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Abstract

Young children spend a lot of time at home, yet there is little empirical research on how

they spend that time and how it relates to developmental outcomes. Prior research

suggests less-structured time—where children practice making choices and setting

goals—may develop self-directed executive function in 6-year-olds. But less-structured

time may be related to executive function for other reasons—for example, because

it provides opportunities to acquire conceptual knowledge relevant to using execu-

tive function on tasks. We thus tested the possibility that less-structured time is also

related to younger children’s externally cued executive function. In this remote online

study, caregivers of 93 3- to 5-year-olds indicated the amount of time their child was

typically spending in various activities while at home during the early phase of the

COVID-19 pandemic. Activities were categorized as structured (primarily lessons with

specific goals defined by adults or an app), less-structured (wide range of activities per-

mitting choice and interaction with caregiver), passive (e.g., watching TV or videos),

and primarily physical (e.g., bike riding). Children’s externally cued executive function

was assessed via the Dimensional Change Card Sort (DCCS). Time and variety in less-

structured activities were related to successful switching on the DCCS, controlling for

age, family income, caregiver education, and verbal knowledge. Caregivers were more

involved in less-structured versus structured activities. Caregiver ratings of children’s

temperament were related to how children’s time was spent. These findings suggest

several new avenues for studying young children’s activities at home and their rela-

tions with developmental outcomes. A video abstract of this article can be viewed at

https://youtu.be/3aGmpSnjuCs
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1 INTRODUCTION

The quality of a young child’s home environment may influence school

readiness (e.g., Korucu et al., 2019; Korucu & Schmitt, 2020; Melhuish

et al., 2008; Rodriguez & Tamis-LeMonda, 2011; Rosen et al., 2020;

Son & Morrison, 2010), possibly by building executive function skills,

which involve effectively engaging the capacity to regulate thought

and action in the service of goals across contexts. However, research

exploring young children’s typical activities at home, and links with

executive function skills, is scarce. Prior work indicates that time in

less-structured activities—where children have many opportunities to

make choices and set goals—predicts 6-year-olds’ self-directed exec-

utive function skills (Barker et al., 2014); yet it is not known whether

similar patterns hold for younger children.

There is a pressing need to understand young children’s activities

at home and how they may be related to cognitive skill development,

given that children are spending more time at home than ever before

as a result of the ongoingCOVID-19 pandemic. At the same time, there

is also increasing resistance to structuring young children’s time (i.e.,

lessons and other activities organized by adults with specific goals),

with someeschewing structure altogether (Gray, 2013). This resistance

has emerged in part as a reaction to the downward extension of formal

schooling methods into the preschool years, and in light of beliefs that

young children learn best through play and self-directed exploration

(Hirsh-Pasek et al., 2009; Lillard, 2017). However, all play is not created

equal, andempirical explorationof young children’s diverse activities at

home, and how they relate to development, is needed.

Less-structured activities have been posited to help children

develop self-directed executive function skills—which involve engaging

control in response to internal cues—by allowing children to practice

using it by making choices (Barker et al., 2014). Self-directed execu-

tive function contrasts with cued executive function, where children

engage control in response to others’ explicit instructions. In a previ-

ous study, 6-year-old children who spent more time in less-structured

activities (e.g., reading, participating in household work, playing non-

physical games) performed better on a measure of self-directed exec-

utive function, the verbal fluency task, where the goal is to maximize

the number of words generated in response to a category prompt (e.g.,

“food”). Optimizing performance on this task requires determining for

oneself when to shift to a new subcategory (e.g., from fruit to vegeta-

bles). Findings held when controlling for various potential confounds

(e.g., socioeconomic status and verbal skills; Barker et al., 2014). The

authors theorized that exercising self-directed control bymaking one’s

own choices in daily life fosters its development.

However, time spent in less-structured activities could be related

to executive function for other reasons. For example, by expressing

agency,making choices, and spendingmore time freely interactingwith

caregivers, children may have more opportunities to acquire knowl-

edge that supports learning to engage control in culturally valuedways

(Doebel, 2020). Children who spend time in less-structured activities

like visiting museums, reading books, and exploring ideas in pretend

play may acquire conceptual and linguistic knowledge that supports

using control on the verbal fluency task (Barker et al., 2014).Moreover,

RESEARCHHIGHLIGHTS

∙ Explored relation between children’s activities at home

and externally cued executive function in 93 3- to 5-year-

old children at home at the beginning of the COVID-19

pandemic

∙ More time and variety in less-structured activities was

related to externally cued executive function, controlling

for age, family income, caregiver education, and verbal

knowledge

∙ Caregivers were more involved in their children’s less-

structured versus structured activities

∙ Caregiver ratings of children’s temperament were related

to how children’s timewas spent

F IGURE 1 TheDimensional Change Card Sort (DCCS)
Note. In this task, childrenmatch pictures (blue trains, red stars) by one
dimension (e.g., shape) during the “pre-switch phase” and then after
several trials are instructed to play a new game (“post-switch phase”)
where theymust match the same pictures by another dimension (e.g.,
color). The figure illustrates what a correct response would look like in
each phase.

contrary to the notion that caregivers get in theway of children’s activ-

ities (Gray, 2013), less-structured time may provide opportunities for

children to learn from their caregivers.

Such experiences could also support using control on cuedexecutive

function measures such as the Dimensional Change Card Sort (DCCS;

Figure 1; Zelazo, 2006), which draws on verbal and conceptual knowl-

edge (e.g., knowledge of category labels, dimensions, and contrasting

rules; Bardikoff & Sabbagh, 2021; Doebel & Zelazo, 2013; Doebel &

Zelazo, 2016; Perone et al., 2015). Consistent with this idea, children

who were randomized by lottery to attend a Montessori preschool

performed better on measures of externally cued executive function

than their conventionally educated peers (Lillard & Else-Quest, 2006;

Lillard et al., 2017). Montessori preschools are characterized by giv-

ing children freedom to pursue their interests within a “prepared
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environment” that includes exposure to a variety of concepts that are

relevant to performance on executive function tasks like the verbal flu-

ency task and the DCCS.

On the other hand, the amount of time spent in less-structured

activities could alsobe related to self-directedandcuedexecutive func-

tion because children who score higher on such measures may have

skills in regulating their thinking that makes certain activities more

attractive to them and their caregivers.

