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Abstract

The main purpose of the research was to describe the daily screen media habits and non-screen media habits like indoor
and outdoor play, and sleep of preschool children aged 2 to 6 years from Singapore, South Korea, Japan, and Finland using a
content-validated online questionnaire (SMALLQ®) and unsupervised cluster analysis. Unsupervised cluster analysis on 5809
parent-reported weekday and weekend screen and non-screen media habits of preschool children from the four countries
resulted in seven emergent clusters. Cluster 2 (n=1288) or the Early-screen media, screen media-lite and moderate-to-vig-
orous physical activity-lite family made up 22.2% and Cluster 1 (n=261) or the High-all-round activity and screen media-
late family made up 4.5%, respectively represented the largest and smallest clusters among the seven clusters that were
emergent from the pooled dataset. Finland was best represented by Cluster 2 and Japan was best represented by Cluster
3 (High-screen media-for-entertainment and low-engagement family). Parents from Finland and Japan displayed greater
homogeneity in terms of the screen media and non-screen media habits of preschool children than the parents from
South Korea and Singapore. South Korea was best represented by Clusters 6 (Screen media-physical activity-engagement
hands-off family) and 7 (Screen media-lite, screen media-late and high-physical activity family). Singapore was best repre-
sented by Clusters 4, 5, 6 and 7, and these clusters ranged from Low all-round activity-high nap time family to Screen
media-lite, screen media-late and high-physical activity family. Future research should explore in-depth reasons for the
across-country and within-country cluster characteristics of screen media and non-screen media habits among preschool
children to allow for more targeted interventions.
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Background and rationale

Research suggests that how time is spent in the first five
years of life matters in terms of brain development and
other developmental milestones.' Early experiences in chil-
dren’s lives are associated with important later-in-life out-
comes like physical and mental well-being and educational
attainment.”™ In the present study, screen digital media
habits are daily routines adopted by parents and children
that are characterized by use of different stationary and
mobile devices, multitasking with several media and activ-
ities simultaneously, and allocating of varying degrees of
attention to each competing pursuit.” Conversely, non-screen
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media habits are daily activities that do not involve the use
of screen digital media devices. Examples of such activ-
ities gleaned from previous studies are indoor and
outdoor play, and sleep.® According to the socioecological
model, parent behaviour can influence that of children at
this period of early years. Parent screen digital media
habits and home as an immediate environment within
the context of a family are important characteristics
when considering screen digital media habits of preschool
children.

Screen media and non-screen media habits in
association with movement guidelines

There has been a move towards adoption of movement or
activity integrated guidelines for children in recent years
given that the day is made up of sleep time, sedentary
time, and light, moderate- or vigorous-intensity physical
activity. The World Health Organisation (WHO) guidelines
on physical activity, sedentary behaviour, and sleep for
young children under 5 years of age are one such integrated
guideline. For example, it is recommended that for children
ages 3 to 4 years old to gain the greatest health benefits, they
should: (i) spend at least 3 hours of physical activity of
which at least 1 hour is moderate-to-vigorous physical
activity; (ii) not be restrained for more than 1 hour at a
time and when screen media is used, sedentary screen
time should be limited to no more than 1 hour and (iii)
have 10 to 13 hours of good quality sleep over a 24-hour
period.” As inactive screen media use is usually performed
while seated for a period of time, this activity is considered
as a constituent of sedentary behaviour. Screen-based activ-
ities are increasingly prevalent among children in this
digital age and those who spent excessive sedentary
screen time have a higher risk for overweight and
obesity.® Physical activity, sedentary behaviour, and sleep
are important activities that can potentially influence
and shape behaviours later in life and hence, it is worth
considering how different preschool-aged children
spend their time differently on each of these activities
throughout a day.

Parent screen media habits and engagement of
screen media with child

Parents play an important role as role models in shaping
child’s screen media habits especially during the early
years of childhood. Studies showed that parent’s
screen-viewing time has significant association to the
screen-viewing time of child.® The quality of child’s
digital screen media experience is not only dependent
on the educational value of the media content a child
is exposed to but the quality of interaction between
the parent and child. For instance, parents playing an

active mediation role (e.g. when parents communicate
and discuss with children about characters or themes
from a media programme) instead of a passive role
can help safeguard their children’s digital media
experience and enhances the quality of parent—child
interactions.'®

Application of unsupervised clustering methods to
time-use and lifestyle behaviours

