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Abstract

Delay of gratification—a form of self-control-is the ability to forsake immediately available
rewards in order to obtain larger-valued outcomes in future, which develops throughout the
pre-school years. The majority of previous research in this area has been conducted with
Western populations, therefore knowledge of Eastern children’s performance is scarcer.
Here, utilising on a recently published dataset of British children (n = 61), we further tested
delay of gratification in 3 to 5-year-old Chinese children (n = 75) using Bramlett et al.’s
(2012) delay choice paradigm. The paradigm was previously used in hon-human primates
and it featured a mechanized rotating tray that sequentially moves rewards within reach.
Additionally, we administered 3 inhibitory control tasks and 1 standardised delay choice task
to Chinese pre-schoolers (British children were not tested). We aimed to investigate the
influence of culture, reward type and reward visibility on pre-schoolers’ ability to delay gratifi-
cation. We found significant age-related improvements in delay of gratification ability in both
countries and children performed better when presented with rewards varying in quality than
quantity. Consistent with previous cross-cultural literature, Chinese children showed better
overall performance than their British peers when reward visibility was manipulated (though
reward visibility itself had no significant effect on performance). There were significant corre-
lations in Chinese children’s performance in Bramlett et al.’s (2012) delay choice paradigm
and performance in some (though not all tested) inhibitory control tasks. We discuss these
results in relation to task demands and the broader social orientation of self-control. We con-
cluded that the intuitive comparative assessment of self-control task taps into children’s
delay of gratification ability. Our results emphasize the importance of testing for socio-cul-
tural influences on children’s cognitive development.

Introduction

Delay of gratification, a specific form of self-control that involves future-oriented decision-
making, is defined as the ability to abstain from taking immediate smaller rewards in order to
achieve larger-valued goals in the long-term [1]. From financial decisions to foraging
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behaviours, humans and other animals frequently face inter-temporal choices in which they
weigh the costs and benefits associated with immediacy or delayed actions [2, 3]. As a develop-
mental index of self-control [4], young children’s propensity to postpone gratifying responses
has been associated both with day-to-day functions, such as eating behaviours [5], as well as
long-term consequences in academic achievement, social and cognitive competence and well-
being [6-9]. With a growing body of animal studies demonstrating its evolutionary origin and
significance [10, 11], delay of gratification has become one of the most prolifically researched
topics in psychology.

Parallel to the development of many cognitive milestones, children’s capacity to delay grati-
fication undergoes dramatic changes in pre-school years and continues to mature into early
adolescence [12]. Predominantly, researchers have used two paradigms to measure delayed
gratification ability in humans and other animals, specifically delay maintenance and delay
choice tasks. In the classic delay maintenance paradigm, the marshmallow test, children were
given a single trial to decide whether to have one marshmallow now or wait for more marsh-
mallows later [13-15]. The measure of interest is the length of time lapsed as children need to
maintain their action in the face of a tempting treat. On a standardised delay choice paradigm,
delay of gratification ability is assessed over multiple trials in which dichotomous choices are
made between a smaller immediate reward and a larger delayed reward [16-19].

Researchers have documented pre-schoolers’ delayed gratification ability with both primary
food rewards, for example, sweets and secondary non-food rewards such as stickers or toys. The
typical and consistent findings of delay choice tasks have indicated that 3-year-olds have diffi-
culty in choosing future rewards whereas 4-year-olds and older children demonstrate higher
level of success in future-oriented decisions [16-19]. Children in middle childhood continue to
show similar age-related performance in delay choice tests. Older children are more likely to
delay their gratification, are sensitive to the temporal aspects of different delay options and
adopt strategies to decrease their postponed choices with increasing delay interval [20]. With
delay maintenance paradigms, researchers have repeatedly found that pre-schoolers’ waiting
time increases with age. Some previous studies found that a delay above 5 minutes is difficult
for 3-year-olds [13, 20], whereas older children can sustain a delay of more than 20 minutes [21,
22]. Recently, emerging evidence has revealed a cohort effect; over the past 50 years, there has
been an increase of children’s performance in the delay maintenance task, with children born in
2000s waiting on average 2 minutes longer than children in the 1960s [23, 24].

The maturation of delay of gratification ability is a slow process because of its complex cog-
nitive profile. Recent work has identified several potential candidates which scaffold its devel-
opment in young children. Notably, executive function, a set of higher order cognition, is
regularly employed for goal-directed behaviours. Among children, it has been considered as a
unitary construct comprising three key components, namely working memory, cognitive flexi-
bility and inhibition [25, 26]. Working memory involves holding and updating information
mentally even when it’s no longer perceptually present. Cognitive flexibility entails the capacity
to switch perspectives and adjust behaviours to changed demands. Inhibition, also referred as
inhibitory control, is the ability to control one’s attention and behaviour to suppress pre-
potent impulsive responses and select the more appropriate responses for different circum-
stances [27]. Although delay of gratification can be considered a form of inhibition, there are
fundamental distinctions between self-control and inhibitory control [2]. Specifically, the for-
mer requires decisions and actions to sustain a waiting period or to employ greater effort to
obtain the delayed but more valuable outcomes, whereas the latter requires suppressing pre-
potent responses. A battery of tasks, including the Stroop tasks and go/no-go tasks [28, 29],
has been developed to measure cognitive and motor inhibition yet not all tasks rely on self-
control ability [2].
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Theoretically, each executive function component has been hypothesized to contribute dif-
ferently to children’s propensity to resist short-term temptations [30]. The most intuitive link
lies between inhibition and delayed gratification, as the former prevents irrelevant thoughts
and actions to interfere with future-oriented decisions and to resist the temptation of an
immediately available reward [31, 32]. Indeed, better inhibitory control ability has been linked
with higher rate of success on delay maintenance paradigms as well as delay choice tasks [33,
34]. Specifically, children who performed better on cognitive inhibition tasks (e.g., Day-Night
task) and motor inhibition tasks (e.g., self-ordered pointing test) also showed greater capacity
of delayed gratification. Moreover, working memory could facilitate children’s ability to post-
pone gratification by holding the task demand and the goal to obtain a better reward in mind
[35, 36]. Neuroscience findings have indicated overlapping prefrontal regions of executive
function and inter-temporal decisions [37]. Furthermore, an intervention study, which tar-
geted working memory and inhibitory control, found that through weekly 1.5 hour small
group play activities in a school setting for 6-8 weeks, there were significant improvements on
children’s capacity to delay gratification [38].

Children exhibit varying degrees of delayed gratification ability. These individual differ-
ences have been attributed both to their underlying cognitive competency as well as contextual
factors, such as reward type and reward visibility. Broadly, researchers have shown that chil-
dren’s performance is influenced by their social perspective; for example, making decisions for
another person [19, 39], observing their in-group members choosing to delay [40], perception
of the environmental reliability and experimenter trustworthiness [41, 42].

Another line of research has focused on the more fundamental element in delayed gratifica-
tion scenarios: the reward itself and reward representation. Raclin [43] suggested that reward
value varies as a function of quality and quantity, and humans take reward representation into
consideration while making inter-temporal choices. Notably, researchers have consistently
found that children were more likely to delay when the quantity of later options increased [18,
44]. When faced with a significantly larger delayed option, even 2-year-olds could sustain a
delay period as long as 16 minutes [45]. Comparably, less is known about the effect of reward
quality in human developmental literature. In primates, pigs and various avian species,
increased delay of gratification performance was found when delayed, higher quality rewards
were available in delay maintenance and delay choice task [46-50] as well as in a reverse-
reward contingency task [51]. More recently, Miller et al. [52] utilised an intuitive task on
delay of gratification, which was originally designed by Bramlett et al. [53] to test self-control
in non-human primates, referred to as the “rotating tray” task. Researchers demonstrated that
New Caledonian crows and pre-school children showed increased delayed gratification behav-
iours with qualitatively different rewards than with quantitively different rewards.

More replicated findings come from investigations on reward visibility. Children waited
longer for non-visible rewards [13, 54-57]. The strategy of directing attention away from the
reward and decreasing its consummatory nature facilitated delayed gratification performance
[13, 56, 57]. Such effects also apply to other species as researchers have tested delay of gratifica-
tion in non-human primates with nonvisible delayed rewards [58, 59]. Specifically, capuchin
monkeys exhibited delay of gratification in Bramlett et al.’s [53] rotating tray paradigm even
with invisible delayed rewards [59]. Notably, there is a methodological imbalance associated
with the findings of contextual factors in the human developmental literature. The majority of
studies have adopted the delay maintenance paradigm and the evidence on the role of reward
visibility tested with delay choice paradigm is scant [52].

Thus, it would be indecisive and potentially inaccurate to suggest that the contextual factors
which influence children’s capacity to maintain a delay would work similarly with tasks in
which children are required to make dichotomous choices. To date, only two studies have
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systematically manipulated reward representation in choice tasks and found mixed findings.
First, Garon et al. [44] revealed that children’s performance changed as a function of reward
quantity but covering the reward had no effect. Second, Addessi et al. [60] found that pre-
schoolers displayed greater inclination towards the delayed option with actual food rewards
and low-symbolic tokens, but not with more abstract high-symbolic tokens. Given the incon-
clusive findings, further investigation is required to clarify the role of reward representation
on the delay choice task in children.

A noteworthy characteristic of the research on children’s delay of gratification is that the
data has primarily come from European-American countries, so that our knowledge of its
developmental trajectory, correlates and consequences could be culturally skewed and biased
[61]. In recent years, there has been increased effort devoted to examining cognitive develop-
ment outside the Western societies [62]. The development of self-control is acknowledged as a
malleable and context-specific process, which is sensitive to social and cultural influences [63].
Each country has its unique set of culturally specific ideologies and social norms; in traditional
Chinese Confucian philosophy, self-restraint and inhibition are considered as highly desirable
traits and the sign of accomplishment and maturity [64]. Thus, self-control and self-regulation
is valued and encouraged more in Chinese society than in Western cultures, which advocate
self-expression and assertiveness [65-67]. Consequentially, Chinese parents intentionally
adopt specific child-rearing strategies to facilitate self-control behaviours in children and such
effort extends to teaching activities and school environment [68-70].

Taking the cultural emphasis and societal effort into consideration, one may expect that
Chinese children show advantageous performance on self-control tasks than their European-
American peers. Indeed, there are consistent findings suggesting that Chinese children outper-
form their Western counterparts on a battery of executive function tasks and specifically mea-
sures of inhibitory control [71, 72]. Such cultural differences emerge as early as pre-school age
and continue into adolescence [73, 74]. However, these studies have predominantly employed
cognitive and motor inhibition tasks. There has been little attempt to directly compare chil-
dren’s delay of gratification ability cross-culturally despite its theoretical and developmental
significance. To the best of our knowledge, only one study had done so. Lamm and colleagues
tested pre-schoolers from a German city and a rural Cameroonian Nso community with a
standardised delay choice marshmallow test. The findings indicated that Nso children dis-
played greater level of delayed gratification ability than their German peers [75]. Socialization
goals and parental interactions were correlated with children’s delay of gratification perfor-
mance, a finding consistent with previous literature [76]. Nevertheless, to date there has been
no investigation on the Eastern and Western contrast of delayed gratification ability with a
delay choice paradigm. Furthermore, the role of reward representation has not been examined
in East Asian cultures, posing important questions regarding the universality of contextual fac-
tors in children’s inter-temporal decisions.