The current study thus tested the possibility that time spent in a

variety of less-structured activities at home is related to cued execu-

tive function skills in younger children as measured by the DCCS. On

this task, children are instructed to match picture cards (e.g., red stars

and blue trains) by one dimension (e.g., shape) for several trials until

they build up a habit, and then are instructed to switch to matching

the same cards by another dimension (e.g., color). Many 3- and 4-year-

olds persist in matching by the first dimension despite being regularly

reminded of the new rules; yet by five years of age, children typically

switch easily (Doebel & Zelazo, 2015).While there is active theoretical

debate around how performance on the DCCS should be interpreted

(e.g., Doebel, 2020; Perone et al., 2021), the task is an established

index of externally cued executive function, with successful perfor-

mancedepending on skills inmaintaining andupdating representations

of task rules, inhibiting representations of no-longer-relevant rules,

and shifting flexibly to acting on representations of new rules (Zelazo

et al., 2013). Accordingly, the DCCS has also been the focus of several

theoretical accounts attempting to explain age-related improvements

in performance in an effort to elucidate the mechanisms of executive

functiondevelopment (e.g., Buss&Spencer, 2014;Morton&Munakata,

2002; Zelazo, 2015).

Given that less-structured activities at home are diverse, we also

explored whether the variety of activities was associated with exec-

utive function, as children who engage in more diverse activities may

have more opportunities to acquire knowledge that can support using

executive function. We also explored which specific less-structured

activities tended to be related to performance on the DCCS and how

involved caregivers tended to be in less-structured versus structured

activities.

Our second hypothesis was that time spent in structured activities

(primarily lessons with specific goals defined by adults or an app, as in

Barker et al., 2014) would also be associated with performance on the

DCCS. While previous research suggests time in structured activities

does not relate to self-directed executive function (Barker et al., 2014),

we expected it might be positively related to externally cued executive

function as indexed by the DCCS, given that younger children engag-

ing in these activities might experience quality interactions with care-

givers that foster knowledge acquisition. However, this relation might

be weaker than the relation between less-structured time and DCCS

performance if having more room to express agency and choice is cru-

cial to acquiring knowledge at this age, as has been suggested (e.g.,

Hirsh-Pasek, et al., 2009; Lillard, 2017). On the other hand, in some cul-

tural groups (e.g., ChineseAmerican), childrenexperience a fair amount

of structure and guidance from adults (Ng & Wei, 2020), which could

provide knowledge that supports externally cued executive function.

Consistent with these ideas, prior work has found that preschool cur-

ricula that introduce more structure have found improvements in chil-

dren’s self-regulation (Rege et al., 2019). While Barker et al. (2014) did

not find a statistically significant relationship between structured time

and externally cued executive function (p = 0.06), it is possible that

therewas a relation, but the studywas underpowered to detect it given

their sample size and measure of externally cued executive function

(the Flanker task).

Our third hypothesis was that time engaged with passive media

would be negatively associatedwith performance on theDCCS, consis-

tent with prior work (e.g., Lillard et al., 2015). We analyzed time spent

using passive media and engaging in primarily physical activity as addi-

tional categories of time use (apart from other less-structured activi-

ties and structured activities/lessons), both to describe the prevalence

of these types of activities and to explore their relationswith executive

function. While we did not formulate a specific hypothesis about the

relation between physical activity and executive function, given con-

flicting findings in the literature (Becker et al., 2014; Cook et al., 2019;

Nieto-López et al., 2020), we nevertheless explored this relation.

Finally, we were also interested in exploring how children them-

selvesmight shapehow their time is organizedby caregivers. For exam-

ple, caregivers’ perceptions of their child’s temperamentmay influence

the opportunities children have to engage in less-structured activities.

Thus, in the reported study, caregivers were asked about how much

time they were engaged in the activities with their child and were also

asked to report their perceptions of their child’s temperament using

the Child Behavior Questionnaire (Putnam & Rothbart, 2006) so that

we could learn more about how caregivers’ perceptions of their chil-

dren’s dispositions related to how they spent their time home.

2 METHOD

The three study hypotheses and associated analysis plan were prereg-

istered on the Open Science Framework: https://osf.io/3k49g/. By pre-

registering these predictions and being explicit about our exclusion cri-

teria, we aimed to increase confidence that the confirmatory findings

are not false positives. Given that these were independent hypotheses

and analyses, we did not plan to adjust our alpha level of 0.05 (Lakens,

2016; Rubin, 2021). However, we also report many exploratory find-

ings that the preregistration does not bear on, but that can provide new

directions for future confirmatory research.

2.1 Participants

Ninety-three children participated in our study: 33 three-year-olds,

31 four-year-olds, and 29 five-year-olds (M = 4.42 years, SD = 0.87;

range=3.00–5.92; n=43 female). Participating caregiversweremoth-

ers (n= 81) and fathers (n= 12).

We chose our sample size based on statistical power and prac-

tical considerations. To detect a small-to-medium effect (r = 0.3)

with 0.80 power and an alpha level of 0.05 we required at least 83

https://osf.io/3k49g/
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participants; however, we initially aimed to recruit a larger sample

given our plans for exploratory analyses. Our original planned sample

size was deemed unfeasible given persistently low recruitment after

the first twomonths, despite ongoing efforts.We began collecting data

onMay20, 2020 anddecidedon July 8th, 2020 (after collecting 85par-

ticipants over 2 months) that we would cease collecting data on July

29th, 2020.We recruited eight more children during that period. Prior

to stopping data collection no data had been downloaded, reviewed, or

analyzed.

Families were recruited from a database of parents and children

whohadpreviously indicated interest in participating indevelopmental

psychology research, socialmedia platforms, aswell as local school sys-

tems, childcare facilities, and community groups. Caregivers answered

questions prior to being enrolled in the study to confirm their child

did not have any conditions that would interfere with their completion

of the tasks, including developmental delays or disabilities and vision

and hearing loss. Caregiverswere also asked to confirm that they could

read English in order to complete the surveys and to confirm that their

children understood English in order to follow task instructions. All

caregivers provided informed consent in accordance with policies of

the Institutional ReviewBoardatGeorgeMasonUniversity. Caregivers

provided informed consent online when they arrived at the studyweb-

page by clicking a button beside the statement “I agree to participate in

this study.”

