove markers throughout the
task, and to practice these behaviors while avoiding the basic con-
ditioning effects of performing this training using the test appara-
tus. Once the child had completed this stage, the experimenter
replaced the three jars with the original apparatus used in the expe-
rience task.

Training Task

The experimenter then told the child that they would “start by
using one marker.” The child completed three trials of the training
task, which followed the same procedure as the experience task,
except that prior to shuffling, the experimenter placed one marker
into the transparent jar attached to the rewarded container
(see Figure 1 Phase 2). The marker therefore indicated the
presence of the sticker, so that after the containers were
shuffled, children simply had to locate the marker and search in
the attached container (as for half of the children in Armitage et
al., 2022). Across the three trials, three possible orders for the
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Figure 1
A Representation of All Four Phases of the Task, With Each Phase Comprising Three Steps

1. Experience Task 2. Training Task ‘
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Note.  All children completed the first three phases of the task, but only those that used an external strategy
in the third phase also completed the fourth phase. The experimenter’s actions are represented in red, and the
child’s actions in blue. In each phase, the experimenter always hid a sticker (denoted by the yellow stars) and
shuffled the containers behind a screen (denoted by the black bars), and in Phase 2, the experimenter also
placed the marker (denoted by green bars). In Phase 3, the marker was given to the child, and the bolded blue
arrow indicates where they should have placed the marker in order to indicate the location of the reward. In
Phase 4, all three containers were marked, and the bolded blue arrow indicates which marker the child should
have removed in order to indicate the location of the reward. In each phase, the blue asterisks above the con-
tainers in step 3 represent where the child should search for the sticker if they understand the task (and have
marked correctly). Note that the actual target hiding locations and shuffled container locations were coun-
terbalanced across children and trials. See the online article for the color version of this figure.

final position of containers were chosen, with the stickers analyses if they passed at least two of the three training trials,
being hidden once in each container and found once in each as evidenced by correctly selecting the marked container after
final position. The data for each child were only included in shuffling.
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Reminder-Setting Task

Children then completed six trials of the reminder-setting task,
which also followed the same procedure as the experience task,
except that prior to shuffling, the experimenter placed one marker
on the ground in front of the child while saying “Remember, you
can do whatever you want with this one.” The experimenter covered
their eyes and asked the child to let them know when they were
ready for the containers to be shuffled (see Figure 1 Phase 3).
Once the child told the experimenter that they were ready, the shuf-
fling procedure commenced. The reminder-setting task followed the
same counterbalancing procedures as outlined in the experience
task. All variables were coded using video recordings of testing
sessions.

We were interested in whether children would spontaneously place
the available marker into the jar attached to the rewarded container,
such that the marker differentiated the rewarded container from the
unrewarded containers, as observed during training. After the shuf-
fling procedure, they would then simply need to locate the marker
and search in the attached container. By contrast, if children did not
use the available marker, or placed it into a jar attached to an unmarked
container, such that the marker did not differentiate the rewarded con-
tainer from the unrewarded containers, they would be left guessing the
answer. In other words, in the reminder-setting task children could not
use the mere absence of a marker as a cue to find the target. If children
did not use a marker at all in this task, they were thanked for their time,
compensated with a small prize, and the caregiver was provided with a
written and verbal debrief.

Transfer Task

Children who used at least one marker in the previous task (either
correctly or incorrectly) were administered six trials of the transfer
task. This task followed the same procedure as the reminder-setting
task, except that the experimenter placed one marker into each of the
three transparent jars, while saying “This time, we’re going to use all
three markers.” The experimenter then pointed to the markers and
said, “Remember that you can do whatever you want with these.”
Although this task could be solved using the same logic as the
reminder-setting task, by differentiating the rewarded container
from the unrewarded container, children had to spontaneously
devise a novel means of achieving this. For example, rather than add-
ing a marker to an empty transparent jar, as in the reminder-setting
task, children could instead choose to remove the marker from the
rewarded container, and leave the unrewarded containers marked
(see Figure 1 Phase 4). Thus, the absence of a marker would indicate
the presence of the sticker, so that after the containers were shuffled,
children would simply have to locate the empty transparent jar and
search in the attached container. The transfer task followed the
same counterbalancing procedures as the experience task. Once chil-
dren had completed their six trials, they were thanked and compen-
sated, and their caregiver was debriefed.