In the current study, we aimed to address these literature gaps by testing Chinese and Brit-
ish pre-schoolers on delay of gratification. Cultural and social environments differ greatly
between the United Kingdom and mainland China. Previous researchers have conducted East-
ern versus Western comparisons in children’s cognitive development with these two popula-
tions [73, 77]. In the present study, children’s delayed gratification performance was assessed
with Bramlett et al.’s [53] delay choice paradigm and we manipulated reward type using
rewards differed in quality and quantity. Specifically, the rotating tray task has recently been
adopted to test capuchin monkeys [59, 78] as well as comparatively in New Caledonian crows
and British children [52].

Furthermore, meta-analysis has revealed a very moderate convergence between the differ-
ent tests measuring delay of gratification ability [79]. Therefore, in order to compare
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performance between the rotating tray delay choice paradigm with several standardised devel-
opmental paradigms, we also administered a battery of standardised developmental measures
with the same sample of Chinese children (though not British children). Specifically, these
were: a standardised delay choice task [19] and three inhibitory control tasks (Day-Night, [80];
Grass-Snow, [81]; Knock-Tap, [82]). Few studies have investigated whether delay of gratifica-
tion performance is consistent within individuals when tested with different paradigms [52,
78]. Furthermore, to date there has been no investigation dedicated to examining the underly-
ing relationship between the comparative task of delay of gratification [53] and inhibitory
control tests among pre-schoolers. In addition to inhibiting the pre-potency of reaching-
and-taking responses for the sooner reward, the rotating tray task taps into the ability to make
and act upon future-oriented decisions [2, 53]. Therefore, knowledge of how Bramlett et al.’s
[53] delay choice paradigm correlate with standardised inhibitory control tasks would shed
light on our understanding of the similarities and differences among various measures of self-
control.

The overarching aims of our study were twofold: 1) to compare delay of gratification in
Chinese and British pre-schoolers, including whether reward representation (Experiment 1)
and reward visibility (Experiment 2) influence children’s capacity to postpone gratification,
and 2) to examine the convergent validity of the rotating tray task by testing whether perfor-
mance in Bramlett et al.’s [53] paradigm correlates with performance in standardised develop-
mental paradigms in the Chinese sample. Data on the British children came from a recently
published study [52] using the same rotating tray task while the Chinese data was collected
and utilised only in the current study. Based on existing literature of the Western-Eastern con-
trast of socialization goals and Chinese children’s advantage on various self-control measures,
we predicted that Chinese children would outperform their British counterparts in the rotating
tray delay choice task. In particular, we hypothesized that Chinese children would make more
future-oriented decisions and exhibit greater delayed gratification ability by waiting for the
delayed and more preferred rewards. With the rotating tray task, we expected to find universal
age-related performance in children that follows a similar developmental trajectory as other
delay of gratification paradigms [16-19]. Additionally, Chinese children’s performance on
Bramlett et al.’s [53] rotating tray task was predicted to correlate with the standardised mea-
sures of inhibition and delay choice task. In terms of the contextual factors, we expected to see
similar patterns to those in Miller et al. [52], Garon et al. [44] and Purdue et al. [59] where chil-
dren and non-human primates performed better when the rewards varied in quality than in
quantity, and reward visibility had no influence on performance.

Methods
Ethics statement

All procedures performed in the present study were in accordance with the ethical standards
of and were approved by the University of Cambridge Psychology Research Ethics Committee
(PRE. 2018. 080). There was no national regulation applying to foreign researchers and no rel-
evant approval required to conduct data collection in China, however, we did follow the same
protocols for the rotating tray task as outlined in our UK ethics approval. Information sheets
and consent forms were provided to parents and written parental consent was obtained prior
to participation of the children. We also obtained written consent from parents to video record
the experimental sessions. For the video in the supporting information, the individual pictured
in the video has provided written informed consent (as outlined in PLOS consent form) to
publish their image alongside the manuscript.
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Participants

One hundred and thirty-six children aged between three and five-years-old participated in the
study. In Britain, 61 children took part in the study: 20 3-year-olds (Mean = 3.65 years,
Range = 3.01-3.98 years), 21 4-year-olds (M = 4.68 years, R = 4.05-4.99 years) and 20 5-year-
olds (M = 5.34 years, R = 5.05-5.87 years), of which 31 were male and 30 were female. The
British participants were recruited and tested at nurseries and schools in Cambridgeshire and
Buckinghamshire, which served predominantly white, middle-class backgrounds. In China,
we recruited and tested 75 children: 25 3-year-olds (M = 3.65 years, R = 3.02-3.96 years), 25
4-year-olds (M = 4.43 years, R = 4.08-4.95 years), 25 5-year-olds (M = 5.32 years, R = 5.00-
5.90 years), of which 40 were male and 35 were female. The Chinese participants were
recruited and tested at university affiliated nurseries with Chinese middle-class backgrounds
in Kunming, Yunnan Province.

The British data was collected using the rotating tray delay choice paradigm in March-June
2018, with the data set being utilised already in Miller et al. [52] comparative study on delay of
gratification in children and New Caledonian crows. The Chinese data (all tasks described in
the present study) was collected from November-December 2018 specifically for the present
study and has not been used in any other publications to date. Due to the difficulty of tracking
previous participants, obtaining consent and the children getting older (which could influence
developmental patterns), we were unable to recruit the same group of British children as in
Miller et al. [52] again for further testing for the present study. Therefore, we collected and
present data in this study on the inhibition control tests and standardised delay choice task
from Chinese participants only.

Apparatus

Task 1. Rotating tray paradigm (adapted from Bramlett et al. [53] with capuchin mon-
keys). In Task 1, the rotating tray paradigm, a 38cm diameter elevated revolving disk was
used (Fig 1). The task was adapted from previous non-human primate studies [53, 59, 78]. The
disk was mounted on top of a rotation device moving at a speed of 68 seconds per rotation and
was operated with a remote control by the experimenter. The apparatus was positioned on a
table between the experimenter and the participant, allowing them to sit face-to-face. To pre-
vent children from taking rewards before they were positioned directly in front of them, the
revolving disk was contained within a transparent Perspex box (41cm x 34cm x 14cm) with a
29cm x 7cm rectangular opening at the front. We used two small plastic containers to hold
rewards (stickers—see details below) and they were positioned at pre-set locations on the disk,
referred to as location 1 and location 2. Specifically, the first container at location 1 would

Fig 1. Rotating tray with two containers.

https://doi.org/10.1371/journal.pone.0256966.9001
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come within the participant’s reach after 5 seconds, and the second container at location 2
after 15 seconds. These delays were chosen for two reasons; first to be comparable to the previ-
ous non-human studies using a similar paradigm [53, 59] and second to be identical to the
length of delays adopted in the Miller et al. [52] study with British children.

In the current study, we prepared different types of rewards for the quality and quantity
conditions. In the quality condition, the most preferred reward was a large glittery picture
sticker (higher quality) and the least preferred reward was a plain sticker of similar size (lower
quality). For the quantity condition, we used mini sparkly, picture stickers—the most preferred
reward was 4 mini stickers (larger quantity) and the least preferred reward was 1 mini sticker
(smaller quantity). Additionally, we also used an “OK” reward which was a yellow smiley
sticker during the training in order to maintain participants’ motivation during testing as all
trials were conducted in one session.

Preference test. To check that the participants were able to accurately select the reward
determined to be “most preferred”, i.e. higher quality or larger quantity over the reward deter-
mined to be “least preferred”, i.e. lower quality or smaller quantity, we conducted a preference
test between the higher quality sticker and lower quality sticker (quality condition), and for the
large and small amount of stickers (quantity condition). We presented both reward options on
the table simultaneously and asked participants to pick their favourite option. We ran one trial
per condition because our pilot testing revealed that most children showed a clear preference
for the most preferred over least preferred options on their first choice. We also wanted to
limit the number of stickers being offered in order to maintain motivation in obtaining the
rewards across the trials.

Procedure. Participants were tested on a one-to-one basis with a female experimenter in
temporary visual isolation from other children in nurseries, preschools and schools (UK) and
nurseries (China). In the UK, for some of the younger children, a member of staff was present
but did not interact with the participant. To minimise any potential influence of the experi-
menter and reduce unconscious cueing, we developed a protocol of procedural and specific
instructions to guide behaviours during the interactions with participants.

Experiment 1: The influence of reward type-reward quality vs. quantity

Training. We ran one demonstration trial, where the experimenter started the rotating
tray and asked the child to select the container once it arrived in front of them. The experi-
menter then used two forced-choice training trials i.e. only one transparent container present
at either location 1 or 2, with one trial per condition, and no container at the other location, to
introduce the rotating apparatus and to ask the participant to select the container with the
“OK” reward when it arrived in front of them, within their reach. Participants were then told
that there would be 2 containers on the rotating disk, but they could select only 1 container
and the disk would stop moving once they made their choice. The purpose of these training
trials was to ensure that children were able to pay attention when rewards become accessible
and to retrieve the reward in its container from the rotating disk.

Testing. In test trials, the container holding the most preferred reward (higher quality/
larger quantity) was placed at location 2 and the least preferred reward (lower quality/smaller
quantity) at location 1, and vice versa in control trials. Therefore, in test trials, participants
need to wait longer (15 seconds) for the most preferred rewards. The purpose of control trials
was to make sure that participants were selecting the most preferred reward on the basis of its
location, as opposed to learning to wait for the delayed reward irrespective of the reward type.
The rewards were placed inside the transparent containers in sight of participants and they
remained visible throughout the trials. We ran separate trials for the quality and quantity
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Quality condition

Quantity condition

condition. Overall, there were 8 trials: 2 test trials and 2 control trials for each condition and
they were administered in a counterbalanced order. Participants were only allowed to make
one choice, i.e. to select one container by pointing to it. The experimenter stopped the tray
from rotating as soon as a choice was made and children were immediately given their selected
reward to keep.

Experiment 2: The influence of reward visibility

Training. The training comprised of 4 forced-choice trials, which was considered to rep-
resent a memory test. The purpose of the memory test was to ensure that children were able to
remember the location of a hidden reward, so that failure in the testing was unlikely to be
attributed to any memory constraints. The experimenter simultaneously picked up the two
transparent containers and placed them on the rotating disk. An “OK” reward was placed in
one of the containers (location 1 or 2) in sight of participants, with no reward in the second
location, and an opaque lid was then placed on both containers. As such, the reward hidden
within one of the containers was not visible once baiting had finished and the disk started
rotating. In total, there were 4 memory test trials, with 2 trials with the container at location 1
baited with the reward, and 2 trials with the container at location 2 baited. We ran 2 additional
trials for children who failed any of the first 4 trials, with one trial per location. All participants
passed the memory test; 84% of participants passed in the first 4 trials and 16% of participants
scored 3 out 4 in the first 4 trials and passed the subsequent additional trials.

Testing. Similar to Experiment 1, we ran test trials with the most preferred reward (higher
quality/larger quantity) in location 2 and least preferred reward (lower quality/smaller quan-
tity) in location 1, and vice versa for control trials. The rewards were baited in containers at
both locations simultaneously in view of the participants. To investigate the influence of
reward visibility, we ran three different test types (Fig 2). In test type 1 (immediate reward visi-
ble), the container in location 1 had a transparent lid whereas the container in location 2 had
an opaque lid. Therefore, in this case, only the immediately available reward at location 1 was

Immediate reward visible Delayed reward visible Neither reward visible

o) (o s
D)0 G

0@

Fig 2. The quality and quantity condition test trials in Experiment 2. The least preferred (LP) in location 1 would come within
participants’ reach after 5 seconds, and location 2 with the most preferred (MP) reward after 15 seconds.

https://doi.org/10.1371/journal.pone.0256966.9002
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visible once the disk rotation started. In test type 2 (delayed reward visible), only the delayed
reward was visible as the container in location 2 had a transparent lid while the container in
location 1 had an opaque lid. In test type 3 (neither reward visible), neither rewards were visi-
ble once baiting completed as we used opaque lids for both containers.