Clustering is a powerful machine learning tool for detecting
structures in datasets and is emerging as a useful tool for
disease diagnosis in medicine.!' In the context of the
present study and preventative medicine clustering may
provide new insights for future health counseling or inter-
ventions among families with young children who are in
need or more vulnerable to imbalances in screen media
and non-screen media habits among preschool children.
The main purpose of clustering is to organize data into
groups or objects of similar characteristics so that informa-
tion about the dataset is simplified.'? Unsupervised cluster-
ing is a useful tool for understanding behavioural patterns
such as movement and diet patterns in children.'® The use
of K-means is an unsupervised machine learning approach
to partitioning data that makes no a priori assumption about
the specific variable scores.'* For instance, the unsuper-
vised clustering treatment of data was used to derive three
distinct clusters of healthy, unhealthy and mixed in diet
and movement behaviour research.'® In the cluster identi-
fied as healthy, the authors were able to discern that chil-
dren who were in this healthy cluster reported having
high fruit and vegetable intake and high levels of outdoor
play, and conversely those in the unhealthy cluster had
low fruit and vegetable intake or high discretionary food
intake and high levels of sedentary behaviour.'® Still, the
use of machine learning techniques such as unsupervised
clustering of screen media and non-screen media habits
data of preschool children within countries is apparently
unexplored and none have been used in across-country ana-
lysis. Results of such an approach can provide a more
nuanced understanding of the daily screen and non-screen
media habits of preschool children living in Singapore,
South Korea, Japan, and Finland and allow for more tar-
geted approaches at addressing the daily screen media
and non-screen media habits of preschool children across
different countries.

Research objectives

The objectives of the research were (i) to apply an
unsupervised clustering technique to daily screen media
and non-screen media habits of preschool children living
in Singapore, South Korea, Japan, and Finland, and to
describe the characteristics of the emergent clusters for
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the four countries combined, and (ii) to explain the clusters
that best described the daily screen media and non-screen
media habits of preschool children, respectively for
Singapore, South Korea, Japan and Finland.

Methodology

The research was performed in accordance with the
Declaration of Helsinki. Overall research approval for the
study was obtained from the Human Research Ethics
Committee of the Nanyang Technological University in
Singapore (IRB 2017-09-036 and IRB 2019-02-036). The
research is part of a larger international study called
International iPreschooler Surveillance Study Among
Asians and otheRs (iissaar.com) and represented the first
cross-sectional results of the four countries that successfully
completed the first round of data collection in 2019, prior to
any movement restrictions imposed because of the
COVID-19 pandemic.

Instrument

Surveillance of digital Media in eArLy childhood Questionnaire
(SMALLQ®). SMALLQ® was the common questionnaire
used in the four-country comparative research. The devel-
opment, validity and internal consistency of the
SMALLQ® were previously described and discussed.® '°
The SMALLQ® is not a psychometric instrument but
rather a lifestyle questionnaire that elicits behavioural
habits of screen media use, physical activity and sleep.
The SMALLQ® used an adapted framework of screen
media parenting where screen media use, physical activity
and sleep were described in terms of amount, content and
context.'® The SMALLQ® solicited parent self-reported
daily screen media habits media children’s daily screen
media and non-screen media habits under these key seg-
ments: (i) digital home environment in terms of ownership
of fixed and mobile screens, (ii) parent and child screen
media habits on the weekday and weekend, (iii) child non-
screen media habits on the weekday and weekend like
indoor and outdoor play, and sleep, and (iv) demographic
information of the parent and child. Content validity of
the SMALLQ® was established in accordance with the
existing procedures outlined by the cited authors.'” '®
The computed internal consistency of the SMALLQ®
for Singapore, Finland, South Korea, and Japan were
Cronbach’s alpha values of 0.79, 0.72, 0.64 and 0.71
respectively, and was adjudged to have modest reliabil-
ity. Cronbach alpha values of 0.70 to 0.90 are deemed
to be valued and acceptable.'® The original language of
SMALLQ® is Singaporean English. SMALLQ® was
translated to Finnish, Swedish and Russian (for Finland),
Japanese (for Japan) and Korean (for South Korea) using
the forward- and back-translations method used by the
WHO.>

Participants and procedures

The descriptive cross-sectional research was conducted for
parents of children who attended preschools in cities and/or
municipalities in Singapore, South Korea, Japan and
Finland. The four countries were adjudged on international
benchmarks to be somewhat similar. For instance, the World
Bank classifies the world’s economies into four income
groups — high, upper-middle, lower-middle and low. The
four countries were classified as ‘high income’ and were
highly placed in the 2020 United Nations Human
Development Index with Singapore (0.938), Finland (0.938),
Japan (0.919) and South Korea (0.916), where 1.0 is syn-
onymous to a perfect score.”! 2 Parents of preschool children
aged between 2 and 6 years were invited to take part in the
study. The SMALLQ® was hosted on Qualtrics® XM
(SAP, Provo, US) and completed online for Singapore,
South Korea and Finland. For Japan, parents completed the
SMALLQ® in hardcopy and questionnaire data were subse-
quently entered in excel format by their research team. Data
for the four countries were collected between March and
December in 2019 prior to any imposition of COVID-19
restrictive measures in the four countries.