Results

Children’s responses across all six trials in the relevant phases
were analyzed using generalized estimating equations (GEEs) that
accounted for covariance between each individual’s responses.
Our preregistration specified an analysis plan for children’s marking
behaviors, but we also report additional analyses to provide a fuller

picture of children’s performance in each task. Any analyses that
were not included in our preregistration have been explicitly labeled
as exploratory. All analyses were performed using the statistical pro-
grams R (R Core Team, 2019) and SAS 9.4 (SAS Institute Inc.,
2013). No significant sex differences were detected across any
dependent variables in the data set, and so we do not report effects
of sex in the main text. All model details (including modeled inter-
actions and sex effects) for both preregistered and exploratory anal-
yses can be found in S2—-S5 in the online supplemental materials. All
data and syntax have been made publicly available at the Open
Science Framework and can be accessed at https://osf.io/4hctd/.

Experience Task

A one-sample 7-test indicated that children’s average search accu-
racy (M =2.19) did not significantly differ from chance (2/6),
t(71) =1.18, p =.243, substantiating the assumption that they
were simply guessing the target locations.

Reminder-Setting Task

We preregistered our intent to measure and analyze any use of
marking, which includes instances where children marked an incor-
rect container, and the correct use of marking, which only includes
instances in which the marker was correctly placed into the jar
attached to the rewarded container (results for each dependent vari-
able can be found in S3 in the online supplemental materials). Any
marking and correct marking in the reminder-setting task were both
modeled as a function of age (linear) and trial (linear). For any mark-
ing, there was a significant main effect of age, y*(1, N = 72) = 8.48,
p=.004, w=0.34 (Cohen, 1992), with 58.33% of 3- and 4-year-
olds, 83.33% of 5-year-olds, 66.67% of 6-year-olds, and 100%
of 7- and 8-year-olds spontaneously marking at least once across
their six trials. Overall, 3-year-old children spontaneously marked
on 58.33% of trials, 4-year-olds on 54.17% of trials, 5-year-olds
on 73.61% of trials, 6-year-olds on 63.89% of trials, 7-year-olds
on 98.61% of trials, and 8-year-olds on 90.28% of trials. A post
hoc test indicated that the apparent drop in performance between 5-
and 6-year-olds was not statistically significant, z=1.26, p = .104.
There was no significant main effect of trial, xz(l, N=72)=2.77,
p=.096, w=0.20, such that children were not more likely to spon-
taneously mark on later trials. For correct marking, there was also
a significant main effect of age, y*(1, N="72)=5.76, p =016,
w=0.28, as seen in Figure 2, and no significant main effect of
trial, x2(1, N=172)=2.58, p=.108, w=0.19. Again, a post hoc
analysis revealed no significant difference between the marking
behaviors of 5- and 6-year-old children, z = 1.54, p = .062.

An exploratory analysis assessed the effect of marking correctly on
children’s search accuracy. Accuracy was modeled as a function of
age (linear), trial (linear), and correct marking (binary). When children
marked correctly, their search accuracy was significantly increased,
x*(1, N=72) =46.88, p < .001, w=0.81, suggesting that children
did indeed recognize the utility of the reminders in guiding their
search behavior. While descriptive data suggest that the average num-
ber of trials answered correctly increased roughly with age across
3-year-olds (M =3.50, SD = 2.24), 4-year-olds (M =3.42, SD =
2.23), S-year-olds (M =3.91, SD=2.07), 6-year-olds (M =4.25,
SD =1.29), 7-year-olds (M =5.33, SD=1.50), and 8-year-olds
(M =5.00, SD=1.35), there was no significant unique effect of
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Figure 2
Children’s Marking Behavior in the Reminder-Setting Task
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age in the model, XZ(I,N: 72) =2.35,p = .125,w = 0.18. This find-
ing indicates that, when accounting for reminder use, neither older nor
younger children were more likely to find another systematic means to
pass the task. There was also no significant main effect of trial, (1,
N=72)=2.07, p=.150, w=0.17, and no age by correct marking
interaction, x2(1, N=72)=0.64, p=.423, w=0.09, indicating
that reminders were similarly useful to children across ages.