The racial breakdown of our sample was 76% White, 10% East

Asian, 2%Black orAfricanAmerican, 1%SouthAsian, and11%multira-

cial. Five percent identified as Hispanic/Latinx. Most of the responding

caregivers completed graduate education (46% had a master’s degree

and 16% had a Ph.D.). Thirty-two percent had a bachelor’s degree and

3% undertook but did not complete a graduate degree. One percent

undertookbutdidnot complete college. Family incomewashigher than

the national average: 31% reported an income of $200,000or more;

17% reported $125,000-149,999; 16% reported $150,000-174,999;

10% reported $100,000-124,999; 10% reported $75,000-99,999; 8%

reported $175,000-199,999; and 1% reported $50,000-74,999.

A majority of caregivers reported that their child was at home in

their care (94%), while a small minority reported their child being in

the care of a sitter, nanny, or family member (6%). In sixty-three per-

cent of families, primary care for the childwhile theywere at homewas

shared between two parents. In the remaining families, primary care

was undertaken by mothers (31%), fathers (2%), or a nanny, sitter, or

relative (3%). Participating families reported living in the United States

(98%) and the UK (2%). Prior to the pandemic, most children (75%)

attended some form of school on a part- or full-time basis (preschool,

kindergarten, or primary school). The remaining children attended a

local or family daycare (15%) or were cared for at home by a parent

or relative (4%). Few children were reported as having no formal care

(2%). A small proportion of responders left this field blank (4%).

At the time of the study, participating children had been at home

for an average duration of 87 days (SD = 19.73 days; range = 58-142

days), the vast majority being home due to some degree of pandemic-

related restrictions, with 95.7% experiencing some restrictions/partial

lockdown and 3.23% experiencing full lockdown.

2.2 Procedure

Children’s executive function was measured using two online behav-

ioral measures (only one of which provided useable data, as detailed

below). These tasks were hosted on PsyToolkit, an online behavioral

data collection platform (Stoet, 2010; 2017). Caregivers first com-

pleted an online survey in Qualtrics and thenwere provided with a link

to complete the child behavioral tasks.

2.3 Measures

Caregivers answered questions in Qualtrics about their child’s

time use, temperament, and verbal knowledge. These measures are

described below.

2.3.1 Children’s time use

Caregivers were asked to indicate the amount of time on a typical day,

in half-hour increments, that their child engaged in 32 total activities.

Thismeasurewasdesigned to capture children’s typical timeuseacross

a broad range of activities. We expected that children did not neces-

sarily engage in all reported activities every single day, so we did not

require that caregivers ensure that time estimates correspond per-

fectly to the available hours in a single day. The specific prompt care-

givers receivedwas:

Please indicate the amount of time your child is typi-

cally spending on each of the following activities dur-

ing COVID-19. Time estimates do not need to add up

exactly to a full day, but please try to count a specific

activity in one category only (e.g., countwatching1hour

of media as either “watching television” OR “watching

YouTube videos/DVD or other video media,” but do not

count it twice).

We inquired about a wide range of activities, including but not lim-

ited to: time spent engaged in arts and crafts, playing with toys, watch-

ing TV, pretending, writing, scribbling or doodling, unplanned activities

with numbers, and plannedwriting ormusical lessons. Caregiverswere

instructed to minimize overlap in how they classified an activity (e.g.,

not including their estimate of time spent playingwith toys in their esti-

mate of time spent engaged in pretending).

Coding of Time Use. We based our coding of less-structured and

structured time on Barker et al. (2014), with some intentional changes.

We initially categorized all activities as less-structured or structured,

following Barker et al. (2014). This coding scheme can be found here:

https://osf.io/3k49g/. Barker et al.’s classification was based on pre-

vious literature drawing conceptual distinctions between activities

involving more- or less-structure (e.g., Fletcher et al., 2003; Larson &

Verma, 1999; Meeks & Mauldin, 1990). Specifically, structured activi-

ties are typically organized by adult leaders and involve imposed rules,

https://osf.io/3k49g/
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standards, and goals that guide children’s activity. Less-structured

activities, on the other hand, such as play, arise more spontaneously

and are not directed in this way by adults. In our study, because chil-

dren were at home, structured activities were primarily lessons or

guided activities on computer or tablet apps. Less-structured activi-

ties included reading, playing with toys, engaging in pretense, being

involved in cooking or housework, and more. In our preregistration,

we departed from Barker et al. by separating passive activities (e.g.,

watching TV and videos and playing video games) and primarily phys-

ical activities (e.g., rough and tumble play, riding a bike) from less-

structured activities to explore their prevalence and relations with

externally cued executive function separately. Caregivers were also

given the option of specifying up to three additional activities that

their child engaged in on a typical day. Authors SD and NJS reviewed

these responses independently, agreeingonhowthey couldbe recoded

and added to one of the existing 26 activity categories. For example,

if a caregiver indicated that their child spent an hour “building Lego

sets with instructions,” this time was added to the reported time spent

“using combinable objects.” We note that our results do not change if

we do not integrate these additional text responses.

2.3.2 Caregiver involvement

Caregivers were also asked, for each activity they indicated their child

engaged in, to further indicate how much time they were actively

involved in the activity with the child. For ease of survey completion,

caregivers selected from the following options: 0%, 25%, 50%, 75%, or

100%.

2.3.3 Child temperament

Caregivers completed the Children’s Behavior Questionnaire–Very

Short Form (CBQ–VSF; Putnam & Rothbart, 2006). This questionnaire

asked caregivers to rate how true or false a specific statement was

of their child using a seven-point Likert scale ranging from “extremely

true” to “extremely untrue.” The questionnaire included statements

about children’s behavior in various situations and contexts (e.g., “My

child prefers quiet activities to active games,” “My child’s feelings

are not easily hurt by criticism,” “My child is full of energy, even in

the evening”). Scores for three subscales (effortful control, negative

affect, and surgency) were computed. These subscales are reliable,

with alphas for surgency, negative affect, and effortful control reported

as 0.75, 0.72, and 0.74, respectively (Putnam&Rothbart, 2006).