Country recruitment of survey respondents

Parent respondents are either fathers or mothers. Individual
country recruitment of survey respondents is described
below.

Singapore. Parents of children attending 425 preschools in
Singapore (a tropical urbanized city state, situated 1.5
degrees north of the Equator) were recruited from 15
March to 24 September 2019. These preschools operated
under a private-public enterprise arrangement called the
Anchor Operator Scheme (https:/www.ecda.gov.sg/
Parents/Pages/AOP.aspx) (accessed on 30 August 2022).
The private-public arrangement provided government-
subsidized and good quality early childhood education
(ECE) to the masses, and especially to lower-income and
disadvantaged households. A majority of parents who
enrolled their children under the Anchor Operator
Scheme therefore came lower-to-middle income house-
holds. The preschool operators sent out a research invitation
letter inviting parents of children enrolled in their pre-
schools to take part in the survey. Similar survey conducted
previously in Singapore showed that the ethnicity of parents
represented in the poll was in close representation to the
country’s population profile.”> At least half of the parents
sampled had at least a bachelor’s degree and most have a
monthly household income ranging between SGD 2501
and SGD 12,000.

Finland. The representative Finnish sample was conducted
randomly by Probability Proportional to Size (PPS)
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sampling. Participants from the sample municipalities were
recruited via municipal ECE centres and three private ECE
centres. From a total of 56 municipalities, a total of 426
centres chose to participate. As an exception, four munici-
palities and the private ECE centres chose to disseminate
the survey to all parents with children in all their ECE
centres. In order to access speakers of minority languages,
the survey was offered in four commonly spoken lan-
guages: Finnish, Swedish, Russian and English. The ori-
ginal SMALLQ® was translated from English to Finnish,
Swedish and Russian. The data collection took place from
11 November to 1 December 2019 and the final sample
represented Finnish families with preschool-aged children
enrolled in ECE centre both geographically and socio-
demographically. Finnish sampling procedure is explained
more detailed in an earlier study. Most of the parents
sampled had at least a bachelor’s degree and an annual
household income of at least EUR 40,000.%*

Japan. Three childcare facilities schools in Nishinomiya
and five children centres in Ohira and Tomiya were partici-
pating sites for the study conducted in Japan. Nishinomiya
is located in Hydgo prefecture, and Ohira and Tomiya are
located in Miyagi Prefecture. These regions are classified
by the 1947 Japanese Enforcement Decree of statutes of
local governments. Parents of preschool children enrolled
to these eight nursery schools were recruited via conveni-
ence sampling. After appropriate assent were obtained,
parents completed the questionnaire tool between 1 June
and 31 October 2019.*° The language of the survey was
Japanese. Most of the parents sampled had at least a post-
secondary school education and a monthly household
income of 200,000 yen to 600,000 yen.

South Korea. A total of 20 private kindergartens in cities
such as Seoul, Incheon, Ansan and Suwon in South
Korea were invited to be involved in the study. The study
objectives were first presented to the director of the
private kindergartens by the researchers in South Korea
before invitations to take part in the survey were distributed
by mail to parents of preschool children from 17 September
to 21 November 2019. All participants provided both verbal
and written consent prior to participation in this study. The
language of the questionnaire was Korean. Most of the
parents sampled had at least a bachelor’s degree and a
monthly household income of at least 4 million won.

Variables of interest used in clustering analysis

Child screen and non-screen digital media habits. Duration
of child screen digital media habits and non-screen digital
media habits were solicited from parent responses to
SMALLQ®. Examples of child screen digital media use
on a weekday and a weekend asked in SMALLQ® are
using screen digital media for learning or educational

purposes, for keeping child entertained, for communicating
with relatives, and for creating media. Child non-screen
digital media activities are activities without the use of
screen digital media devices. These include light intensity
physical activity like reading books, drawing as well as
moderate-to-vigorous intensity physical activity like
indoor and outdoor play that makes child breathe harder
and faster as reported by parents. Duration of child
daytime naps and night-time sleep on a weekday and a
weekend respectively were reported by parents.
Additionally, general information about the child such as
age, height and weight were solicited.