Transfer Task

Of the 72 participants in our original sample, 56 used a marker
(either correctly or incorrectly) at least once in the reminder-setting
task and thus met the criteria for inclusion in the transfer task. The
transfer sample included seven 3-year-olds (58.3%), seven 4-year-
olds (58.3%), ten 5-year-olds (83.3%), eight 6-year-olds (66.7%),
twelve 7-year-olds (100.0%), and twelve 8-year-olds (100.0%)
from the original sample. The preregistered transfer task analyses
were run first with only this limited sample, and then again with a
full sample where scores of 0 were imputed for children who did
not complete the transfer task (to simulate a random sample from
the population based on the assumption that children who did not
mark in the reminder-setting task would also fail to mark in the trans-
fer task). As the pattern of significant findings was consistent across
both samples, we only report the results from the limited sample of
children who qualified for and completed the transfer task in text
(results from both samples can be found in S4 and S5 in the online
supplemental materials).

As for the reminder-setting task, we also measured and analyzed
any use of marking and the correct use of marking in the transfer
task (results for each dependent variable can be found in S4 in the

online supplemental materials). Correct marking in the transfer task
was defined as any marking that differentiated the target container
from both of the other containers (see Figure 3 for example). Any
marking and correct marking were both modeled as a function of
age (linear) and trial (linear). For any marking, there was a significant
main effect of age, x°(1, N=56) = 32.94, p < .001, w = 0.77, with
0.00% of 3-year-olds, 57.14% of 4-year-olds, 30.00% of 5-year-olds,
87.50% of 6-year-olds, 91.67% of 7-year-olds, and 100% of 8-year-
olds spontaneously marking at least once across their six trials.
While 3-year-olds never marked spontaneously, 4-year-olds marked
on 19.05% of trials, 5-year-olds on 21.67% of trials, 6-year-olds on
81.25% of trials, 7-year-olds on 88.89% of trials, and 8-year-olds
on 97.22% of trials. A post hoc test indicated that the apparent increase
in performance between 5- and 6-year-olds was statistically signifi-
cant, z=06.15, p <.001. There was no significant main effect of
trial, xz(l, N=56)=0.55, p=.458, w=0.10. For correct marking,
there was also a significant main effect of age, y*(1, N = 56) = 32.18,
p <.001,w=0.76, as seen in Figure 3, and no significant main effect
of trial, Xz(l, N=56)=1.88, p=.170, w = 0.18. Again, a post hoc
analysis revealed a significant difference between the marking
behaviors of 5- and 6-year-old children, z =5.73, p <.001.

An exploratory analysis was conducted to assess the effect of
marking correctly on children’s search accuracy. Children’s search
accuracy was modeled as a function of age (linear), trial (linear),
and correct marking (binary). A significant main effect of correct
marking indicated that this behavior did indeed improve children’s
performance on the transfer task, xz(l, N=156)=19.43, p <.001,
w=0.59 (see Figure 3 Panels B and C for a visual represent-
ation of this age effect). As in the reminder-setting task, descriptive
data suggested an age-related increase in the average number of trials
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Figure 3
Children’s Marking Behavior in the Transfer Task
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(A) Representation of one participant’s use of five different effective strategies across the six transfer trials (note that the same strategy was used on the

first and sixth trials). (B) The percentage of trials (y-axis) on which children set effective or no/ineffective reminders, split according to age group (x-axis).
(C) Each participant’s use of effective and no/ineffective reminders (x-axis) on each trial (y-axis), split according to age group. See the online article for

the color version of this figure.

answered correctly across 3-year-olds (M = 2.14, SD = 1.07), 4-year-
olds (M = 2.00, SD = 1.41), 5-year-olds (M = 2.60, SD = 1.35), 6-year-
olds (M =5.13, SD = 1.46), 7-year-olds (M = 4.83, SD = 1.64), and
8-year-olds (M = 5.25, SD = 1.06). Again, however, there was no signif-
icant unique effect of age in the model, *(1, N = 56) = 0.14, p = .707,
w=0.05. There was also no significant main effect of trial,
x*(1, N=56)=0.71, p=.399, w=0.11, and no age by correct
marking interaction, Xz(l, N=56)=0.11, p=.743, w=0.04,
indicating that children across ages similarly benefited from mark-
ing correctly.