In Experiment 2, we ran 12 trials with 6 trials for quality condition and 6 trials for quantity
condition. Of the 12 trials, we ran 4 trials for each test type and within each test type there
were 2 test and 2 control trials. The trials were administered in a counterbalanced order. Chil-
dren were not allowed to revoke their decision once they selected the container. All partici-
pants completed both experiments with a fixed order (Experiment 1 first followed by
Experiment 2) within the same session. Overall, the study lasted approximately 20 minutes
with a total of 28-30 trials (number of trials dependent on training performance). We ran-
domly assigned participants to 2 subgroups for order of test conditions; half of children
received the quantity condition then the quality condition, and the other half received the
quality condition first followed by the quantity condition.

Task 2-5. Standardised developmental paradigms

In addition to Bramlett et al.’s [53] rotating tray paradigm, we administered three standardised
inhibition tasks and one delay choice task [19] to the same sample of Chinese pre-schoolers.
These tasks were selected on the basis that they were sensitive to detect age-related changes
and were widely used in developmental literature [83, 84]. Participants completed these tasks
in a fixed order after the rotating tray task and the total length of these tasks was around 8
minutes.

Day-night [80]. This was a stroop-like verbal cognitive inhibition task. Children were
firstly asked to identify the day (picture of a sun) and night card (picture of a moon). Then
they were asked to say “day” for the night card and “night” for the day card as the cards were
shown one at a time. There were two practice trials with one trial of each picture card to ensure
that children understood the rule. If failed, the experimenter would repeat the instructions and
run two more practice trials. 16 cards were presented in a fixed random order and accuracy
out of 16 trials was noted.

Grass-snow [81]. This was a variant version of the Day-Night task. Children were firstly
asked to name the colour of grass and snow. Then the experimenter introduced one green
paper and one white paper and asked children to point to the green paper when they heard the
word “Snow” and to the white paper when “Grass” was spoken. Children received two practice
trials and repeated instructions if necessary. Accuracy out of 16 trials was recorded.

Knock-tap [82]. This motor inhibition task measured children’s ability to inhibit estab-
lished motor movement and impulses evoked by visual stimuli. The first part of the task
involved children mimicking the experimenter’s hand movement. After passing 8 consecutive
trials, children were then asked to perform the opposite hand movement from the experi-
menter. For example, if the experimenter knocks on the table, then the child should tap the
table with a flat palm, and vice visa. Accuracy out of 15 trials was recorded.

Delay choice task [19]. This was a standardised delay choice paradigm assessing young
children’s delay of gratification. Children were asked to choose between an immediately avail-
able reward of small quantity and a delayed reward of larger quantity. A total of nine trials
were administered; created by crossing three types of reward (stickers, animal erasers, cartoon
stamps) with three types of choices (1 now vs. 2 later, 1 now vs. 4 later, and 1 now vs. 6 later).
Both options were simultaneously and physically presented to children on a table. Children
received the immediate reward if they chose it, and the delayed reward was placed in an enve-
lope and remained inaccessible until the end of the study. Children waited approximately 2
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minutes and the delay length was the same for all participants. Each trial was solved correctly
when the child selected the delayed larger reward. Accuracy out of 9 trials were recorded. This
delay choice task was selected because it was a widely used standardised developmental para-
digm involving a series of dichotomous choice between immediate and delayed rewards,
which was similar to the rotating tray task.

Task 1: Data analysis for rotating tray paradigm. We recorded the choice per trial for
each child as “correct” or “incorrect”, with the correct choice being the reward of higher quality
or larger quantity, whether it was immediate (control trial) or delayed (test trial). In the prefer-
ence trials, 98.6% of British children and 97.3% of Chinese children selected correctly for quality
condition and 96.7% of British children and 93.3% of Chinese children selected correctly for
quantity condition. If a child failed to select correctly in the initial preference trials, they were
administered with one follow-up trial for the specific condition that they failed—the pass rate
for the follow-up trial was 100%. Given the methodological and analytical importance of test tri-
als, we present the results of test trials in the manuscript and include the analyses for the test
and control trials combined in the supporting information. We live coded as well as video
recorded all experimental sessions unless parents requested no recording. Cohen’s Kappa was
run to test for inter-rater reliability and there was good agreement, k = .828, p < .001. We
aimed to investigate the general developmental trajectory and potential factors affecting chil-
dren’s performance in Bramlett et al.’s [53] rotating tray task across both countries (British, Chi-
nese). With Chinese pre-schoolers, we also aimed to explore whether performance in the
rotating tray task correlated with the standardised inhibitory control tests and delay choice task.

Generalized Linear Mixed Models (GLMM: Baayen 2008) in R (version 3.4.3; R Core
Team, 2014) were used to assess which factors influenced children’s performance in terms of
success rate in the rotating tray task. Success rate was the dependent variable in the models
and was a binary variable indicating whether the child chose correctly (1) or not (0). In Experi-
ment 1, the random effect included in the models were participant ID and fixed effects
included age in years (categorical, ages 3-5 in individual years), country (Britain vs. China),
the interaction effect of country and age (Britain vs. China and 3 to 5 years), condition (quality,
quantity), order (quality-quantity, quantity-quality) and sex (male, female). For Experiment 2,
we included the same fixed effects as Experiment 1 as well as adding the fixed effects of visibil-
ity (immediate reward visible, delayed reward visible, neither reward visible).

We used likelihood ratio tests to compare the full models (all predictor variables, random
effects and control variables) firstly with a null model, and then with reduced models to test
each of the effects of interest [85]. The null models contained the random effects and control
variables (i.e. no predictor variables) namely “sex” as we did not predict this variable to signifi-
cantly effect performance. The reduced models comprised of all effects present in the full
model, except the effect of interest. For the GLMMs, we used family = binomial, R package
“Ime4”, “glmer” and “anova” functions [86]. We compared the log likelihood ratio of a) the full
with null model, and b) the full with reduced model containing only the main effects to test
the effect of the interaction term, and c) the final with reduced models to test each of the effects
of interest, using maximum likelihood. The p-values in the models were derived from the like-
lihood ratio tests. We include a copy of our R script and accompanying data sets for the analy-
sis for Experiment 1 and 2 (https://figshare.com/s/01356d6162a8b55137c4). We ran further
analyses for the significant variables identified in the GLMM:s where applicable, using Tukey
contrasts for pairwise comparisons of age in R, and to compare performance against chance
using non-parametric two-tailed statistics (Wilcoxon signed ranks and Mann Whitney U tests
in SPSS, version 27).

Task 2-5: Data analysis for standardised developmental paradigms. We recorded the
total number of correct trials for each standardised inhibition task and the delay choice task.
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The scoring methods have been validated in previous research and were consistent with the
vast majority of developmental studies [83, 84]. Specifically, for the scope of the present study,
the use of sum scores of the standardised delay choice task were appropriate and sufficient in
testing age-related performance as well as for correlational analysis. As the data violated the
assumption of normality, we used non-parametric Kruskal-Wallis tests to investigate the effect
of age on children’s performance. Furthermore, Spearman’s rank order correlations were con-
ducted to test the relationship among the different tasks. Notably, both the standardised delay
choice task and the quantity condition in Experiment 1 of the rotating tray paradigm used
quantity rewards that were visible to the participants, therefore we included both the overall
performance in the rotating tray task as well as performance in the quantity condition in
Experiment 1 for the correlation analysis.

Results
Task 1: Rotating tray paradigm-Experiment 1

The full model differed significantly from the null model (Chisq = 39.46, df = 7, p <. 001). The
full model (with interaction term) was not significantly different to the reduced model (main
effects only; Chisq = 4.8, df = 2, p = 0.091). Therefore the interaction term (Age: Country) did not
significantly improve the model and the final model reported is the best fit (Table 1). We found a
significant main effect of condition (quality vs. quantity; Fig 3), order (quality-quantity vs. quan-
tity-quality) and age (3 to 5 years; Fig 4), with no significant effect of country or sex (Table 1).

Notably, across both countries and all age groups, children’s success rate was significantly
higher in the quality than in the quantity condition, with above chance level performance
within each condition (Wilcoxon signed ranks test: all p < .001). In terms of age, 5-year-olds
significantly outperformed 3 and 4-year-olds, with no difference between 4 and 3-year olds
(Tukey contrasts: age 5 vs age 4, z = 2.25, p = .024; age 5 vs age 3,z = 3.18, p = .001; age 4 vs age
3,z =1.04, p = .298), though all three age groups performed above chance (Wilcoxon signed
ranks test: Age 3: p =.026; Age 4: = .009; Age 5: < .001). With regard to the main effect of
order, children performed better when tested with the order of quality-quantity than quantity-
quality with performance significantly above chance in both order groups (Wilcoxon signed
ranks test: p < .001). Results using test and control trials combined dataset were presented in
the supporting information (S1 Table).

Task 1: Rotating tray paradigm—Experiment 2

The full model differed significantly from the null model (Chisq = 76.26, df = 9, p <. 001).
Moreover, the full model (with interaction term) was significantly different to the reduced

Table 1. Generalized linear mixed models for Experiment 1.

Fixed Term chi-square df p-value
Country 0.06 1 0.805
Condition 15.84 1 <0.001
Age in Years 9.14 2 0.01
Order 8.72 1 0.003
Sex 0.27 1 0.604

Generalized linear mixed models (final model) on factors affecting the number of correct test trials in children for
Experiment 1 with British and Chinese dataset combined. N = Britain 61; China 75. P-values < 0.05 are highlighted
in bold. The British data has been published in Miller et al. [52].

https://doi.org/10.1371/journal.pone.0256966.t001
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Fig 3. Mean percentage of correct test trials across age groups by condition (quality and quantity) in Experiment 1
& 2. * indicates performance above chance level (p < 0.05), error bars indicate standard errors. Data on the British
children has been published in Miller et al. [52].

https://doi.org/10.1371/journal.pone.0256966.9003

model (main effects only), and is the best fit model (Chisq = 25.303, df = 2, p < .001) (AIC
equal between models with main effects of age and country included or removed, hence
removed for final model). Specifically, there was a significant main effect of condition (quality

vs. quantity, Fig 3) and an interaction effect of country and age (Table 2, Fig 5). There was no
significant effect of sex, order or visibility (Table 2). Results using test and control trials com-
bined dataset were presented in the supporting information (S2 Table).
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Fig 4. Mean percentage of correct test trials across conditions by age groups in Experiment 1. * indicates performance above
chance level (p < 0.05), error bars indicate standard errors. Across countries, 5-year-olds outperformed 3- and 4-year-olds
respectively, with no difference between 3- and 4- year-olds’ performance, indicated by the significance lines. Data on the British

children has been published in Miller et al. [52].
https://doi.org/10.1371/journal.pone.0256966.g004
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Table 2. Generalized linear mixed models for Experiment 2.