Home digital environment, parent screen digital media habits
and engagement with child. Information about the type of
screen digital media devices that parents have at home
was solicited. These included fixed screens such as televi-
sion, desktop computers and game consoles, mobile
screens such as smartphones, tablets and other hand-held
devices and programmable toys. Parents were queried
about their screen digital media habits, respectively, on a
weekday and on a weekend. The activities were segregated
as use for work, entertainment, social networking and for
personal development. Parents were also asked in
SMALLQ® for the proportion of time they spent engaged
in screen-based activities and physical play with their
child respectively.

Data analysis

All tests were conducted with JASP Statistics VO0.11
(September 2019 — www.jasp-stats.org) and R version
3.6.0. Step 1 of the analysis involved data cleaning by
removing all the answers where more than 5% of data
were missing. The final pooled dataset comprised 5809
parent responses (Singapore — 2,162, 37% of total, South
Korea — 927, 16% of total, Japan — 892, 15.4% of total
and Finland — 1,828, 31.5% of total). Step 2 involved
filling in the remaining missing values using a random
forest package (miss Forest) in R 3.6.0.% 7 In this step,
arandom forest for each variable was created and thereafter
the model was used to predict the missing values in the
dataset with reference to the other observed variables.
Step 3 involved normalizing the continuous data using a
z-Score approach so as to minimise the impact of the differ-
ent individual scales that was used in the SMALLQ®. An
unsupervised cluster analysis was performed on the normal-
ized data, to identify existing patterns within the dataset."’

Unsupervised cluster analysis

From a machine learning perspective, clustering algorithms
are useful in segregating a large dataset into different k
groups or clusters without knowing a priori any grouping
or label, where observations within the same group that
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have the highest similarity and are sufficiently different
from observations belonging to other groups are classified
and clustered. In the present research, the function kproto
from the package “clustMixType” was used to classify
the observations.” *° The algorithm performed large
dataset clustering using K-means algorithm with mixed
data consists of continuous variables (e.g. parent-reported
indoor and outdoor play durations of their child in
SMALLQ®) and categorical variables (e.g. parent-reported
home ownership of screen digital media devices in
SMALLQ®). The clustering procedure was performed on
the pooled dataset from the four countries comprising the
pooled parent responses to the SMALLQ®.

Naming and comparison of clusters

The optimum value of & (i.e. the optimal number of differ-
ent clusters) was selected based on the McClain index
where the minimum value of the index indicated the
optimal number of clusters.”® The McClain index for a
potential number of clusters from 2 to 13 was explored
and a decision was made on the appropriate number of clus-
ters based upon the associated McClain values. Using this
criterion, seven clusters were identified, and the key charac-
teristics or profiles of each cluster were noted. Adjectival
descriptions of each cluster (i.e. cluster name) were
created based upon the significant characteristics of the
parent responses to the SMALLQ®. These cluster names,
in the context of the family, helped to differentiate one
cluster from the other. Results for each question from the
survey were expressed as a percentage of the average
value across all the pooled parent responses (i.e. combined
dataset of the four countries). Chi-square tests were used to
investigate differences in the distribution of clusters across
the countries with an a priori level of statistical significance
set at p<0.05.

Results

Emergent clusters for pooled datasets of the four
countries

From the clustering algorithm, seven emergent ‘best-fit’
clusters for the pooled dataset of the four countries were
identified. The optimal value of k=7 was selected based
upon the McClain criterion, where k=7 corresponded to
the minimal McClain value* (McClain=[0.827282;
0.864343; 0.746846; 0.752599; 0.732144; 0.70565%;
0.733469; 0.710202; 0.715737; 0.721037; 0.738412;
0.721979] for 2-13 clusters, respectively).31 The number
of parent respondents across the seven clusters derived
from the pooled dataset of the four countries is presented
in Figure 1A (N=5809). In terms of number of parent
responses Cluster 2 had the highest number at 1288 while
Cluster 1 had the lowest number at 261. Clusters 3 and 6

had parent-response numbers, respectively of 969 and
915, followed by Clusters 4 and 5 with 829 and 822 and
Cluster 7 with 725 parent responses.