Flexibility of Marking Behaviors

Unlike in the reminder-setting task, there were multiple ways for
children to mark correctly in the transfer task (see Figure 3 for exam-
ples), and many children showed unexpected flexibility in finding
solutions. We therefore explored the number of different effective
marking strategies devised by children in this final phase. A child
would score a 1 if they only devised one effective strategy (regard-
less of whether they used it once or 6 times), and a 6 if they devised
six different effective strategies (i.e., a different strategy on each
trial). The number of effective strategies devised by the children in
our sample ranged from 0 to 5, and increased with age,
r(54) = .602, p < .001, with an average of 0.00 strategies for 3-year-

olds, 1.14 strategies for 4-year-olds, 1.40 strategies for 5-year-olds,
1.88 strategies for 6-year-olds, 2.75 strategies for 7-year-olds, and
2.92 strategies for §8-year-olds (see Figure 3 Panel A for an example
of the marking behavior of an 8-year-old child who devised five dif-
ferent effective strategies and successfully located all six stickers
across the six trials).

We then organized children’s marking behaviors into four catego-
ries. No/ineffective marking included trials on which children either
refrained from marking or marked in a way that did not differentiate
the rewarded container from the unrewarded containers. A present
strategy included trials on which the presence of one, two or three
marker/s differentiated the rewarded container from the unrewarded
containers. An absent strategy included trials on which the absence
of a marker differentiated the rewarded container from the unre-
warded containers. Some marking strategies did not meet the criteria
of present or absent strategies because they did not involve the
actions of adding or removing markers. These were termed other
strategies and may be considered more innovative as they do
not resemble behaviors demonstrated throughout the experiment
(see Figure 4 Panel A for examples of each type of strategy).

To analyze these data, we created a separate variable for each cat-
egory, where a score of 1 indicated that the marking behavior of
interest was used, and a score of 0 indicated that another marking
behavior was used. We then modeled each category as a function
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Figure 4
Children’s Strategy Use in the Transfer Task
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(A) Examples of marking behaviors that were categorized as either no/ineffective marking, or as an effective strategy for differentiating the rewarded

container from the unrewarded container, classified as either a present, absent, or other strategy. Note that in the other category, the top-left diagram shows a
marker being placed across rather than inside the glass jar, the top-right diagram shows a marker being bent out of shape, the bottom-left diagram shows fluff
from a shirt or carpet being placed on top of a marker, and the bottom-right diagram shows a marker being pointed in the opposite direction to the other markers.
(B) The percentage of trials ( y-axis) on which no/ineffective marking, and present, absent, and other strategies were used, split according to age group (x-axis).
(C) The percentage of participants’ use of no/ineffective marking, and present, absent, and other strategies (x-axis) on each trial (y-axis), split according to age

group. See the online article for the color version of this figure.

of age (linear) and trial (linear). Significant main effects of age were
detected in all models. Children became less likely to refrain from
marking or use their markers ineffectively with increasing age,
(1, N=56)=32.58, p<.00l1, w=—0.76, with 3-year-olds
meeting these criteria on 100% of trials, 4-year-olds on 83.33% of
trials, 5-year-olds on 81.67% of trials, 6-year-olds on 25.00% of tri-
als, 7-year-olds on 15.28% of trials, and 8-year-olds on 8.33% of tri-
als. By contrast, for the present strategy use, x>(1, N = 56) = 9.96,
p=.002, w=0.42, absent strategy use, xz(l, N=56)=28.53,
p=.004, w=0.39, and other strategy use, Xz(l, N=56)=06.43,
p=.011, w=0.34, children became more likely to use these strate-
gies with increasing age (see Figure 4 Panels B and C for a visual
depiction of these effects). Three-year-olds did not use present strat-
egies on any trials, but 4-year-olds did on 7.14% of trials, 5-year-
olds on 18.30% of trials, 6-year-olds on 50.00% of trials, 7-year-olds
on 48.61% of trials, and 8-year-olds on 31.94% of trials. Three- and
5-year-olds also did not use absent strategies on any trials, but
4-year-olds did on 12.50% of trials, 6-year-olds on 18.75% of trials,
7-year-olds on 29.17% of trials, and 8-year-olds on 23.61% of trials.
Finally, 3-, 4-, and 5-year-olds did not use other strategies on any

trials, but 6-year-olds did on 6.25% of trials, 7-year-olds on 6.94%
of trials, and 8-year-olds on 36.11% of trials. Across the
four models, there were no main effects of trial (all Xzs < 2.54, all
ps > .111, all ws <0.21), indicating that each category of marking
behaviors was used relatively consistently across earlier and later
trials.