Fixed Term chi-square df p-value
Condition 16.59 1 <0.001
Country: Age 57.69 5 <0.001
Order 0.146 1 0.702
Sex 0.221 1 0.513
Visibility 3.12 2 0.21

Generalized linear mixed models (final model) on factors affecting the number of correct test trials in children for
Experiment 2 British with Chinese dataset combined. N = Britain 61; China 75. P-values <0.05 are highlighted in
bold. The British data has been published in Miller et al. [52].

https://doi.org/10.1371/journal.pone.0256966.t002

Similar to Experiment 1, in Experiment 2, children’s performance was better in the quality
than in the quantity conditions with above chance level performance in both conditions (Wil-
coxon signed ranks test: all p < .001). With the age and country interaction, Chinese 4- and
5-year-old children outperformed their British peers respectively, with no difference in perfor-
mance between the Chinese and British 3-year-olds. Within country, for Chinese children, 4-
and 5-year-olds performed significantly better than the 3-year-olds, with no significant differ-
ence between the 4- and 5-year-olds (Tukey contrasts: age 5 vs age 4, z = 0.755, p = .45; age 5
vs age 3,z = 3.59, p < 0.001; age 4 vs age 3, z = 3.002, p = .003). Comparing performance
against chance level, only 4 and 5-year-old Chinese children scored significantly above chance
with 3-year-olds showing below chance success rate (Wilcoxon signed ranks test: Age 3: p =
.091; Age 4: p < .001; Age 5: p < .001). In comparison, British 5-year-olds performed signifi-
cantly better than 4-year-olds, with no difference between 5 and 3-year olds, or between 4

and 3-year olds (Tukey contrasts: age 5 vs age 4, z = 2.68, p = 0.007; age 5 vs age 3, z = 1.495,
*
| | 3 years
*
) | | " 4 years
* |5 years

W

Britain China

Fig 5. Mean percentage of correct test trials across condition by age groups in Experiment 2. * indicates performance above
chance level (p< 0.05), error bars indicate standard errors. Chinese 4- and 5-year-olds outperformed British 4- and 5-year-olds

respectively, with no differences in performance between the 3-year-olds, indicated by the significance lines. Data on the British
children has been published in Miller et al. [52].

https://doi.org/10.1371/journal.pone.0256966.9005
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Table 3. Age effect on inhibitory control and delay choice tasks.

Task X2 Total N Degree of Freedom P-value
Knock-Tap 26.269 74 2 <.001
Day-Night 9.122 73 2 010
Grass-Snow 14.694 72 2 .001
Delay Choice Task 7.948 75 2 .019

Kruskal-Wallis tests on the age effect on inhibition tasks and standardised delay choice task.
P-values <0.05 are highlighted in bold.

https://doi.org/10.1371/journal.pone.0256966.t003

p =.135; age 4 vs age 3,z = -1.184, p = .236), with only 3- and 5-year-olds scoring significantly
above chance (Wilcoxon signed ranks test: Age 3: p = .011; Age 4: p =.625; Age 5: p < .001).

We note that in the 4-year-olds British age group (total N = 21), three children scored zero
in the test trials in Experiment 2. In comparison, not a single participant in the 3-year-olds age
group failed all test trials. After removing the three participant outliers, additional analysis
revealed that British 4-year-olds’ success rate was above chance level (Wilcoxon signed ranks
test: p < .001). Moreover, there was still no difference between British 3 and 4-year olds’ per-
formance on the rotating tray task (Mann Whitney U test: Z* = -1.769, p = .077). We con-
ducted additional analyses using the dataset without the three British outliers. For the
GLMMs, there was a significant main effect of condition and an interaction effect of country
and age (S3 Table). Further, as with the dataset including outliers, Chinese 4- and 5-year-old
children outperformed their British peers, with no difference in performance between the Chi-
nese and British 3-year-olds, when outliers were removed for analysis. Reward visibility alone
did not influence children’s performance in the test trials on the rotating tray task.

Task 2-5: Standardized developmental paradigms (Chinese sample only)

Across all standardised developmental tasks (three inhibitory control tasks and one delay
choice task), Kruskal-Wallis tests revealed that age had a significant effect on performance
(Table 3). Specifically, 5-year-olds outperformed 3-year-olds on all tasks except on the Day-
Night task (Mann Whitney U test: all p <. 01). Moreover, 4-year-olds scored significantly
higher on the Knock-Tap, Day-Night and Grass-Snow task than children aged 3-years-old (all
p <. 02). To investigate the inter-task relationships, we ran Spearman’s rank order correla-
tions. We found significant correlations between the inhibition tasks and standardised delay
choice task (Table 4).

Notably, a novel finding in our study was that there was a significant correlation between
the Knock-Tap task performance and the overall performance in the rotating tray paradigm
(Table 4). Additionally, we found that children’s performance in the quantity condition in
Experiment 1 in Bramlett et al.’s [53] rotating tray task was significantly correlated with perfor-
mance in the standardised delay choice task—both tasks involving choices relating to reward
quantity (Table 4).

Discussion

In the present study, we investigated Chinese and British pre-schoolers’ ability to delay gratifi-
cation, i.e. inhibit immediate desires for delayed larger-valued goals. The British dataset has
been collected and published in Miller et al. [52], whereas the Chinese data were collected for
the present study. We used a ‘rotating tray’ task originally designed to test non-human pri-
mates [53], which allowed for systematic manipulations of reward type and visibility, and also
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Table 4. Correlations and descriptive statistics for inhibition control and delay choice tasks.

1
1. Knock-Tap -
2. Day- Night
3. Grass-Snow
4. Delay Choice Task
5. Experiment 1 & 2 Test Total
6. Experiment 1 Quantity Test

Mean 12.79
SD 2.56
Range 2-15

2 3 4 5 6

274" 378" 392" .249* 113
- .449%* 243" .038 .078

— 336" .104 .047

- 193 .239*

- .770**

11.67 12.09 6.87 7.66 1.29
2.99 3.44 2.32 2.63 .82
4-16 2-15 1-9 0-10 0-2

Correlations and Descriptive Statistics for inhibition control and standardised delay choice tasks. Note.

p <.0lL.

“p < .05. Spearman’s rank order correlations across age groups are presented.

https://doi.org/10.1371/journal.pone.0256966.1004

tested the Chinese children with several standardised developmental inhibitory control and
delay choice tasks. Our results add to existing cross-cultural literature on cognitive develop-
ment, revealing that Chinese children outperformed British peers in the rotating tray delay
choice paradigm, though children in both countries performed above chance, when reward
visibility was also manipulated. We found age-related performance overall all tasks, with a sig-
nificant age effect in Experiment 1 and a significant interaction effect of age and country in
Experiment 2. Pre-schoolers from both countries exhibited higher delayed gratification perfor-
mance when rewards differed in quality over quantity, whereas occlusion of rewards had no
significant effect. Furthermore, there were significant correlations between performance in the
rotating tray task with a standardised motor inhibition task (Knock-Tap) and a delay choice
task (in Chinese pre-schoolers only as British children were not tested on the standardised
developmental tasks).

With the rotating tray paradigm, the significant age effect in Experiment 1 and interaction
between age and country in Experiment 2 was consistent with previous findings employing
standardised delay choice and delay maintenance paradigms measuring children’s delay of
gratification, including the marshmallow test [13-19]. An increased ability in older children to
delay gratification suggests that they may be more future-oriented and better at understanding
the connection between their present actions and future outcomes [16]. However, even the
youngest children tested performed well as reflected in the high rate of above-chance perfor-
mance in all age groups (Experiment 1 and 2). The short delay (15 seconds) between immedi-
ate and delayed rewards may have contributed to this finding by reducing necessary effort to
wait. Future studies could increase this delay time to explore the effects on performance across
ages. There were two cases where children’s performance fell below chance level. First, in
Experiment 2 where visual occlusion was manipulated, 3-year-old Chinese children scored
below chance level, which may indicate responses based on guesses attributed to task difficulty
and cognitive immaturity. Second, in Experiment 2, British 4-year olds” performance was
below chance while the 3-year-olds scored above chance level. We detected three outliers in
the British 4-year-old group who scored zero in all test trials, in comparison, all 3-year-olds
British children scored at least 1 or above. Although removal of these outliers increased British
4-year-olds’ performance to above chance level, it did not change the overall findings other-
wise (S3 Table).

We found a significant age and country interaction effect in Experiment 2, when the reward
visibility was manipulated, though not in Experiment 1, when both rewards were visible.
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Specifically, Chinese 4- and 5-year-olds outperformed British 4- and 5-year-olds on the rotat-
ing tray task, though we note that children from both countries performed better than chance
level. Our findings were in line with previous research on Eastern children’s outperformance
on self-control [71-74]. It also supports the early prevalence of cross-cultural differences, as
socialization and child-rearing strategies towards behavioural and emotional regulation are
present for young children in China [87]. At a broader societal level, the cultural differences
are likely to reflect consequences of an emphasis on self-control and parental expectations of
impulsive control and willpower in China, given the social pressure to compete for higher edu-
cation resources [88].

The significant effect of condition across age groups and countries (Experiment 1 and 2)
indicates that children made more future-oriented decisions when reward differed in quality
over quantity. This finding was in line with our predictions and previous related findings with
British pre-schoolers [52]. This effect of reward type could be attributed to reward properties
and task format. First, it was unlikely that children selected on the basis of which condition
was associated with gaining rewards, as demonstration trials in both conditions removed
uncertainty about future reward availability [53]. Second, we ruled out the possibility of a lack
of numerosity discrimination, considering the ability to differentiate items of various quanti-
ties is present from toddlerhood [89, 90]. Finally, the pre-test preference trials (no delay)
ensured all children selected the higher quantity. Without a delay, 3-year-olds always opted for
the larger reward even from a small difference like 1 versus 2 stickers [91].

Regarding the quantity condition, we adopted that 1:4 ratio. Previous research demon-
strated that 4-year-olds showed a strong preference for the later reward using a 1:5 ratio [16].
It is possible that, in our study, children found the quantitative numerical contrast less signifi-
cant and appealing than the qualitative differences (a glittery animal sticker versus a plain
sticker). Notably, the “consequences” of choosing immediate options differed between condi-
tions and it is possible that children considered the plain sticker in the quality condition to be
the least favourable, thus were least likely to select it. Additionally, children were able to accu-
mulate rewards through multiple trials. The consecutive gains experienced may downplay
their feeling of loss overall, especially in the quantity condition when they received at least one
sticker per trial. Therefore, having multiple trials may have left the impression that “even if I
choose the smaller reward this round, I still have something nice, and in the next round I can go
for the better one”. We note that our findings were consistent with non-human animal
research, which suggests that non-human primates, birds and pigs were better able to delay
gratification with rewards differing in quality than quantity [46-51]. Additionally, a similar
significant effect of reward type was found in the related study with British children [52].

There was also a main effect of order (Experiment 1) indicating higher performance when
they tested on quality-quantity condition than the quantity-quality one. This order effect may
be explained in combination with the influence of reward type discussed above. Specifically,
children who received the quality condition first may improve performance in later trials. In
comparison, the feedback may not be as positive and salient when tested with the quantity con-
dition first, thus it may undermine the subsequent performance in the quality condition. Addi-
tionally, with the quantity-quality test order, children received a substantial number of stickers
first compared with the quality-quantity order. It is therefore possible that performance suf-
fered more as the attractiveness and novelty of gaining stickers was gradually compromised as
the task continued. As a result, motivation (to gain stickers) may decrease, which can influence
children’s future-oriented decision making [92]. We note that there was no significant order
effect in Experiment 2, so perhaps children gained sufficient experience through Experiment 1
(experiencing both conditions) so testing order no longer influenced performance.
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We found no influence of reward visibility on performance, which was consistent with
Garon et al. [44] delay choice study, yet contrasts with Mischel and Ebbesen’s [13] delay main-
tenance study. These discrepancies may be due to fundamental differences in task designs: the
maintenance task requires a continuous presentation of a tempting reward whereas the choice
task involves a temporal perspective of immediately obtaining a less-valued reward. Therefore,
visual occlusion may aid performance in the maintenance task by reducing the exposure to the
arousing reward and decreasing the pre-potency of immediate gratifying responses [13, 14,
54-57]. Additionally, the delay period usually lasted for at least a few minutes [23, 24] whereas
in our delay choice study, the delay was only 15 seconds. Furthermore, baiting took place in
full view of the children so it was likely that children remembered the locations and did not
require external visual cues when making choices. Memory tests were conducted to ensuring
children could recall the location of rewards—this was further confirmed in Experiment 2
when both rewards were hidden.