Cluster distribution by countries

Figure 1B (Singapore), 1C (Finland), 1D (South Korea) and
1E (Japan) show the cluster distribution by country. The
distribution of clusters was significantly different across
countries [)(2(18, N=5809)=28074, p<.001]. For instance,
in Figure 1B, Singapore had a prevalence of parent
responses that are described in Clusters 4 and 5, Finland
had a prevalence of parent responses that is described in
Cluster 2 (Figure 1C), Japan had a prevalence of parent
responses that is described in Cluster 3 (Figure 1E),
South Korea had a prevalence of parent responses that is
described in Clusters 6 and 7 (Figure 1D). Overall,
Finland and Japan had somewhat similar parent response
profiles with unique digital-use behaviours, whereas
Singapore and South Korea had relatively more diverse
parent response profiles as represented by a wider distribu-
tion of clusters that encapsulated multiple digital-use
behaviours.

Cluster descriptions in terms of daily habits of screen
media and non-screen media and other
characteristics in the context of the family

The seven cluster distributions from the pooled dataset
(combined data of Singapore, South Korea, Japan and
Finland) are shown in Figure 1A. The detailed descriptions
for each cluster described in familial contexts are summar-
ized in Table 1. The values are presented in percentage,
with the average across all parent-responses as a reference.
Each cluster is described in the context of the family and is
characterized by its main specificities.

Cluster 1 (n=261) — ‘High-all-round activity and screen
media-late family’ in relative terms was described by above
average screen media and non-screen media use. Parent
responses suggested high-screen media and non-screen
media engagement including high-physical activity engage-
ment. Cluster 1 was characterized by a lower ownership of
video game and CD-DVD players at home, and contrast-
ingly, +78% more than average ownership of intelligent
toys (e.g. programming robots, learning codes). Parents in
Cluster 1 reported very high-screen media use at +119%
above the average during weekdays and weekend.
Parent-reported child screen media use on the weekday
and weekend was +326% more than the average use. Of
interest, the screen media engagement for educational
purpose was +693% more than the average for screen
media creation. Parents in this cluster also reported
+153% more than the average for child non-screen media
engagement — for reading physical books (+184% more
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Figure 1. Clusters distribution for the whole data set (1A, N=5809) and breakdown by countries: Singapore (1B, N=2162), Finland (1C, N
=1828), South Korea (1D, N=927) and |apan (1E, N=2892). All clusters were statistically different from each other. Note. Cluster 1:
High-all-round activity and screen media-late family, Cluster 2: Early-screen media, screen media-lite and moderate-to-vigorous physical
activity-lite family, Cluster 3: High-screen media-for-entertainment and low-engagement family, Cluster 4: Low all-round activity a high
nap-time family, Cluster 5: High-screen media, high-physical activity and high-engagement family, Cluster 6: Screen media-physical
activity-engagement hands-off family and Cluster 7: Screen media-lite, screen media-late and high-physical activity family.

than the average), for drawing and painting (+224% more
than the average), for physical activity (+39% more than
the average) and for outdoor play on weekdays (+181%
more than the average). For this reason, the adjectival
term high all-round activity family is used to partially
describe Cluster 1. Parents in this cluster reported that the
child’s first exposure to screen media was later in childhood
(+40% later than average for fixed screens and +20% later
than average for mobile screens). Therefore, the adjectival

term of screen media-late family completed the description
of Cluster 1 (i.e. High-all-round activity and screen media-
late family).

Cluster 2 (n=1288) — ‘Early-screen media, screen
media-lite and moderate-to-vigorous physical activity-lite
Sfamily’ in relative terms was described by a lower average
time spent using screen media for parents and children (i.e.
screen media-lite). In this cluster, the lower-than-average
engagement in screen media was also associated with a
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less-than-average  level of  physical activity of
moderate-to-vigorous intensity (i.e., moderate-to-vigorous
physical activity-lite) More precisely, parents in this cluster
reported a high use of video games (+70% more than the
average) and CD-DVD player ownership at home (+37%
more than the average). However, parents in this cluster
reported less engagement with screen media (—16% less
than the average with —60% use than the average for
work). Parents in this cluster reported an earlier child first-
exposure to screen media (—42% less compared to the
average age of first exposure) (i.e. Early-screen media),
however child screen media engagement was lower (—20%
lower regardless the type of usage), and specifically, lower
for education use (—46% lower compared to the average)
(i.e. screen media-lite). Parents in this cluster reported
higher non-screen media behaviour (+16% more than the
average regardless the activity) except in those children
who had spent less time napping (—37% less compared to
the average time of napping). Interestingly, in the cluster,
the percentage of child physical activity that was accompan-
ied by parents was lower (—14% lower compared to the
average). For these reasons, Cluster 2 was named adjectivally
as ‘Early-screen media, screen media-lite and moderate-
to-vigorous physical activity-lite family’