Finally, we explored whether the use of a strategy that facilitated
correct retrieval on one trial increased the likelihood of using the
same type of strategy on the following trial. The type of strategy
used by children on trials 2—6 of the transfer task was coded as either
the same (1) or different (0) from the type of strategy used on the pre-
ceding trial (note that trial 1 was therefore excluded from this anal-
ysis). This dependent variable was then modeled as a function of age
(linear), trial (linear), and accuracy on the preceding trial (binary).
A significant main effect of age indicated an age-related decrease
in the use of the same type of strategy on consecutive trials,
xz(l, N=56)=541, p=.020, w=—0.31, across 3-year-olds
(M =1.00, SD = 0.00), 4-year-olds (M =0.77, SD = 0.43), 5-year-
olds (M=0.94, SD =0.24), 6-year-olds (M =0.80, SD =0.41),
7-year-olds (M =0.70, SD =0.46), and 8-year-olds (M =0.67,
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SD = 0.48), substantiating the claim that older children showed
greater flexibility in strategy use across trials. However, there
was no significant main effect of accuracy on preceding trials,
%*(1, N=156) =0.05, p = .819, w = —0.03, indicating that children
were not more likely to continue using strategies that proved to
be effective, and this effect did not vary significantly with age,
Xz(l, N=56)=3.68, p=.055,w = 0.25. There was also no signifi-
cant main effect of trial, x2(1, N=56)=2.16,p=.142, w=0.19.

Discussion

We presented 3—8-year-old children with a paradigm that required
self-initiated reminder-setting to successfully locate a reward on
every trial. While all 7- and 8-year-old children demonstrated a pro-
clivity to engage in self-initiated reminder setting, in line with the
consistent finding that children of this age can readily recognize
and compensate for their cognitive deficits (Armitage et al., 2020;
Armitage & Redshaw, 2022; Bulley et al., 2020), we also found evi-
dence of this behavior in the youngest children. Most 3-year-old
children set at least one correct reminder in the initial reminder-
setting task, suggesting that, even when the requirement to mark
on every trial is removed (cf. Armitage et al., 2022), young children
are still able to self-initiate their own external reminder-setting
strategies.

It is likely, however, that the success of 3-year-old children in the
reminder-setting task was due to being proficient imitators (Nielsen
& Blank, 2011), such that the brief demonstration of the target
behavior during the training phase was sufficient to guide subse-
quent reminder setting. Indeed, none of the 3-year-olds used any
external strategy (effective or ineffective) in the transfer task,
where doing so required a different set of actions guided by the
same logic as the initial task. By contrast, some children aged
4 years and older were able to spontaneously transfer the logic of dif-
ferentiating the marked container from unmarked containers to
devise novel solutions to the transfer task, and by age 6 children
were spontaneously using effective external strategies on the major-
ity of transfer trials. The competence demonstrated by children in the
transfer task extends beyond what can be attributed to imitation, pro-
viding compelling evidence that they understood the reasoning
behind their marking behaviors in the reminder-setting task.

The results from the transfer task provide further evidence that
external cognitive strategies become far more frequent from around
6 years (Armitage et al., 2020; Armitage & Redshaw, 2022; Bulley
et al., 2020), potentially due to transitions in executive functions
(J. R. Best & Miller, 2010) or metacognitive control (Schneider et
al., 2022). Executive functions refer to the skills necessary for pur-
poseful goal-oriented action (Anderson, 1998), such as problem
solving, reasoning, and planning, and include the abilities to think
creatively and flexibly (Diamond & Lee, 2011; Mahy et al., 2014).
Many of these skills are directly relevant to the demands of the trans-
fer task, and accordingly, the notable increases in external cognitive
strategy use around 6 years correspond to marked developmental
improvements in executive functions after age 5 (J. R. Best et al.,
2009; J. R. Best & Miller, 2010). A critical avenue for future
research is therefore to empirically test this hypothesis, to ascertain
whether any variance in children’s external cognitive strategy use
can be explained by developmental improvements in executive
functions.