In addition to the rotating tray task, with the Chinese pre-schoolers only, we ran a battery
of standardised developmental inhibitory control tasks and one delay choice test. Consistent
with existing literature, we found significant age-related performance and correlations
between different tests. As a novel finding in our study, there was a significant correlation
between performance on the delay choice task [19] and in the quantity condition in Experi-
ment 1 of rotating tray paradigm. Both tests required children to select rewards varying in
quantity with no visual barriers, so were most comparable, and the significant results implied
convergent validity between these two measures of delayed gratification.

We also found a significant correlation in performance between the Knock-Tap task [82]-a
measure of motor inhibition, and the rotating tray task (Experiment 1 & 2). With the latter
task, children were required to plan a reaching action to indicate their choices. Thus, in addi-
tion to delayed gratification, the rotating tray task also tapped into the ability to control and
plan motor movements. The link between self-control and motor domains was not surprising,
given their bidirectional interactions highlighted in the dynamic system theory as well as the
overlapping brain regions associated with them [93, 94]. We did not find evidence of correla-
tions between the rotating tray task and measures of cognitive inhibition, namely Day-Night
task and Grass-Snow task. Two indications can be drawn from these findings. First, this test
required suppression of pre-potent responses which does not necessarily entail self-control
[2]. Second, the rotating tray task [53], which taps into inhibition and self-control, may share
overlapping components with other inhibition tasks, for example the Knock-Tap task, while
also being distinctive to different measures of cognitive and motor inhibition. This null finding
was consistent with previous literature indicating a weak relationship between executive func-
tion inhibitory test and delayed gratification measures [60, for a meta-analysis, see 79].

One notable limitation of the present study was that we only tested the Chinese children
with the standardised developmental tasks, thus we are unable to compare British children’s
performance on rotating tray task with the standardised tasks. This was not due to experimen-
tal design; the British dataset was collected first for Miller et al. [52] study and the Chinese
dataset was collected later for the present study. Nonetheless, we acknowledge that it would be
more comprehensive to have included samples from both countries for all tasks, which could
be addressed in future research. Additionally, we highlight a methodological difference
between the rotating tray paradigm and the standardised delay choice task [16-19]. The ele-
ments of spatial and temporal distance were confounded in the former task as children may
select the container based on how close in space and time they were, rather than on reward
properties. To address this ambiguity, we administered control and test trials alternating the
location of the most preferred rewards, thus ensuring performance reflected ability to decide
and act on which rewards were worth waiting for.
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It is also important to disentangle the separate cognitive demands implicated in Bramlett
et al’s [53] rotating tray paradigm, as each component may have contributed differently to perfor-
mance. Therefore, we present a finer analysis of the rotating tray task with reference to children’s
executive function profile as these are theoretically related constructs [30, 31]. Specifically, work-
ing memory was significantly employed in Experiment 2 when reward occlusion was involved.
To successfully pass the task, children needed to constantly update information of the spatial loca-
tions of the different rewards as control and test trials were administered in a counterbalanced
order. Pre-schoolers’” performance in working memory has been positively correlated with delay
of gratification ability [34-36]. Additionally, previous research has indicated that Chinese pre-
schoolers demonstrate superior working memory to their European-American peers [71, 72, 77].

Thus, it was possible that our Chinese participants had better working memory than the
British sample, which contributed to the 4-year-olds and 5-year-olds’ superior performance to
their British peers. This proposal may explain why we found no significant main effect of
country in either experiment, nor any interaction effect with country in Experiment 1 (no
visual occlusion) where the demand of working memory was less salient. On a different note,
researchers have demonstrated that children with higher inhibition and working memory per-
formed better in tasks of prospective motor control [95]. As aforementioned, motor demands
were implicated in the rotating tray task. It is also possible that Chinese children’s advantage in
working memory and inhibition enabled them to outperform their British counterparts in a
task involving motor movements.

In the rotating tray task, the rewards associated with different spatial locations changed per
trial. A multiple-trial design placed substantial demands on children’s ability to flexibly switch
between options and not to preserve their previous selection. Children from Western societies
have demonstrated greater inclination to stick with the same rules than Chinese peers [72, 73,
77]. Therefore, it is possible that British pre-schoolers’ performance could be undermined by
their less-developed cognitive flexibility. Overall, we propose that it was the combined influ-
ence from these factors that have led to the outperformance of Chinese 4-year-olds and 5-year-
olds over their British counterparts, however we highlight that children performed well overall
in both countries. Future work in exploring cross-cultural differences in delayed gratification
may include working memory-based tasks with children from both countries and increase the
difficulty of the delayed gratification task, such as longer delay lengths. It would also be useful
to include measures of parental socialization goals or child-rearing practices [75]. This
approach could be incorporated in designing training programs of self-control using qualita-
tively different rewards and introducing similar strategies into day-to-day parenting.

Finally, we note that, when capuchin monkeys were tested with Bramlett et al.’s [53] rotat-
ing tray task, they exhibited delayed gratification even with invisible rewards [59], similar to
our findings with children. Due to its intuitive design, the paradigm may potentially impose
similar demands on cognitive resources in different species. Comparable findings between
species were not surprising if one considers capuchin monkey’s performance on cognitive flex-
ibility and working memory. Notably, capuchins monkeys were able to break the cognitive set
bias to employ more efficient strategies in an optional switch task [96]. They can attend to and
remember different physical stimuli features and retain that information for delay intervals up
to 10 minutes [97, 98]. Moreover, capuchin monkeys’ forgetting rates were parallel to school-
aged children in memory assessment [99]. The rotating tray task therefore offers a valid assess-
ment of delayed gratification across species [53]. More importantly, the comparable results
indicate that the ability to delay gratification is biologically and evolutionally shared across spe-
cies. Future comparative research could elucidate and compare the influence of contextual fac-
tors in other types of self-control tasks across species, such as the reverse contingency and
accumulation paradigm.
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To summarise, we present the first East versus West comparison of pre-schoolers’ delay of
gratification using a task originally designed for testing non-human primates [53]. We found
critical and replicated age-related performance with older children being more successful at
forgoing small immediate rewards for larger valued rewards in the future. Additionally, Chi-
nese 4- and 5-year-olds outperformed their British counterparts, when rewards were occluded.
We found correlations in the performance in Chinese children in the rotating tray paradigm
with some (though not all tested) standardised developmental inhibitory control and delay
choice tasks. By systematically manipulating reward representations, we demonstrated that
across Chinese and British children, performance increased when they chose rewards differing
in quality over quantity, while visual occlusion had no significant effect. Our study adds to the
growing body of cross-cultural research on self-control, and advocates for a diverse and inte-
grated approach to investigate cognitive development in children, with regard to individual
differences, as well as at culturally specific levels.

Supporting information

S1 Table. Generalized linear mixed models for Experiment 1. Generalized linear mixed
models (final model) on factors affecting the number of correct test and control trials in chil-
dren. N = Group 1: China 75; Group 2: UK 61. P-values <0.05 are highlighted in bold. The
British dataset was published in Miller et al. [52].

(DOCX)

S2 Table. Generalized linear mixed models for Experiment 2. Generalized linear mixed
models (final model) on factors affecting the number of correct test and control trials in chil-
dren. N = Group 1: China 75; Group 2: UK 61. P-values <0.05 are highlighted in bold. The
British dataset was published in Miller et al. [52].

(DOCX)

S3 Table. Generalized linear mixed models for Experiment 2 with without outliers. Gener-
alized linear mixed models (final model) on factors affecting the number of correct test trials
in children for Experiment 2 with the 3 British 4-year-old outliers removed. N = Britain 58;
China 75. P-values <0.05 are highlighted in bold. The British dataset was published in Miller
etal. [52].

(DOCX)

S1 Video.
(MP4)

Acknowledgments

Thank you to the staff, parents and children who supported, consented and participated in the
study. The British sites were: Histon Early Years Centre, Kennett Community Primary School,
Playlanders Playgroup and Preschool, Spinney Primary School, Under Fives Roundabout in
Cambridgeshire, and Chearsley & Haddenham Under Fives Preschool and St Mary’s CE Com-
bined School in Buckinghamshire. The Chinese site was the affiliated nursery of Yunnan Uni-
versity of Finance and Economics. Special thanks to Ian Millar for assistance with apparatus
construction and Ye Ming for advice on video design.

Author Contributions
Conceptualization: Ning Ding, Rachael Miller, Nicola S. Clayton.

PLOS ONE | https://doi.org/10.1371/journal.pone.0256966 September 3, 2021 19/25


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0256966.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0256966.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0256966.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0256966.s004
https://doi.org/10.1371/journal.pone.0256966

PLOS ONE

Comparison of delay of gratification in young children across two cultures

Data curation: Ning Ding, Rachael Miller.

Formal analysis: Ning Ding, Rachael Miller.

Funding acquisition: Ning Ding, Nicola S. Clayton.

Investigation: Ning Ding, Anna Frohnwieser, Rachael Miller.
Methodology: Ning Ding, Rachael Miller, Nicola S. Clayton.

Project administration: Ning Ding, Rachael Miller, Nicola S. Clayton.
Resources: Ning Ding, Rachael Miller.

Software: Rachael Miller.

Supervision: Rachael Miller, Nicola S. Clayton.

Validation: Ning Ding, Rachael Miller, Nicola S. Clayton.
Visualization: Ning Ding.

Writing - original draft: Ning Ding.

Writing - review & editing: Ning Ding, Anna Frohnwieser, Rachael Miller, Nicola S. Clayton.

References

1.  Mischel W., Shoda Y., & Rodriguez M. |. (1989). Delay of gratification in children. https://doi.org/10.
1126/science.2658056 PMID: 2658056

2. Beran M. J. (2015). The comparative science of “self-control”: what are we talking about?. Frontier in
Psychology, 6, 51.

3. StevensJ. R. (2014). Evolutionary pressures on primate intertemporal choice. Proceedings of the
Royal Society B: Biological Sciences, 281(1786), 20140499. https://doi.org/10.1098/rspb.2014.0499
PMID: 24827445

4. Kochanska G., Coy K. C., & Murray K. T. (2001). The development of self-regulation in the first four
years of life. Child development, 72(4), 1091-1111. https://doi.org/10.1111/1467-8624.00336 PMID:
11480936

5. CalezaC., Yafiez-Vico R. M., Mendoza A., & Iglesias-Linares A. (2016). Childhood obesity and delayed
gratification behavior: a systematic review of experimental studies. The Journal of pediatrics, 169, 201—
207. https://doi.org/10.1016/j.jpeds.2015.10.008 PMID: 26563536

6. Ayduk O., Mendoza-Denton R., Mischel W., Downey G., Peake P. K., & Rodriguez M. (2000). Regulat-
ing the interpersonal self: strategic self-regulation for coping with rejection sensitivity. Journal of person-
ality and social psychology, 79(5), 776. https://doi.org/10.1037//0022-3514.79.5.776 PMID: 11079241

7. Mischel W., Shoda Y., & Peake P. K. (1988). The nature of adolescent competencies predicted by pre-
school delay of gratification. Journal of personality and social psychology, 54(4), 687. https://doi.org/
10.1037//0022-3514.54.4.687 PMID: 3367285

8. Moffitt T. E., Arseneault L., Belsky D., Dickson N., Hancox R. J., Harrington H., et al. (2011). A gradient
of childhood self-control predicts health, wealth, and public safety. Proceedings of the national Acad-
emy of Sciences, 108(7), 2693—2698.