Cluster 3 (n=969) ‘High-screen-media-for-
entertainment and low-engagement family’: In this
cluster both parents and children used screen media pre-
dominantly for entertainment (+21% more compared to
the average) (i.e. high-screen media for entertainment)
and less for other purposes. Parents and children used
less screen media for work, social networking and for
personal development (—31% less for parents and
—71% less for children compared to the average).
Somewhat similar, to Cluster 2, there was a high owner-
ship of video games (+49% more than the average) and
CD-DVD player in the home (4+80% more than the
average) but relatively less in the ownership of intelligent
toys (—50% less compared to the average). Parents and
children in this cluster spent less time on non-screen
media activities (—46% less compared to the average)
and also spent less time engaged in parent—child activ-
ities (—35% less compared to the average) (i.e. low
engagement). For these reasons, Cluster 3 is adjectivally
named as the ‘High-screen media-for-entertainment and
low-engagement family’.

Cluster 4 (n=2829) — ‘Low all-round activity and high
nap-time family’: This cluster was characterized by the
lowest screen and non-screen media behaviours (i.e. low
all-round activity) In contrast to Cluster 3, there was less
ownership of screen media in the home (—19% less com-
pared to the average) and specifically less video game
players (—45% less compared to the average) and
CD-DVD players (—61% less compared to the average).
Also, except for parents’ use of screen media for work
(+20% more than the average), parents and children,

respectively in this cluster had less screen media use
(—=17% less compared to the average for parents and
—24% less compared to the average for children), and
also for non-screen media activity (—33% less compared
to the average for children). Children in this cluster had a
longer nap time (+85% more than the average) (i.e. high
nap time) perhaps because children were younger in age
in this cluster (—16% younger compared to the average).
For these reasons, Cluster 3 is adjectivally named as the
‘Low all-round activity and high nap-time family’.

Cluster 5 (n =822) — ‘High-screen media, high-physical
activity and high engagement family’: In this cluster,
parents and children, on their own, had higher screen
media engagement (457% higher compared to the
average for parents and +27% higher compared to the
average for children) (i.e. high-screen media, high-
engagement) with a higher parent—child screen media
engagement (+39% more compared to the average).
Children in this cluster spent more time engaged in
indoor and outdoor physical activity (+39% more com-
pared to the average) (i.e. high-physical activity, high-
engagement) and also shared more time with parents in
indoor and outdoor physical activity (+48% more com-
pared to the average). Younger children (—20% younger
compared to the average) in this cluster spent more time
napping (+121% more compared to the average) and also
more time on other non-screen media activities. For these
reasons, Cluster 5 was names as the ‘High-screen media,
high-physical activity and high engagement family’.

Cluster 6 (n=915) — ‘Screen media-physical activity-
engagement hands-off family’: This cluster was character-
ized by a lower child screen media use (—20% lower com-
pared to the average) except for education (+17% more
compared to the average). Children in this cluster were
first exposed to screen media later (+39% older than the
average) (i.e. Screen media hands-off). In this cluster
home ownership of screen media types was lower espe-
cially for CD-DVD (—31% lower compared to the
average), video games (—62% lower compared to the
average) and intelligent toys (—24% lower compared to
the average). Parents in this cluster used less of screen
media (—21% less compared to average) except for social
networking and personal development. Parent—child times
shared for using screen media and physical activity, respect-
ively were lower (—36% lower digital media use compared
to the average and —31% lower physical activity compared
to the average) (i.e. Physical activity and engagement
hands-off). Children in this cluster napped less (—56%
less compared to the average) and were older (+17%
older than the average) and spent less time on indoot/
outdoor physical activity (—11% less compared to the
average), with a lower physical activity intensity (—17%
less compared to the average). For these reasons, Cluster
6 was adjectivally named as the ‘Screen media-physical
activity-engagement hands-off family’.
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Cluster 7 (n="725) — ‘Screen media-lite, screen media-
late and high-physical activity family’: In this cluster
parents reported a lower usage of digital media for all pur-
poses (—28% less compared to the average), and concomi-
tantly, lower child screen media engagement (—29% less
compared to the average), except for educational purpose
(+8% more compared to the average) (i.e. Screen media-
lite) Children in this cluster were first exposed to screen
media later (+29% older than the average) (i.e. Screen
media-late). Parent—child shared times for screen media
use and indoor and outdoor physical activity, respectively,
were high (+43% more compared to the average for digital
media use, and +59% more compared to the average for
physical activity). Children in this cluster had higher
outdoor physical activity time (+35% more compared to
the average) and engaged in more intense indoor and
outdoor physical activity (+55% more compared to the
average) (i.e. high-physical activity). For these reasons,
Cluster 7 was adjectivally named as the ‘Screen media-lite,
screen media-late and high-physical activity family’.