The finding that at least some 4- and 5-year-old children trans-
ferred an external cognitive strategy aligns with research suggesting
that children of this age can similarly transfer internal cognitive strat-
egies across contexts (Clerc & Miller, 2013). Other studies, however,
have not found a transfer of internal strategies until later in develop-
ment (Chen & Klahr, 1999; Klahr & Nigam, 2004; O’Sullivan &
Pressley, 1984; Ringel & Springer, 1980). Our finding of an early
emergence may be due to a close “transfer distance” (Klahr &
Chen, 2011) between the reminder-setting and transfer tasks.
Indeed, while younger children are able to transfer internal cognitive
strategies across contextually similar environments with minimal
time delays, as in the current study, more remote transfer may only
become possible later in childhood (Klahr & Chen, 2011). Future
research should therefore investigate far transfer of external
reminder-setting strategies, perhaps by creating a more visually
and procedurally distinct transfer task and introducing a time delay
between the learning and transfer contexts.

A particularly unexpected finding was the number of unique
effective strategies devised by children in the transfer task.
Children of all ages (aside from 3-year-old children who did not
set any reminders in this task) showed some degree of flexibility
in the application of the previously acquired strategy to a new con-
text. Although there is no ostensible functional benefit of devising
more than one effective reminder-setting strategy in this context,
4-year-old children were, on average, already devising more than
one effective strategy across the six trials, possibly in an attempt to
make the task more enjoyable or show off to the experimenter.
This tendency increased with age, with many of the older children
demonstrating remarkable flexibility in their strategy use and greater
reluctance to deploy the same strategy on subsequent trials regard-
less of whether it was previously effective. Furthermore, many strat-
egies devised by older children involved behaviors other than simply
adding or removing markers, showing creativity beyond what they
had observed in training (e.g., differentiating the rewarded container
from the unrewarded containers by bending the relevant marker out
of shape or pointing it toward a different direction; see Figure 4 for
an illustration of these behaviors). This developmental pattern of
increased use of multiple external reminder-setting strategies during
early and middle childhood mirrors the developmental pattern seen
for internal memory strategies (Schwenck et al., 2009). The pattern
also aligns with more general age-related improvements in innova-
tion, as measured by children’s ability to create a novel tool to
retrieve a reward (Beck et al., 2011), and divergent thinking, or
the ability to generate multiple relevant and original alternative solu-
tions to a single problem (Guilford, 1975; Said-Metwaly et al.,
2021).

There were also pronounced individual differences in the types of
strategies devised by children. While young children often refrained
from marking or used their markers ineffectively, many older chil-
dren deployed a range of effective strategy types classified as pre-
sent, absent, or other. Within each age group (excluding the
3-year-olds), there was variability not only in the number of strategy
types used, but also the combination and order of strategies across
the six trials, with no single strategy predominating on earlier or
later trials. While similar variability in strategy use has been found
in same-age children after prompting them to use a specific internal
memory strategy (Schwenck et al., 2009), our results demonstrate
that such variability can even emerge spontaneously, while holding
training procedures and instructions constant across all participants.
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We have already highlighted several limitations of this study,
including being unable to confirm the hypothesized relationship
between executive functions and external cognitive strategy use,
and only exploring near transfer rather than far transfer. Another
notable limitation, however, is the generalizability of our findings.
Our sample was drawn from a White, Educated, Industrialized,
Rich, and Democratic (WEIRD; Heinrich et al., 2010) population
and was skewed toward socioeconomic advantage. We also recruited
from an opt-in university database, resulting in a sample of families
able and willing to volunteer their time to tertiary research. In line
with this sampling strategy, which was necessary due to
COVID-related restrictions on testing in public locations (see
Participants section), the majority of participating families reported
being highly educated, with almost half having at least one parent
with a higher tertiary qualification. Further research might therefore
explore whether these findings generalize to families with more rep-
resentative socioeconomic status and education levels, as well as
across cultures to non-WEIRD populations.

Here, we have presented evidence suggesting that while 3-year-
old children can copy and benefit from reminder-setting strategies,
they may not yet possess the understanding required to devise
their own. By contrast, from age 4, some children were able to
engage in logical self-initiated reminder setting, as demonstrated
by their ability to spontaneously devise previously unseen reminder-
setting strategies in the transfer task that followed the same logic as
the initial task, with this tendency increasing markedly with age.
Unexpectedly, children aged 4 and older typically devised more
than one effective external reminder-setting strategy in the transfer
task, with the number, combination, and order of strategies used
varying widely both within and across age groups. Our results
therefore capture young children’s remarkable flexibility in the trans-
feral of external strategies across contexts and highlight the emer-
gence of individual differences in spontaneous external strategy
deployment.
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