2.3.4 Child verbal skills

We used the Developmental Vocabulary Assessment for Parents

(DVAP; Libertus et al., 2015) to provide an index of children’s verbal

knowledge. Caregivers were shown a list of words and asked to mark

words that they have heard their child say. The list includedwords that

children typically learn between ages 2 and 18 years. Scoreswere com-

puted from the total number of wordsmarked.

2.3.5 Children’s executive function

Children completed two executive function measures: the DCCS

(Zelazo, 2006) and the Go/No-Go task (Wiebe et al., 2012). However,

the Go/No-Go task did not yield valid data. Specifically, 33% (29 of 89

who completed this task) of children did not meet the criteria for data

inclusion laid out in our preregistration. Children needed to respond

accurately to 75% of “go” trials, a basic requirement for establishing

a prepotent response that they must attempt to override during “no

go” trials. This may have been because the task parameters (following

Wiebe et al., 2012) were not optimized for our sample (e.g., duration of

stimulus presentation). Thus, the task is not described further. In our

preregistration, we stated that we would also ask caregivers to com-

plete a questionnaire measure of executive function, but we ultimately

decided not to include themeasure in order to reduce the length of the

study.

DimensionalChangeCardSort. Our online versionof theDCCSwas

created and hosted via PsyToolkit. The task can be found here: https:

//www.psytoolkit.org/experiment-library/dccs.html. We aimed to cre-

ate an online task that provided similar verbal prompts that would

occur during an administration of the task in the lab, both to help chil-

dren understand the task and to stay engaged. We also included spe-

cial instructions to minimize the likelihood of caregiver interference,

detailed below. Finally, we included checks to assess and account for

the possibility of caregiver interference. The goal of the task was to

match a colored shape (red star or blue train), presented on the bot-

tom center of the screen, to one of two colored shapes presented on

the top left and right of the screen (red train and blue star, respectively;

see Figure 1).

Task introduction. Children and caregivers were first introduced

to the task with narration accompanying brief animated instructions.

Specifically, they were told that the child was going to play a matching

game using the “A” and “L” keys on the keyboard. Children and care-

givers were given the option to have the child press the keys them-

selves, keeping their fingers on the “A” and “L” keys, or to have the child

point, with the caregiver pressing the corresponding keys. Caregivers

were instructed by the narrator to refrain from correcting the child’s

responses or giving them any feedback aside from gentle encourage-

ment to pay attention and keep going.

Key practice. Next, children were told they were going to practice

using the “A” and “L” keys. Children saw two identical gray-scale smi-

ley faces presented on the top left and right of the screen. An identi-

cal gray-scale smiley face appeared on the bottom center of the screen,

and the narrating voice said, “First, let’s practice using the keys we’re

using in our game. Can you press the ’A’ key?” If the child did not

respond after a 10,000ms delay or responded incorrectly (e.g., pressed

the “L” key instead of the “A” key), the voice said, “Uhoh, remember, you

have to press the ’A’ key on your keyboard. Let’s try again.” The narrator

repeated this prompt amaximumof 10 times beforemoving on or until

https://www.psytoolkit.org/experiment-library/dccs.html
https://www.psytoolkit.org/experiment-library/dccs.html
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the correct key was pressed, at which point the narrator said, “That’s

right, that’s the ’A’ key.” The same procedure was repeated for the “L”

key.

Pre-switch Practice Trials. Next, children were presented with a red

train and a blue star in the top left and right of the screen, respectively.

The narrator said, “We’re going to play a fun matching game. It’s called

the shape game! In the shape game, all the trains go here, and all the

stars go here.” The red train and blue star jiggled when referenced by

the narrator. Next, the narrator said, “Here’s a train, it goes here in the

shapegame.”At this point, a blue train appeared in thebottomcenterof

the screenbeforemoving toward the red train in the top left corner and

disappearing behind the red train. The narrator then said, “And here’s

a star, it goes here in the shape game.” Likewise, a red star appears in

the bottom center of the screen before moving toward the blue star in

the top right corner and disappearing behind the blue star. The narra-

tor concluded by saying, “Now you try.” Children were presented with

a blue train in the bottom center of the screen, and asked, “Here is a

train. Can you put it where it goes in the shape game?” The blue train

remained on the screen for 10,000ms or until the child pressed the

“A” or “L” key. If the child pressed the incorrect key, the narrator said,

“Uh oh, nope. The train goes here in the shape game. Let’s try another

one.” If the child did not respond after a 10,000ms delay, the narrator

said, “Let’s try another one,” before presenting the child with another

colored shape for the child to match. Children were given a maximum

of 10 trials or until they correctly matched each shape, at which point

the narrator said, “Yay, that’s where the train (or star) goes in the shape

game.”

Pre-switchTrials. To introduce thepre-switch trials, thenarrator said,

“Okay, nowwe’re going to play for real. Go as fast as you can and try not

to make any mistakes.” The instructions related to speed are similar to

other validated computerized versions ofDCCS (e.g., Carlson&Zelazo,

2014; Zelazo et al., 2013). As in the Toolbox version, for example, chil-

dren are given ample time to respond (10,000ms). Also like theToolbox

version, this task was designed to allow other researchers to use it and

collectRTdata if sodesired.Wedidnotplan to analyzeRTdatabecause

we permitted parents to assist with key pressing. During each trial, the

colored shape was verbally labeled (“Here’s a train (or star)”). When

the child responded, they heard a pleasant game sound. No informa-

tive feedback was provided to the child following any pre-switch trial.

There were 12 pre-switch trials in total presented in a pseudorandom

order with the restriction that the same shape could not be presented

more than two times in a row.

Post-switch Trials. Upon completing the pre-switch trials, children

were presented with a happy face and the narrator said, “Okay, now

we’re going to play a newgame.We’re not going to play the shape game

anymore, no way! We’re going to play the color game. The color game

is different. In the color game, all the red ones go here (the red train

in the top left corner wiggles for emphasis), and all the blue ones go

here (the blue star in the top right corner wiggles for emphasis). Red

ones go here, and blue ones go here. Okay, let’s play!” There were 12

post-switch trials in total, presented in a pseudorandom order with the

restriction that a shape of the same color could not be presentedmore

than two times in a row. As in the pre-switch trials, the colored shape

was labeled for each trial (e.g., “Here is a blue one”), but no feedback

was provided. Upon completing the post-switch trials, children were

shown a screen that had a smiley face with a thumbs up, and care-

givers were asked to respond “Y” or “N” to a question asking if they

pressed thekeys for their child. The firstmatchingdimensionwas coun-

terbalanced across participants, such that participants either matched

by shape then color, or by color then shape.