Discussion

Clustering of the combined datasets of parent
responses from Singapore, South Korea, Japan and
Finland

The main purpose of the study was to distill and explain the
characteristics of time-use of parents and children derived
from the online SMALLQ® for Singapore, South Korea,
Japan and Finland, using machine learning and an unsuper-
vised clustering approach. The four countries were
adjudged as high-income and were high-human
development-index countries. A key finding was the identi-
fication of seven clusters that characterised the diversity of
parent responses about the digital and non-digital media
habits of preschool children. Understanding the characteris-
tics of each cluster allow researchers to better appreciate the
complexities of human behaviour activity of parents and
preschool children in relation to physical activity, sedentary
time and sleep, and the home environment. Our research
approach is supported by a review of the use of unsuper-
vised human activity recognition that showed that its use
and its utility is gaining traction in health care, especially
in the activities of daily living at home and in improving
the quality of life of people’s lives.'?

Distinctive cluster diversity

The present results revealed the diversity of clusters that
characterised the combined country-data of parent-reported
digital and non-digital media time-use and habits of pre-
school children. For instance, the Early-screen media,
screen media-lite and moderate-to-vigorous physical

activity-lite family (i.e. Cluster 2, highest number, n=
1288) and the High-all-round activity and screen media-
late family (i.e. Cluster 1, lowest number, n =261), respect-
ively, represented 24.3% and 4.9% of the full dataset.
Relatively moderate numbers of parents were grouped,
respectively in the High-screen media-for-entertainment
and low-engagement family (Cluster 3, moderate number,
n=969) and Screen media-physical activity-engagement
hands-off family (Cluster 6, moderate number, n=916).
The remaining clusters were those with low number of
parents and these were the Low all-round activity and
high nap-time family (Cluster 4, low number, n=829),
the High-screen media, high-physical activity and high
engagement family’ (Cluster 5, low number, n=822) and
the Screen media-lite, screen media-late and high-physical
activity family (Cluster 7, low number, n =725). The diver-
sity of cluster profiles across the four countries suggested
that screen time, physical activity and sleep behaviours
among preschool children, and parenting behaviours (e.g.
whether parents engaged with their children when the
latter are using screen media) are wicked problems with
no distinctive ‘right’ or ‘wrong’ answers but rather degree
of ‘health-enabling’ or ‘health-distressing’ responses in
human behaviour.>? For instance, our results showed that
profiles with high levels of physical activity were not neces-
sarily associated with lower screen time and vice versa, and
this suggested the need to work on all potential moderators
of sedentary and physical activity behaviours in order to
increase compliance to the WHO Movement Guidelines.’
Wicked problems are therefore resistant to simplistic solu-
tions and require further research, resolve, resources, and
time to address. Simply explained, wicked problems arise
where there is a lack of consensus on problem definition,
combined with a lack of consensus on solutions.*® It is
instructive that Termeer and his colleagues opined that
wicked problems have no solutions in terms of definitive
and objective answers.>*