9. Michaelson L. E., & Munakata Y. (2020). Same data set, different conclusions: Preschool delay of grati-
fication predicts later behavioral outcomes in a preregistered study. Psychological Science, 31(2),
193-201. https://doi.org/10.1177/0956797619896270 PMID: 31961773

10. Beran M. J., & Hopkins W. D. (2018). Self-control in chimpanzees relates to general intelligence. https://
doi.org/10.1016/j.cub.2017.12.043 PMID: 29429613

11. MaclLeanE. L., Hare B., Nunn C. L., Addessi E., Amici F., Anderson R. C., et al. (2014). The evolution
of self-control. Proceedings of the National Academy of Sciences, 111(20), 2140-2148. https://doi.org/
10.1073/pnas.1323533111 PMID: 24753565

12. de WaterE., Cillessen A. H., & Scheres A. (2014). Distinct age-related differences in temporal discount-
ing and risk taking in adolescents and young adults. Child development, 85(5), 1881-1897. https://doi.
org/10.1111/cdev.12245 PMID: 24749521

PLOS ONE | https://doi.org/10.1371/journal.pone.0256966 September 3, 2021 20/25


https://doi.org/10.1126/science.2658056
https://doi.org/10.1126/science.2658056
http://www.ncbi.nlm.nih.gov/pubmed/2658056
https://doi.org/10.1098/rspb.2014.0499
http://www.ncbi.nlm.nih.gov/pubmed/24827445
https://doi.org/10.1111/1467-8624.00336
http://www.ncbi.nlm.nih.gov/pubmed/11480936
https://doi.org/10.1016/j.jpeds.2015.10.008
http://www.ncbi.nlm.nih.gov/pubmed/26563536
https://doi.org/10.1037//0022-3514.79.5.776
http://www.ncbi.nlm.nih.gov/pubmed/11079241
https://doi.org/10.1037//0022-3514.54.4.687
https://doi.org/10.1037//0022-3514.54.4.687
http://www.ncbi.nlm.nih.gov/pubmed/3367285
https://doi.org/10.1177/0956797619896270
http://www.ncbi.nlm.nih.gov/pubmed/31961773
https://doi.org/10.1016/j.cub.2017.12.043
https://doi.org/10.1016/j.cub.2017.12.043
http://www.ncbi.nlm.nih.gov/pubmed/29429613
https://doi.org/10.1073/pnas.1323533111
https://doi.org/10.1073/pnas.1323533111
http://www.ncbi.nlm.nih.gov/pubmed/24753565
https://doi.org/10.1111/cdev.12245
https://doi.org/10.1111/cdev.12245
http://www.ncbi.nlm.nih.gov/pubmed/24749521
https://doi.org/10.1371/journal.pone.0256966

PLOS ONE

Comparison of delay of gratification in young children across two cultures

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Mischel W., & Ebbesen E. B. (1970). Attention in delay of gratification. Journal of Personality and Social
Psychology, 16(2), 329.

Mischel W., Ebbesen E. B., & Raskoff Zeiss A. (1972). Cognitive and attentional mechanisms in delay
of gratification. Journal of personality and social psychology, 21(2), 204. https://doi.org/10.1037/
h0032198 PMID: 5010404

Atance C. M., & Jackson L. K. (2009). The development and coherence of future-oriented behaviors
during the preschool years. Journal of experimental child psychology, 102(4), 379-391. https://doi.org/
10.1016/j.jecp.2009.01.001 PMID: 19232416

Lemmon K., & Moore C. (2007). The development of prudence in the face of varying future rewards.
Developmental Science, 10(4), 502-511. https://doi.org/10.1111/j.1467-7687.2007.00603.x PMID:
17552939

Thompson C., Barresi J., & Moore C. (1997). The development of future-oriented prudence and altruism
in preschoolers. Cognitive Development, 12(2), 199-212.

Imuta K., Hayne H., & Scarf D. (2014). | want it all and | want it now: Delay of gratification in preschool
children. Developmental psychobiology, 56(7), 1541-1552. https://doi.org/10.1002/dev.21249 PMID:
25139433

Prencipe A., & Zelazo P. D. (2005). Development of affective decision making for self and other: Evi-
dence for the integration of first-and third-person perspectives. Psychological Science, 16(7), 501-505.
https://doi.org/10.1111/j.0956-7976.2005.01564.x PMID: 16008779

Mischel W., & Metzner R. (1962). Preference for delayed reward as a function of age, intelligence, and
length of delay interval. The Journal of Abnormal and Social Psychology, 64(6), 425.

Evans G. W., & English K. (2002). The environment of poverty: Multiple stressor exposure, psychophys-
iological stress, and socioemotional adjustment. Child development, 73(4), 1238—1248. https://doi.org/
10.1111/1467-8624.00469 PMID: 12146745

Sargent A. (2014). The Relationship Between the Development of Time Perception and Delay of Gratifi-
cation. University of Colorado, Boulder.

Carlson S. M., Shoda Y., Ayduk O., Aber L., Schaefer C., Sethi A., et al. (2018). Cohort effects in chil-
dren’s delay of gratification. Developmental psychology, 54(8), 1395. https://doi.org/10.1037/
dev0000533 PMID: 29939038

Protzko J. (2020). Kids These Days! Increasing delay of gratification ability over the past 50 years in
children. Intelligence, 80, 101451.

Hughes C. (2011). Changes and challenges in 20 years of research into the development of executive
functions. Infant and Child Development, 20(3), 251-271.

Miyake A., Friedman N. P., Emerson M. J., Witzki A. H., Howerter A., & Wager T. D. (2000). The unity
and diversity of executive functions and their contributions to complex “frontal lobe” tasks: A latent vari-
able analysis. Cognitive psychology, 41(1), 49-100. https://doi.org/10.1006/cogp.1999.0734 PMID:
10945922

Diamond A. (2013). Executive functions. Annual review of psychology, 64, 135—168. https://doi.org/10.
1146/annurev-psych-113011-143750 PMID: 23020641

MacLeod C. M. (1991). Half a century of research on the Stroop effect: an integrative review. Psycho-
logical bulletin, 109(2), 163. https://doi.org/10.1037/0033-2909.109.2.163 PMID: 2034749

Johnstone S. J., Pleffer C. B., Barry R. J., Clarke A. R., & Smith J. L. (2005). Development of inhibitory
processing during the go/nogo task. Journal of Psychophysiology, 19(1), 11-28.

Mischel W., Ayduk O., Berman M. G., Casey B. J., Gotlib I. H., Jonides J., et al. (2011). ‘Willpower’over
the life span: decomposing self-regulation. Social cognitive and affective neuroscience, 6(2), 252—256.
https://doi.org/10.1093/scan/nsq081 PMID: 20855294

Duckworth A. L., & Steinberg L. (2015). Unpacking self-control. Child development perspectives, 9(1),
32-37. https://doi.org/10.1111/cdep.12107 PMID: 25821515

Simpson A., & Riggs K. J. (2007). Under what conditions do young children have difficulty inhibiting
manual actions?. Developmental Psychology, 43(2), 417. hitps://doi.org/10.1037/0012-1649.43.2.417
PMID: 17352549

Hongwanishkul D., Happaney K. R., Lee W. S., & Zelazo P. D. (2005). Assessment of hot and cool
executive function in young children: Age-related changes and individual differences. Developmental
neuropsychology, 28(2), 617-644. https://doi.org/10.1207/s15326942dn2802_4 PMID: 16144430

Yu J., Kam C. M., & Lee T. (2016). Better working memory and motor inhibition in children who delayed
gratification. Frontiers in psychology, 7, 1098. https://doi.org/10.3389/fpsyg.2016.01098 PMID:
27493638

PLOS ONE | https://doi.org/10.1371/journal.pone.0256966 September 3, 2021 21/25


https://doi.org/10.1037/h0032198
https://doi.org/10.1037/h0032198
http://www.ncbi.nlm.nih.gov/pubmed/5010404
https://doi.org/10.1016/j.jecp.2009.01.001
https://doi.org/10.1016/j.jecp.2009.01.001
http://www.ncbi.nlm.nih.gov/pubmed/19232416
https://doi.org/10.1111/j.1467-7687.2007.00603.x
http://www.ncbi.nlm.nih.gov/pubmed/17552939
https://doi.org/10.1002/dev.21249
http://www.ncbi.nlm.nih.gov/pubmed/25139433
https://doi.org/10.1111/j.0956-7976.2005.01564.x
http://www.ncbi.nlm.nih.gov/pubmed/16008779
https://doi.org/10.1111/1467-8624.00469
https://doi.org/10.1111/1467-8624.00469
http://www.ncbi.nlm.nih.gov/pubmed/12146745
https://doi.org/10.1037/dev0000533
https://doi.org/10.1037/dev0000533
http://www.ncbi.nlm.nih.gov/pubmed/29939038
https://doi.org/10.1006/cogp.1999.0734
http://www.ncbi.nlm.nih.gov/pubmed/10945922
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1146/annurev-psych-113011-143750
http://www.ncbi.nlm.nih.gov/pubmed/23020641
https://doi.org/10.1037/0033-2909.109.2.163
http://www.ncbi.nlm.nih.gov/pubmed/2034749
https://doi.org/10.1093/scan/nsq081
http://www.ncbi.nlm.nih.gov/pubmed/20855294
https://doi.org/10.1111/cdep.12107
http://www.ncbi.nlm.nih.gov/pubmed/25821515
https://doi.org/10.1037/0012-1649.43.2.417
http://www.ncbi.nlm.nih.gov/pubmed/17352549
https://doi.org/10.1207/s15326942dn2802%5F4
http://www.ncbi.nlm.nih.gov/pubmed/16144430
https://doi.org/10.3389/fpsyg.2016.01098
http://www.ncbi.nlm.nih.gov/pubmed/27493638
https://doi.org/10.1371/journal.pone.0256966

PLOS ONE

Comparison of delay of gratification in young children across two cultures

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Carlson S. M., White R. E., & Davis-Unger A. C. (2014). Evidence for a relation between executive func-
tion and pretense representation in preschool children. Cognitive development, 29, 1-16. https://doi.
org/10.1016/j.cogdev.2013.09.001 PMID: 24357896

Hinson J. M., Jameson T. L., & Whitney P. (2003). Impulsive decision making and working memory.
Journal of Experimental Psychology: Learning, Memory, and Cognition, 29(2), 298. https://doi.org/10.
1037/0278-7393.29.2.298 PMID: 12696817

Figner B., Knoch D., Johnson E. J., Krosch A. R, Lisanby S. H., Fehr E., et al. U. (2010). Lateral pre-
frontal cortex and self-control in intertemporal choice. Nature neuroscience, 13(5), 538-539. https://
doi.org/10.1038/nn.2516 PMID: 20348919

Traverso L., Viterbori P., & Usai M. C. (2015). Improving executive function in childhood: evaluation of a
training intervention for 5-year-old children. Frontiers in psychology, 6, 525. https://doi.org/10.3389/
fpsyg.2015.00525 PMID: 25983706

Mahy C. E., Moses L. J., O’Brien B., Castro A. W., Kopp L., & Atance C. M. (2020). The roles of per-
spective and language in children’s ability to delay gratification. Journal of Experimental Child Psychol-
ogy, 192,104767. https://doi.org/10.1016/j.jecp.2019.104767 PMID: 31887485

Doebel S., & Munakata Y. (2018). Group influences on engaging self-control: Children delay gratifica-
tion and value it more when their in-group delays and their out-group doesn’t. Psychological Science,
29(5), 738-748. https://doi.org/10.1177/0956797617747367 PMID: 29625014

Kidd C., Palmeri H., & Aslin R. N. (2013). Rational snacking: Young children’s decision-making on the
marshmallow task is moderated by beliefs about environmental reliability. Cognition, 126(1), 109-114.
https://doi.org/10.1016/j.cognition.2012.08.004 PMID: 23063236

Michaelson L. E., & Munakata Y. (2016). Trust matters: Seeing how an adult treats another person influ-
ences preschoolers’ willingness to delay gratification. Developmental Science, 19(6), 1011-1019.
https://doi.org/10.1111/desc.12388 PMID: 26799458

Rachlin H. (1971). On the Tautology of the Matching Law. Journal of the Experimental Analysis of
Behavior, 15(2), 249-251. https://doi.org/10.1901/jeab.1971.15-249 PMID: 16811511

Garon N. M., Longard J., Bryson S. E., & Moore C. (2012). Making decisions about now and later:
Development of future-oriented self-control. Cognitive Development, 27(3), 314-322.