Data integrity checks. Upon completing the post-switch trials, care-

givers were asked to respond yes or no to the following questions: “Did

you press the keys for your child?” and “Did you correct your child after

the game switched to color (or shape)?” On the pre-switch trials, there

were very few non-responses (ranging from 0 to 2 non-responses, with

0 or 1 for most trials). On the post-switch trials, there were more non-

responses, but the overall rate remained low (i.e., fewer than threenon-

responses on most trials). Notably, on the first post-switch trial there

were eight (out of 93) non-responses, consistent with an increase in

conflict immediately following the switch, further suggesting the valid-

ity of this measure. Twenty-two parents entered responses on behalf

of their children as the study instructions allowed, and accuracy on the

DCCS did not differ between these children and those who responded

themselves, p> 0.45. Nine parents reported providing corrective feed-

back to their children in the post-switch phase. We did not exclude

these children from all analyses for two reasons. We aimed to avoid

throwing out any valid data that these participants may have con-

tributed (e.g., child activities data and temperament, first response in

the post-switch phase before receiving feedback) in order to conserve

power to test our hypotheses and explore our data. We also aimed to

avoid deviating from our preregistration and stated exclusion criteria.

We thus analyze the relevant data with and without these participants

included.

2.4 Analytic approach

We implemented our confirmatory analyses using generalized mixed-

effects regression via the lme4 package (Bates et al., 2015) in R (R Core

Team, 2014).We used glmer() to test predictors of whether a child per-

formed accurately on a given post-switch trial on the DCCS. Persever-

ation on the DCCS was operationalized as a continuous rather than

categorical variable, with proportion of correct responses in the post-

switch phase taken to indicate the extent to which children were able

to marshal executive control in order to avoid perseverative errors.

Many preschool executive function tasks use this index (e.g., Day-Night

task, Grass-Snow, Hand Game, Backward Digit Span; Carlson, 2005).

The DCCS has tended to produce bimodal data, with many children

sorting most cards correctly or incorrectly, hence, for pragmatic rea-

sons, the dependent variable has tended to be modeled as categorical

(e.g., “passing” or “failing,” according to some criterion). However, per-

severation and flexibility have been theorized to be graded phenomena

(Morton&Munakata, 2002; Perone et al., 2021). In this light, categoriz-

ing children as passing or failing (i.e., perseverating or not) risks throw-

ing out meaningful variability, resulting in a dependent variable that is

less sensitive. We address this by using logistic regression (predicting
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F IGURE 2 Children’s time use as reported by their caregiver
Note. Error bars represent 95% confidence intervals. Time in hours (Y-axis) indicates the amount of time children tended to spend in an activity on
a typical day.

accuracy on a given post-switch trial) in the context of linear mixed

models, which can handle non-normal distribution of responses.

Regression coefficients from themodels are unstandardized and on

the logit scale. Predictors in each of the models are our independent

variable of interest (e.g., less-structured time) and prespecified covari-

ates (verbal skills, age, caregiver education (highest level completed),

and family income). Caregiver education was modeled in two variables

representing orthogonal contrasts (Masters vs. Ph.D. degree com-

pleted; any graduate degree vs. no graduate degree completed). Sub-

ject was modeled as a random factor, addressing repeated measure-

ment of post-switch performance (12 trials). Our analytic script and

data file can be found here: https://osf.io/h4r6p/. As per our prereg-

istration, these analyses only included children who accurately com-

pleted eight (75%) pre-switch trials, which was necessary to establish

a prepotent response.

3 RESULTS

3.1 How did children spend their time at home?

Caregivers’ estimates of the total amount of time children typically

spent in various activities varied widely (M = 17.0 hours, SD = 5.9;

excluding time spent sleeping and napping), consistent with the pos-

sibility that children were engaging in a large variety of activities that

they did not engage in every single day. Thus, in all cases, estimates are

interpreted as the time children regularly spent in a given activity, not

time children spent in an activity every day.

Children engaged in a variety of activities while at home (Figure 2).

Caregivers reported that themost timeon a typical daywas spent play-

ing with toys (M = 1.9 hours, SD = 1.2). Children also spent a lot of

time in physical play (M = 1.3 hours, SD = 0.9), watching television

(M = 1.2 hours, SD = 1.1), reading or looking at books (M = 1.0 hours,

SD = 0.5), pretending (M = 0.9 hours, SD = 0.9), going outside for

a specific activity (e.g., riding a bike; M = 0.9 hours, SD = 0.6), and

looking at pictures (M = 0.9 hours, SD = 1.0). At the other end of

the scale, relatively little time was spent on lessons or less-structured

activities involving musical instruments (M = 0.1 hours, SD = 0.3), or

structured lessons involving writing (M = 0.1 hours, SD = 0.2), read-

ing (M = 0.1 hours, SD = 0.2), or numbers (M = 0.1 hours, SD = 0.2).

As shown in Figure 2, children tended to spend time in a variety of less-

structured activities and physical activities and to spend more time in

those activities versus other activities like lessons. Thiswas true across

a wide variety of activities.

3.2 How did caregivers’ engagement vary by
activity?

The amount of time caregivers spent engaged with their children

in activities also varied by activity (Figure 3). As one might expect,

caregivers were most engaged in activities that required supervision,

including cooking (M = 95%, SD = 19%), playing outside (M = 87%,

SD = 25%), household activities (M = 85%, SD = 24%), or structured

lessons (M = 80%, SD = 34%). They were least involved in passive

activities like TV watching (M = 24%, SD = 25%) and watching videos

https://osf.io/h4r6p/
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F IGURE 3 Proportion of time that caregiver was engaged in child’s activity
Note. Error bars represent 95% confidence intervals.

(M = 28%, SD = 29%). They were also not very involved in children’s

play with toys (M = 37%, SD = 25%). They tended to be involved

in activities like reading books (M = 71%, SD = 28%), playing non-

physical games (M = 65%, SD = 29%), looking at pictures (M = 61%,

SD= 32%), and unplanned activities with letters (M= 67%, SD= 38%).

Exploratory analyses indicated that caregivers spent proportionally

more time engaged with their children during less-structured versus

structured activities, b= 0.08, SE= 0.04, t(77)= 2.12, p= 0.037.

3.3 How did children’s time use relate to
performance on the DCCS?

Performance on the DCCS was consistent with what has been found

in the laboratory, with children showing a performance decrement

after the switch (pre-switch M = 0.97, SD = 0.06; post-switch

M = 0.87, SD = 0.22). Moreover, children showed significant age-

related improvement on the task, r = 0.27, p = 0.001, replicating a

robust finding across labs (Doebel &Zelazo, 2015).Of the childrenwho

were accurate on 75% or more of the pre-switch trials (89 of 93), 39

were accurate on all 12 post-switch trials and only one was inaccu-

rate on all post-switch trials. Fifty-twowere accurate onmore than one

but less than 12 trials. Our results are consistent with prior research

showing variability across and within studies in how well younger chil-

drenperform,with somesamplesof3-year-olds sortingmost cards cor-

rectly in the post-switch phase of the standardDCCS (Doebel&Zelazo,

2015).

As hypothesized, caregivers’ estimates of the typical amount of time

their child spent in less-structuredactivitieswereassociatedwithpost-

switch trial accuracy on the DCCS, b = 0.13, SE = 0.06, z = 2.11,

p = 0.035 (Table 1), over and above age, family income, caregiver edu-

cation, and verbal skills. These results held when we excluded children

(n = 9) whose caregivers reported correcting their child’s responses

in the post-switch phase (p = 0.022) and also held when the planned

covariates were not included (with all children: p= 0.053; without nine

children whose parents corrected them: p= 0.033).

We then implemented a second, exploratory analysis aimed at

assessing whether the total number of less-structured activities that

children engaged in was associated with performance on the DCCS.

Children varied in how many different less-structured activities they

typically spent any amount of time in (range: 4–19activities;M=12.78,

SD = 3.43), and we found that the larger the number of activities, the

more successful children were at switching on the DCCS, b = 0.17,

SE = 0.08, z = 2.01, p = 0.045, controlling for the same covariates as

in our confirmatory model (p = 0.025 when excluding children whose

caregivers corrected their post-switch performance). To gain prelim-

inary insight into how less-structured time might support executive

function, we report which less-structured activities tended to be more

closely related to performance on the DCCS (Figure 4).

We also hypothesized that more time spent using passive visual

media (TV, YouTube, video games) would be negatively associated with

executive function task performance. Our confirmatory test was not

significant (b = −0.33, SE = 0.21, z = −1.62, p = 0.105; Table 1); how-

ever, excluding the nine children whose caregivers corrected their per-

formance resulted in a trend that was consistent with our hypothesis,

b=−0.43, SE= 0.23, z=−1.83, p= 0.067.

Our results did not support the hypothesis that more time spent

in structured lessons would be positively associated with executive
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TABLE 1 Summary of linear mixedmodels predicting post-switch trial accuracy on the DCCS

Model b SE z p OR Lower CI Upper CI

Less-structured activities

Intercept −1.79 1.95 −0.92 0.359 0.17 0.00 7.64

Less-structured time 0.13 0.06 2.11 0.035* 1.14 1.01 1.29

Child age 0.11 0.04 3.26 0.001** 1.12 1.05 1.20

Ph.D. vs. Master’s degree 0.27 0.77 0.35 0.729 1.31 0.29 5.90

Grad degree vs. no grad degree 0.14 0.65 0.21 0.833 1.15 0.32 4.14

Family income −0.15 0.16 −0.98 0.328 0.86 0.63 1.17

DVAP −0.01 0.01 −1.30 0.193 0.99 0.97 1.01

Structured activities

Intercept −0.05 1.79 −0.03 0.976 0.95 0.03 31.56

Structured time −0.09 0.24 −0.39 0.694 0.91 0.57 1.45

Child age 0.12 0.04 3.04 0.002** 1.13 1.04 1.22

Ph.D. vs. Master’s degree 0.27 0.77 0.35 0.724 1.31 0.29 5.98

Grad degree vs. no grad degree −0.06 0.65 −0.09 0.927 0.94 0.26 3.38

Family income −0.20 0.16 −1.23 0.219 0.82 0.60 1.12

DVAP −0.01 0.01 −1.40 0.161 0.99 0.97 1.01

Passive activities

Intercept 0.80 1.75 0.46 0.648 2.22 0.07 68.07

Passive time −0.33 0.21 −1.62 0.105 0.72 0.48 1.07

Child age 0.12 0.04 3.33 0.001** 1.13 1.05 1.21

Ph.D. vs. Master’s degree 0.34 0.77 0.44 0.659 1.40 0.31 6.30

Grad degree vs. no grad degree −0.23 0.66 −0.35 0.724 0.79 0.22 2.87

Family income −0.18 0.16 −1.15 0.249 0.83 0.61 1.14

DVAP −0.02 0.01 −1.59 0.112 0.98 0.96 1.00

Note. b= unstandardized coefficients;DVAP=Developmental VocabularyAssessment for Parents; SE= standard error;OR= odds ratio;CI=95%confidence

interval. *p< 0.05, **p< 0.01, ***p< 0.001.

function task performance, b = −0.09, SE = 0.24, z = −0.39, p = 0.694

(Table 1). We also did not find evidence that time spent in primarily

physical activity was related to performance on the DCCS, b = 0.03,

SE = 0.21, z = 0.13, p = 0.894 (without nine participants whose care-

givers corrected them during post-switch phase: b = 0.42, SE = 0.30,

z= 1.4, p= 0.16).

3.4 How did caregivers’ perceptions of their
child’s temperament relate to how their child’s time
was organized?

Caregivers’ perceptions of their child’s temperament were associated

with how children spent their time. We ran four multiple regression

analyses for each time use category and included the following pre-

dictors: temperament variables (effortful control, surgency, and neg-

ative affect), sex, family income, and caregiver education (Table 2).

Time in less-structured activities and primarily physical activities was

positively associated with effortful control (p = 0.007 and p = 0.010,

respectively). Time engaged with passive media, by contrast, was posi-

tively associatedwith negative affect (p= 0.003), surgency (p= 0.017),

sex (more for boys; p = 0.021), and caregiver education (more for chil-

dren of graduate-educated parents; p = 0.049). Time in structured

activities was not associated with any temperament variables.