Steelandt S., Thierry B., Broihanne M. H., & Dufour V. (2012). The ability of children to delay gratifica-
tion in an exchange task. Cognition, 122(3), 416—425. https://doi.org/10.1016/j.cognition.2011.11.009
PMID: 22153324

Anderson J. R., Hattori Y., & Fujita K. (2008). Quality before quantity: Rapid learning of reverse-reward
contingency by capuchin monkeys (Cebus apella). Journal of Comparative Psychology, 122(4), 445.
https://doi.org/10.1037/a0012624 PMID: 19014269

Auersperg A. M., Laumer |. B., & Bugnyar T. (2013). Goffin cockatoos wait for qualitative and quantita-
tive gains but prefer ‘better'to ‘more’. Biology letters, 9(3), 20121092. https://doi.org/10.1098/rsbl.2012.
1092 PMID: 23485873

Hillemann F., Bugnyar T., Kotrschal K., & Wascher C. A. (2014). Waiting for better, not for more: corvids
respond to quality in two delay maintenance tasks. Animal behaviour, 90, 1-10. https://doi.org/10.
1016/j.anbehav.2014.01.007 PMID: 25892738

Glady Y., Genty E., & Roeder J. J. (2012). Brown Lemurs (Eulemur fulvus) can master the qualitative
version of the reverse-reward contingency. Plos one, 7(10), e48378. https://doi.org/10.1371/journal.
pone.0048378 PMID: 23118998

Zebunke M., Kreiser M., Melzer N., Langbein J., & Puppe B. (2018). Better, not just more—contrast in
qualitative aspects of reward facilitates impulse control in pigs. Frontiers in psychology, 9, 2099. https://
doi.org/10.3389/fpsyg.2018.02099 PMID: 30459682

Addessi E., & Rossi S. (2011). Tokens improve capuchin performance in the reverse—reward contin-
gency task. Proceedings of the Royal Society B: Biological Sciences, 278(1707), 849-854. https://doi.
org/10.1098/rspb.2010.1602 PMID: 20861046

Miller R., Frohnwieser A., Schiestl M., McCoy D. E., Gray R. D., Taylor A. H., et al. (2019). Delayed grat-
ification in New Caledonian crows and young children: influence of reward type and visibility. Animal
cognition, 23(1), 71-85. https://doi.org/10.1007/s10071-019-01317-7 PMID: 31630344

Bramlett J. L., Perdue B. M., Evans T. A, & Beran M. J. (2012). Capuchin monkeys (Cebus apella) let
lesser rewards pass them by to get better rewards. Animal Cognition, 15(5), 963-969. https://doi.org/
10.1007/s10071-012-0522-x PMID: 22689285

Mischel H. N., & Mischel W. (1987). The development of children’s knowledge of self-control strategies.
In Motivation, intention, and volition (pp. 321-336). Springer, Berlin, Heidelberg.

Mischel W., & Ayduk O. (2002). Self-regulation in a cognitive-affective personality system: attentional
control in the Service of the Self. Self and Identity, 1(2), 113—120.

PLOS ONE | https://doi.org/10.1371/journal.pone.0256966 September 3, 2021 22/25


https://doi.org/10.1016/j.cogdev.2013.09.001
https://doi.org/10.1016/j.cogdev.2013.09.001
http://www.ncbi.nlm.nih.gov/pubmed/24357896
https://doi.org/10.1037/0278-7393.29.2.298
https://doi.org/10.1037/0278-7393.29.2.298
http://www.ncbi.nlm.nih.gov/pubmed/12696817
https://doi.org/10.1038/nn.2516
https://doi.org/10.1038/nn.2516
http://www.ncbi.nlm.nih.gov/pubmed/20348919
https://doi.org/10.3389/fpsyg.2015.00525
https://doi.org/10.3389/fpsyg.2015.00525
http://www.ncbi.nlm.nih.gov/pubmed/25983706
https://doi.org/10.1016/j.jecp.2019.104767
http://www.ncbi.nlm.nih.gov/pubmed/31887485
https://doi.org/10.1177/0956797617747367
http://www.ncbi.nlm.nih.gov/pubmed/29625014
https://doi.org/10.1016/j.cognition.2012.08.004
http://www.ncbi.nlm.nih.gov/pubmed/23063236
https://doi.org/10.1111/desc.12388
http://www.ncbi.nlm.nih.gov/pubmed/26799458
https://doi.org/10.1901/jeab.1971.15-249
http://www.ncbi.nlm.nih.gov/pubmed/16811511
https://doi.org/10.1016/j.cognition.2011.11.009
http://www.ncbi.nlm.nih.gov/pubmed/22153324
https://doi.org/10.1037/a0012624
http://www.ncbi.nlm.nih.gov/pubmed/19014269
https://doi.org/10.1098/rsbl.2012.1092
https://doi.org/10.1098/rsbl.2012.1092
http://www.ncbi.nlm.nih.gov/pubmed/23485873
https://doi.org/10.1016/j.anbehav.2014.01.007
https://doi.org/10.1016/j.anbehav.2014.01.007
http://www.ncbi.nlm.nih.gov/pubmed/25892738
https://doi.org/10.1371/journal.pone.0048378
https://doi.org/10.1371/journal.pone.0048378
http://www.ncbi.nlm.nih.gov/pubmed/23118998
https://doi.org/10.3389/fpsyg.2018.02099
https://doi.org/10.3389/fpsyg.2018.02099
http://www.ncbi.nlm.nih.gov/pubmed/30459682
https://doi.org/10.1098/rspb.2010.1602
https://doi.org/10.1098/rspb.2010.1602
http://www.ncbi.nlm.nih.gov/pubmed/20861046
https://doi.org/10.1007/s10071-019-01317-7
http://www.ncbi.nlm.nih.gov/pubmed/31630344
https://doi.org/10.1007/s10071-012-0522-x
https://doi.org/10.1007/s10071-012-0522-x
http://www.ncbi.nlm.nih.gov/pubmed/22689285
https://doi.org/10.1371/journal.pone.0256966

PLOS ONE

Comparison of delay of gratification in young children across two cultures

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Metcalfe J., & Mischel W. (1999). A hot/cool-system analysis of delay of gratification: dynamics of will-
power. Psychological review, 106(1), 3. https://doi.org/10.1037/0033-295x.106.1.3 PMID: 10197361

Mischel W. (2004). Toward an integrative science of the person. Annu. Rev. Psychol., 55, 1-22. https://
doi.org/10.1146/annurev.psych.55.042902.130709 PMID: 14744208

Beran M. J., & Evans T. A. (2006). Maintenance of delay of gratification by four chimpanzees (Pan trog-
lodytes): The effects of delayed reward visibility, experimenter presence, and extended delay intervals.
Behavioural processes, 73(3), 315—-324. https://doi.org/10.1016/j.beproc.2006.07.005 PMID:
16978800

Perdue B. M., Bramlett J. L., Evans T. A., & Beran M. J. (2015). Waiting for what comes later: capuchin
monkeys show self-control even for nonvisible delayed rewards. Animal cognition, 18(5), 1105-1112.
https://doi.org/10.1007/s10071-015-0878-9 PMID: 26024691

Addessi E., Bellagamba F., Delfino A., De Petrillo F., Focaroli V., Macchitella L., et al. (2014). Waiting
by mistake: Symbolic representation of rewards modulates intertemporal choice in capuchin monkeys,
preschool children and adult humans. Cognition, 130(3), 428—441. https://doi.org/10.1016/j.cognition.
2013.11.019 PMID: 24387915

Nielsen M., & Haun D. (2016). Why developmental psychology is incomplete without comparative and
cross-cultural perspectives. Philosophical Transactions of the Royal Society B: Biological Sciences,
371(1686), 20150071. https://doi.org/10.1098/rstb.2015.0071 PMID: 26644590

Henrich J., Heine S. J., & Norenzayan A. (2010). The weirdest people in the world?. Behavioral and
brain sciences, 33(2-3), 61-83.

McClelland M. M., & Wanless S. B. (2015). Introduction to the special issue: self-regulation across dif-
ferent cultural contexts.

King A. Y., & Bond M. H. (1985). The Confucian paradigm of man: A sociological view. In Chinese cul-
ture and mental health (pp. 29-45). Academic Press.

Chen X., Hastings P. D., Rubin K. H., Chen H., Cen G., & Stewart S. L. (1998). Child-rearing attitudes
and behavioral inhibition in Chinese and Canadian toddlers: a cross-cultural study. Developmental psy-
chology, 34(4), 677. https://doi.org/10.1037//0012-1649.34.4.677 PMID: 9681259

Chen X., Rubin K. H., & Sun Y. (1992). Social reputation and peer relationships in Chinese and Cana-
dian children: A cross-cultural study. Child development, 63(6), 1336—1343. Current Biology, 28(4),
574-579.

Olweus D., Rubin K. H., & Asendorpf J. B. (1993). Social withdrawal, inhibition, and shyness in child-
hood. Victimization by peers: antecedents and long term outcomes.

Chen X., Rubin K. H., & Li B. (1995). Social and school adjustment of shy and aggressive children in
China. Development and Psychopathology, 7, 337-337.

Eisenberg N., Chang L., Ma Y., & Huang X. (2009). Relations of parenting style to Chinese children’s
effortful control, ego resilience, and maladjustment. Development and psychopathology, 21(2), 455—
477. https://doi.org/10.1017/S095457940900025X PMID: 19338693

Liu M., Chen X., Rubin K. H., Zheng S., Cui L., Li D., et al. (2005). Autonomy-vs. connectedness-ori-
ented parenting behaviours in Chinese and Canadian mothers. International Journal of Behavioral
Development, 29(6), 489—495.

Lan X., Legare C. H., Ponitz C. C., Li S., & Morrison F. J. (2011). Investigating the links between the
subcomponents of executive function and academic achievement: A cross-cultural analysis of Chinese
and American preschoolers. Journal of experimental child psychology, 108(3), 677—692. https://doi.
org/10.1016/j.jecp.2010.11.001 PMID: 21238977

Sabbagh M. A., Xu F., Carlson S. M., Moses L. J., & Lee K. (2006). The development of executive func-
tioning and theory of mind: A comparison of Chinese and US preschoolers. Psychological science, 17
(1), 74-81. https://doi.org/10.1111/j.1467-9280.2005.01667.x PMID: 16371147

Ellefson M. R.,Ng F. F. Y., Wang Q., & Hughes C. (2017). Efficiency of executive function: a two-gener-
ation cross-cultural comparison of samples from Hong Kong and the United Kingdom. Psychological
science, 28(5), 555-566. https://doi.org/10.1177/0956797616687812 PMID: 28384072

Schirmbeck K., Rao N., & Maehler C. (2020). Similarities and differences across countries in the devel-
opment of executive functions in children: A systematic review. Infant and Child Development, 29(1),
2164.