Finally, children’s activities varied by age and sex. Age was posi-

tively associated with time in structured activities (b= 0.07, SE= 0.02,

t(89)= 4.17, p< 0.001), and this was true formost activities within this

category (see Table S1 in the supplemental materials for the full activ-

itymodel analyses). For less-structured activities, unstructuredwriting

increased with age (b = 0.01, SE = 0.00, t(89) = 3.30, p = 0.001). Over-

all, age was not a predictor of time spent in less-structured activities,

butmore fine-grained exploration indicated time playingwith freeform

materials (e.g., playdoh) decreased with age (b = −0.01, SE = 0.00,

t(89)=−2.34, p= 0.022), and time playing video games increased with

age (b = 0.01, SE = 0.00, t(88) = 2.49, p = 0.014). The only additional

notable sex differences were that girls spent more time engaged in

arts and crafts (b = −1.16, SE = 0.04, t(88) = −4.08, p < 0.001) and

playing with freeform materials (b = −0.13, SE = 0.04, t(89) = −3.07,

p = 0.003), and less time playing with combinable objects (e.g., Lego;

b= 0.18, SE= 0.06, t(89)= 3.16, p= 0.002).



10 of 14 STUCKE ET AL.

TABLE 2 Summary of four exploratory linear models of predictors of children’s time use

Model B SE t p L. CI U. CI

Less-structured activities

Intercept 0.02 6.17 0.00 0.998 −12.28 12.31

Child age −0.04 0.06 −0.59 0.558 −0.16 0.09

Sex −0.58 0.53 −1.10 0.276 −1.62 0.47

Effortful control 2.11 0.76 2.77 0.007** 0.59 3.63

Negative affect 0.64 0.64 0.99 0.327 −0.65 1.92

Surgency 0.54 0.62 0.87 0.386 −0.70 1.79

DVAP −0.00 0.02 −0.14 0.892 −0.04 0.04

Income −0.31 0.30 −1.06 0.294 −0.90 0.28

Ph.D. vs. Master’s degree 0.36 1.50 0.24 0.810 −2.63 3.36

Grad degree vs. no grad degree −0.68 1.18 −0.58 0.563 −3.02 1.66

Structured activities

Intercept −3.77 1.58 −2.39 0.020* −6.91 −0.62

Child age 0.07 0.02 4.17 <0.001*** 0.03 0.10

Sex −0.06 0.13 −0.44 0.663 −0.33 0.21

Effortful control 0.22 0.19 1.11 0.273 −0.17 0.60

Negative affect 0.13 0.16 0.80 0.427 −0.20 0.46

Surgency 0.03 0.16 0.17 0.866 −0.29 0.34

DVAP −0.00 0.01 −0.86 0.392 −0.01 0.01

Income 0.06 0.08 0.79 0.431 −0.09 0.21

Ph.D. vs. Master’s degree −0.11 0.38 −0.29 0.775 −0.88 0.66

Grad degree vs. no grad degree 0.11 0.30 0.36 0.718 −0.49 0.71

Passive activities

Intercept 0.23 1.67 0.14 0.890 −3.10 3.56

Child age −0.01 0.02 −0.39 0.700 −0.04 0.03

Sex −0.33 0.14 −2.35 0.021* −0.62 −0.05

Effortful control −0.30 0.21 −1.46 0.149 −0.71 0.11

Negative affect 0.53 0.17 3.05 0.003** 0.18 0.88

Surgency 0.41 0.17 2.44 0.017* 0.08 0.75

DVAP −0.01 0.01 −1.29 0.203 −0.02 0.00

Income 0.09 0.08 1.07 0.289 −0.07 0.24

Ph.D. vs. Master’s degree 0.52 0.41 1.27 0.209 −0.30 1.33

Grad degree vs. no grad degree −0.64 0.32 −2.00 0.049* −1.27 −0.00

Physical activities

Intercept −2.07 1.75 −1.19 0.239 −5.55 1.41

Child age 0.01 0.02 0.69 0.490 −0.02 0.05

Sex −0.03 0.15 −0.17 0.863 −0.32 0.27

Effortful control 0.57 0.22 2.66 0.010* 0.14 1.00

Negative affect 0.00 0.18 0.02 0.983 −0.36 0.37

Surgency 0.26 0.18 1.50 0.139 −0.09 0.62

DVAP 0.00 0.01 0.02 0.988 −0.01 0.01

Income −0.08 0.08 −0.90 0.369 −0.24 0.09

Ph.D. vs. Master’s degree 0.32 0.43 0.74 0.461 −0.53 1.16

Grad degree vs. no grad degree 0.33 0.33 0.99 0.323 −0.33 0.99

Note. b= unstandardized coefficients;DVAP=Developmental VocabularyAssessment for Parents; SE= standard error;OR= odds ratio;CI=95%confidence

intervals.
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F IGURE 4 Relations between specific less-structured activities and rate of successful switching on the DCCS
Note. Each plotted estimate is from a separate generalized linear mixedmodel with age, family income, caregiver education, and verbal skills
included as covariates (like confirmatorymodels). Estimates are unstandardized coefficients. Error bars represent 95% confidence intervals.

4 DISCUSSION

The reported study yields rich data providing new insights about the

relation between children’s time use and their cognitive skill develop-

ment. Time and variety in less-structured activities, excluding primarily

physical activity and engagement with passive media, were associated

with successful switching on a measure of cued executive function,

the DCCS, controlling for age, family income, caregiver education,

and a measure of verbal knowledge. We thus show that the relation

between less-structured time and executive function is not specific to

self-directed executive function, as previously suggested (Barker et al.,

2014).

These findings are consistent with several possibilities. One is that

time in less-structured activities benefits executive function by pro-

viding opportunities to acquire valued knowledge that helps children

engage executive function in culturally valued ways. On the other

hand, it is also possible that less-structured activities helped children

strengthen executive function broadly, rather than providing knowl-

edge that supports using it in particular ways (e.g., on the DCCS). The

reported study is the first to demonstrate a relation between less-

structured time and externally cued executive function and was moti-

vatedby ideas regarding the role of knowledge in performanceon tasks

like the verbal fluency task and the DCCS (Doebel, 2020). Prior exper-

imental work suggests that knowledge matters (e.g., Bardikoff & Sab-

bagh, 2021; Doebel & Zelazo, 2016; Perone et al., 2015); however, it is

possible that less-structured activities provide children with opportu-

nities to practice and strengthen self-directed and cued executive func-

tion in a general way, regardless of the specific knowledge required in a

task. More research is needed to adjudicate between these competing

accounts.

Conversely, it could be that children with better executive function

are more likely to show interest in less-structured activities, or that

children with better executive function had parents with better execu-

tive function, who, in turn, weremore likely to facilitate children’s less-

structured activities. Future research can test competing hypotheses

with experimental and longitudinal designs.

We also found that caregivers tended to spend more time with

their children during less-structured versus structured activities.Many

less-structured activities that tended to relate to DCCS performance

(e.g., being involved in cooking activities, engaging in arts and crafts,

completing puzzles and matching games, pretending) could represent

proxies for a certain kind of quality of time that supports language

and conceptual acquisition, learning about others’ minds and expecta-

tions, and learning about following rules and instructions, all of which

may support engaging control on the DCCS and other executive func-

tion tasks (Alderson-Day & Fernyhough, 2015; Bardikoff & Sabbagh,

2021; Bernier et al., 2010; Carlson & Moses, 2001; White & Carlson,

2021). Testing relations between specific kinds of activities, knowl-

edge, and executive function skills is thus a key direction for future

research.
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We expected that structured time might be associated with execu-

tive function performance, but we did not find support for this hypoth-

esis. This could be because such structured time indeed restricts the

potential to acquire diverse knowledge that, in turn, benefits using

executive function. On the other hand, the absence of support for our

hypothesis may also be explained by the overall low incidence of struc-

tured activities in this sample.

We also explored how caregivers’ perceptions of their child’s tem-

perament related to how their child’s time was spent. Children rated

higher in effortful control, a general tendency towards emotion and

behavioral regulation, weremore likely to spend time engaged in phys-

ical or less-structured activities. They also engaged in a greater variety

of less-structured activities. Children rated higher in negative affect

or positive emotional reactivity (surgency) were more likely to spend

time engaged with passive media. These findings suggest that how

caregivers perceive their children may lead them to expand or limit

children’s time in certain activities, affecting opportunities to learn.

On the other hand, children with certain dispositions may pursue and

engage longer in specific kinds of activities. Future research can test

these different possibilities. For example, if caregivers’ perceptions are

important determinants of how children spend their time, intervention

research could target those perceptions and their antecedents to shift

children’s time use in constructive directions.

Our findings related to passive media use and executive function

were inconclusive in that time spent engaged with passive media did

not significantly predict switching on the DCCS, yet there was a trend

in the expected direction. It is possible, for example, that there was a

small effect, and our studywas underpowered to detect it. Futurework

canaddress theextent towhichpassivemedia usemay restrict learning

opportunities that could benefit children’s developing executive func-

tion skills.

Additional explorations yielded noteworthy patterns related to

age and sex. Whereas child age did not predict time spent in less-

structured, passive, or primarily physical activities overall, several

activities within the less-structured and passive categories tended

to increase with age (playing videogames and unstructured writ-

ing/doodling), while others decreased (time using freeform materi-

als like Play Doh). Further, while sex did not predict time spent in

less-structured, passive, or physical activities overall, girls tended to

spend more time in some activities, including arts and crafts and using

freeform materials, as compared to boys, who tended to spend more

time using combinable objects. Future research can confirm such pat-

terns and explore implications for developing executive function.

Our study also suggests that it is feasible to conduct remote stud-

ies involving behavioral data collection with preschoolers online. How-

ever, such research is not without challenges. Recruitment can be diffi-

cult for an online studywith a duration above 30minutes. Familiesmay

be less willing to participate in the same studies in which they would

gladly participate in person, possibly because in-labparticipationoffers

distinct rewards (e.g., opportunities to observe child engaging with an

experimenter, opportunities to chat with researchers).

We note some limitations of the reported study. It is important to

note that families in our sample were, on average, highly educated and

affluent. These findings provide a starting point for future research on

this topic that can explore these questions in a more diverse sample of

families, as there is a pressing need to better understand how diverse

children are spending their time at home and how this relates to their

emerging executive function skills, which are known to be a key ingre-

dient in school-readiness (Blair & Razza, 2007).

It is also important to consider that our study was conducted dur-

ing a time of global crisis that must be considered when attempting to

generalize to different times and circumstances. It is possible that the

patterns documented here do not reflect these children’s typical expe-

riences at home prior to COVID-19.

The methods used in the reported study do not allow us to speak

to whether the degree of structure a child is provided with in vari-

ous activities is related to externally cued executive function. This is

becausewemeasured the variety and amount of time children spent in

a broad range of activities classified as less-structured and did not code

the degree of structure that characterized each activity. Such coding

presents a host of challenges that may be overcome in future research.

For example, while we construed children’s involvement in housework

as a less-structured activity (Barker et al., 2014), one could argue that

this activity could involve more or less imposed structure, depending

on the caregiver. Future research could address this by asking care-

givers about the amount of structure and choice provided in specific

activities.

The reported study advances theory on executive function by artic-

ulating andbeginning to test new ideas about howexperience is related

to emerging executive function skills. Research on the role of experi-

ence in the development of executive function has often been guided

by a model of executive function as a small set of general neurocog-

nitive abilities or processes. This kind of model constrains how one

thinks about the role of experience (e.g., as influencing healthy brain

development that supports executive processes). The reported study

begins to explore a different way of thinking about how experience

may be related to developing executive function skills (i.e., by providing

knowledge and skills that support using executive function in particular

ways).

How young children spend their time matters for development and

school readiness, and thus is an important area of study, particularly

at a time when many children are spending more time at home. This

research shows that time and variety in less-structured activities is

not only associated with self-directed executive function, as previ-

ously found, but also externally cued executive function in younger

children. Caregivers’ ratings of children’s temperament are also asso-

ciated with how children spend their time. Future research can fur-

ther explore these patterns with more diverse samples and causal

designs to better understand what kinds of less-structured activities

may be particularly valuable for preparing children to thrive in the

world.
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