Lamm B., Keller H., Teiser J., Gudi H., Yovsi R. D., Freitag C., et al. (2018). Waiting for the second
treat: Developing culture-specific modes of self-regulation. Child Development, 89(3), 261-277. https:/
doi.org/10.1111/cdev.12847 PMID: 28586087

Mauro C. F., & Harris Y. R. (2000). The influence of maternal child-rearing attitudes and teaching
behaviors on preschoolers’ delay of gratification. The Journal of genetic psychology, 161(3), 292—-306.
https://doi.org/10.1080/00221320009596712 PMID: 10971908

PLOS ONE | https://doi.org/10.1371/journal.pone.0256966 September 3, 2021 23/25


https://doi.org/10.1037/0033-295x.106.1.3
http://www.ncbi.nlm.nih.gov/pubmed/10197361
https://doi.org/10.1146/annurev.psych.55.042902.130709
https://doi.org/10.1146/annurev.psych.55.042902.130709
http://www.ncbi.nlm.nih.gov/pubmed/14744208
https://doi.org/10.1016/j.beproc.2006.07.005
http://www.ncbi.nlm.nih.gov/pubmed/16978800
https://doi.org/10.1007/s10071-015-0878-9
http://www.ncbi.nlm.nih.gov/pubmed/26024691
https://doi.org/10.1016/j.cognition.2013.11.019
https://doi.org/10.1016/j.cognition.2013.11.019
http://www.ncbi.nlm.nih.gov/pubmed/24387915
https://doi.org/10.1098/rstb.2015.0071
http://www.ncbi.nlm.nih.gov/pubmed/26644590
https://doi.org/10.1037//0012-1649.34.4.677
http://www.ncbi.nlm.nih.gov/pubmed/9681259
https://doi.org/10.1017/S095457940900025X
http://www.ncbi.nlm.nih.gov/pubmed/19338693
https://doi.org/10.1016/j.jecp.2010.11.001
https://doi.org/10.1016/j.jecp.2010.11.001
http://www.ncbi.nlm.nih.gov/pubmed/21238977
https://doi.org/10.1111/j.1467-9280.2005.01667.x
http://www.ncbi.nlm.nih.gov/pubmed/16371147
https://doi.org/10.1177/0956797616687812
http://www.ncbi.nlm.nih.gov/pubmed/28384072
https://doi.org/10.1111/cdev.12847
https://doi.org/10.1111/cdev.12847
http://www.ncbi.nlm.nih.gov/pubmed/28586087
https://doi.org/10.1080/00221320009596712
http://www.ncbi.nlm.nih.gov/pubmed/10971908
https://doi.org/10.1371/journal.pone.0256966

PLOS ONE

Comparison of delay of gratification in young children across two cultures

77.

78.

79.

80.

81.

82.
83.

84.

85.

86.

87.

88.

89.

90.

91.

92,

93.

94.

95.

96.

97.

98.

Xu C., Ellefson M. R., Ng F. F. Y., Wang Q., & Hughes C. (2020). An East-West contrast in executive
function: Measurement invariance of computerized tasks in school-aged children and adolescents.
Journal of Experimental Child Psychology, 199, 104929. https://doi.org/10.1016/j.jecp.2020.104929
PMID: 32711217

Beran M. J., Perdue B. M., Rossettie M. S., James B. T., Whitham W., Walker B., et al. (2016). Self-con-
trol assessments of capuchin monkeys with the rotating tray task and the accumulation task. Beha-
vioural processes, 129, 68—79. https://doi.org/10.1016/j.beproc.2016.06.007 PMID: 27298233

Duckworth A. L., & Kern M. L. (2011). A meta-analysis of the convergent validity of self-control mea-
sures. Journal of research in personality, 45(3), 259—268. https://doi.org/10.1016/j.jrp.2011.02.004
PMID: 21643479

Gerstadt C. L., Hong Y. J., & Diamond A. (1994). The relationship between cognition and action: Perfor-
mance of children 3 1/2-7 years old on a Stroop-like day-night test. Cognition, 53(2), 129—153. https://
doi.org/10.1016/0010-0277(94)90068-x PMID: 7805351

Carlson S. M., & Moses L. J. (2001). Individual differences in inhibitory control and children’s theory of
mind. Child development, 72(4), 1032—1053. https://doi.org/10.1111/1467-8624.00333 PMID:
11480933

Luria, A. R. (1966). Higher Cortical Functions in Man Basic. New York.

Carlson S. M. (2005). Developmentally sensitive measures of executive function in preschool children.
Developmental neuropsychology, 28(2), 595—-616. https://doi.org/10.1207/s15326942dn2802_3 PMID:
16144429

Petersen|. T., Hoyniak C. P., McQuillan M. E., Bates J. E., & Staples A. D. (2016). Measuring the devel-
opment of inhibitory control: The challenge of heterotypic continuity. Developmental Review, 40, 25—
71. https://doi.org/10.1016/j.dr.2016.02.001 PMID: 27346906

Forstmeier W., & Schielzeth H. (2011). Cryptic multiple hypotheses testing in linear models: overesti-
mated effect sizes and the winner’s curse. Behavioral Ecology and Sociobiology, 65(1), 47-55. https://
doi.org/10.1007/s00265-010-1038-5 PMID: 21297852

Bates Douglas, Kliegl Reinhold, Vasishth Shravan, and Baayen Harald. "Parsimonious mixed models."
arXiv preprint arXiv: 1506.04967 (2015).

Tardif T. W. I. L. A,, Wang L., & Olson S. L. (2009). Culture and the development of regulatory compe-
tence: Chinese-US comparisons.

Phelps L. (2005). Academic achievement of children in China: The 2002 Fulbright experience. Psychol-
ogy in the Schools, 42(3), 233-239.

Butterworth B. (2005). The development of arithmetical abilities. Journal of Child Psychology and Psy-
chiatry, 46(1), 3—18. https://doi.org/10.1111/j.1469-7610.2004.00374.x PMID: 15660640

Lipton J. S., & Spelke E. S. (2004). Discrimination of large and small numerosities by human infants.
Infancy, 5(3), 271-290.

Lemmon K., & Moore C. (2001). Binding the self in time. In Moore C. & Lemmon K. (Eds.), The selfin
time: Developmental perspectives (pp. 163—179). Mahwah, NJ: Lawrence Erlbaum Associates.

Mahy C. E., Masson C., Krause A. M., & Mazachowsky T. R. (2020). The effect of episodic future simu-
lation and motivation on young children’s induced-state episodic foresight. Cognitive Development, 56,
100934. https://doi.org/10.1016/j.cogdev.2020.100934 PMID: 32834469

Diamond A. (2000). Close interrelation of motor development and cognitive development and of the cer-
ebellum and prefrontal cortex. Child development, 71(1), 44—56. https://doi.org/10.1111/1467-8624.
00117 PMID: 10836557

Koziol L. F., Budding D., Andreasen N., D’Arrigo S., Bulgheroni S., Imamizu H., et al. (2014). Consen-
sus paper: the cerebellum’s role in movement and cognition. The Cerebellum, 13(1), 151-177. https://
doi.org/10.1007/s12311-013-0511-x PMID: 23996631

Gentsch A., Weber A., Synofzik M., Vosgerau G., & Schiitz-Bosbach S. (2016). Towards a common
framework of grounded action cognition: Relating motor control, perception and cognition. Cognition,
146, 81-89. https://doi.org/10.1016/j.cognition.2015.09.010 PMID: 26407337

Watzek J., Pope S. M., & Brosnan S. F. (2019). Capuchin and rhesus monkeys but not humans show
cognitive flexibility in an optional-switch task. Scientific reports, 9(1), 1-10. https://doi.org/10.1038/
$41598-019-49658-0 PMID: 31519948

Tavares M. C. H., & Tomaz C. (2002). Working memory in capuchin monkeys (Cebus apella). Beha-
vioural brain research, 131(1-2), 131-137. https://doi.org/10.1016/s0166-4328(01)00368-0 PMID:
11844580

D’amato M. R., & Colombo M. (1989). Serial learning with wild card items by monkeys (Cebus apella):
Implications for knowledge of ordinal position. Journal of Comparative Psychology, 103(3), 252. https://
doi.org/10.1037/0735-7036.103.3.252 PMID: 2776421

PLOS ONE | https://doi.org/10.1371/journal.pone.0256966 September 3, 2021 24/25


https://doi.org/10.1016/j.jecp.2020.104929
http://www.ncbi.nlm.nih.gov/pubmed/32711217
https://doi.org/10.1016/j.beproc.2016.06.007
http://www.ncbi.nlm.nih.gov/pubmed/27298233
https://doi.org/10.1016/j.jrp.2011.02.004
http://www.ncbi.nlm.nih.gov/pubmed/21643479
https://doi.org/10.1016/0010-0277%2894%2990068-x
https://doi.org/10.1016/0010-0277%2894%2990068-x
http://www.ncbi.nlm.nih.gov/pubmed/7805351
https://doi.org/10.1111/1467-8624.00333
http://www.ncbi.nlm.nih.gov/pubmed/11480933
https://doi.org/10.1207/s15326942dn2802%5F3
http://www.ncbi.nlm.nih.gov/pubmed/16144429
https://doi.org/10.1016/j.dr.2016.02.001
http://www.ncbi.nlm.nih.gov/pubmed/27346906
https://doi.org/10.1007/s00265-010-1038-5
https://doi.org/10.1007/s00265-010-1038-5
http://www.ncbi.nlm.nih.gov/pubmed/21297852
https://doi.org/10.1111/j.1469-7610.2004.00374.x
http://www.ncbi.nlm.nih.gov/pubmed/15660640
https://doi.org/10.1016/j.cogdev.2020.100934
http://www.ncbi.nlm.nih.gov/pubmed/32834469
https://doi.org/10.1111/1467-8624.00117
https://doi.org/10.1111/1467-8624.00117
http://www.ncbi.nlm.nih.gov/pubmed/10836557
https://doi.org/10.1007/s12311-013-0511-x
https://doi.org/10.1007/s12311-013-0511-x
http://www.ncbi.nlm.nih.gov/pubmed/23996631
https://doi.org/10.1016/j.cognition.2015.09.010
http://www.ncbi.nlm.nih.gov/pubmed/26407337
https://doi.org/10.1038/s41598-019-49658-0
https://doi.org/10.1038/s41598-019-49658-0
http://www.ncbi.nlm.nih.gov/pubmed/31519948
https://doi.org/10.1016/s0166-4328%2801%2900368-0
http://www.ncbi.nlm.nih.gov/pubmed/11844580
https://doi.org/10.1037/0735-7036.103.3.252
https://doi.org/10.1037/0735-7036.103.3.252
http://www.ncbi.nlm.nih.gov/pubmed/2776421
https://doi.org/10.1371/journal.pone.0256966

PLOS ONE Comparison of delay of gratification in young children across two cultures

99. ChelonisJ. J., Cox A. R., Karr M. J., Prunty P. K., Baldwin R. L., & Paule M. G. (2014). Comparison of
delayed matching-to-sample performance in monkeys and children. Behavioural processes, 103, 261—
268. https://doi.org/10.1016/j.beproc.2014.01.002 PMID: 24440984

PLOS ONE | https://doi.org/10.1371/journal.pone.0256966 September 3, 2021 25/25


https://doi.org/10.1016/j.beproc.2014.01.002
http://www.ncbi.nlm.nih.gov/pubmed/24440984
https://doi.org/10.1371/journal.pone.0256966