Unique observations across the clusters

From Table 1, seven noteworthy cluster observations are
made — (i) Cluster 1 (High-all-round activity and screen
media-late family), revealed that it is possible for high-
screen media use (hence contributing to sedentary behav-
iour) to co-exist with high levels of physical activity in pre-
school children over a 24-hour period. Such a paradoxical
habits were documented in other studies, albeit in older
children and adolescents.* The cited authors reported that
there was a more pronounced decline for girls for meeting
either physical activity or sedentary behaviour guidelines
with age and that interventions to ameliorate such trends
should start early in age, (ii) Children playing video
games were predominantly found in Clusters 2 and 3,
which are seemingly well represented in Finland®® and
Japan  (https:/www.nippon.com/en/in-depth/a04103/).%’
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This plausibly could be explained by the strong gaming cul-
tures in these two countries but more research in this area is
recommended to verify this explanation is tenable, (iii) Not
surprising is the finding that high parental digital media use
also translated to high child digital media use and time spent
together engaged in screen media activities (i.e. Clusters 1
and 5), (iv) It appears that a child’s first exposure to
screen media did not make much of an impact (i.e. as this
parent-report data is present in all the clusters), (v) Child
digital media use is not homogenous — it is used extensively
for entertainment (i.e. Cluster 3) and for education (i.e.
Cluster 1), with the magnitude of use in favour of Cluster
3, where the use of screen media for entertainment was
371% that for educational purposes. This observation of
greater screen engagement for entertainment than for educa-
tion among young children is supported by research
reported elsewhere®® and in our recent research that was
based on a different set of data collected in 2018,'> and
(vi) Children’s sleep did not seem to be a strong discrimin-
ant factor between the clusters (i.e. average from all clusters
were very close to the global average). Apart from Cluster 2
(which is the major profile for Finland), where children’s
average daily sleep was above 10 hours, average sleep of
less than 10 hours (i.e. below the WHO guideline of 10—
13 hours) was spread out among the other clusters. Even
then, Finland contributed 69.2% of the sleep data in
Cluster 2, which meant that there were strong within-
country differences in children’s sleep, with 30.8% of
parents from Finland reporting daily sleep of less than 10
hours for preschool children, plausibly among the older pre-
school children, an average that is lower than the recom-
mended 10 to 13 hours of good quality night-time sleep
for children aged between 2 and 5 years. Children form
Singapore, South Korea and Japan predominantly had less
sleep than children from Finland. These findings have res-
onance with comparative sleep-based research on preschool
children among several Asian and European countries. For
example, in a combined 2590 sample of preschool children
from pre-dominantly Asian and predominantly Caucasian
countries, the preschool children in former group of coun-
tries had significantly later bedtimes, shorter night-time
sleep, and increased parental perception of sleep problems
compared to preschool children from the latter group of
countries.*

Clusters represented within each of the countries

From Figure 1, the clusters that best described parent
responses to the SMALLQ® offer interesting insights.
For instance, Finland is mostly represented by Cluster 2,
labelled in this study as the Early-screen media, screen
media-lite and moderate-to-vigorous physical activity-lite
family and making up 98.2% of the 4-country pooled
dataset. Japan is mostly represented by Cluster 3 or the
High-screen media-for-entertainment and low-engagement

family, with parents in this cluster making up 73.9% of the
pooled dataset. In the Finland example, it is conceivable
that as preschool children were introduced to screen
media earlier than the pooled average, they also had less
than the pooled average of moderate-to-vigorous physical
activity since as the former daily habit gets more entrenched
(see Table 1). To the authors’ knowledge, there are appar-
ently no published researches on preschool children’s
time use using clustering techniques in the literature, and
this precludes direct comparisons across studies.
Nonetheless, our findings compare indirectly against the
findings on 736 Finnish preschool children where increased
screen time was associated with later bedtimes and shorter
sleep duration.”” In another Finnish study from 2011 to
2017 involving 699 children of age 5 years, the authors
reported that high-dose electronic screen media use has
multiple risks for children’s longer-term socio-emotional
development and well-being.*' Comparative findings for
Japan (High-screen media-for-entertainment and low-
engagement family) include findings on 421 preschool chil-
dren reported by Kim and his colleagues.*> They showed
that children who failed to meet all the 24-hour
Movement Guidelines have a higher probability of over-
weight or obesity than those who met all the guidelines.
In a Japanese study on age-matched preschool children
with and without autism spectrum disorder (ASD), higher
levels of physical activity in the morning and in the after-
noon enabled better sleep for children with ASD.*?

Parents in South Korea were best represented by
Clusters 6 and 7, that is a combination of Screen media-
physical activity-engagement hands-off family and Screen
media-lite, screen media-late and high-physical activity
family. Research showed that in 400 children aged 2 to 5
years followed up over 2 years, ownership and access to
tablets increased significantly, from 48% to 65% over a
2-year period with that of mobile phones remaining high
at 91-98%. The study also revealed that children spent
more time on screen viewing for TV, and tablets on the
weekend than on the weekday, with mobile phone use
remaining the same at 0.4 hours per day.** Another South
Korean study on 1775 children aged O to 5 years showed
that compared to children who participated in physical
activity for less than 1 hour per week, those who partici-
pated in physical activity for 1 hour to less than 3 hours
per week were more likely to show high emotional skills.
The same results were obtained for reading but not for
TV-viewing.*

Among the four countries, Singapore was represented by
four distinct clusters, namely Clusters 4 and 5 (Low all-
round activity and high nap-time family and High-screen
media, high-physical activity and high-engagement
family), followed by Clusters 6 and 7 (Screen media-
physical activity-engagement hands-off family and Screen
media-lite, media-late and high-physical activity family).
The former clusters represented 89.0% and 87.1%,
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respectively of the pooled dataset, whereas the latter clus-
ters represented 32.6% and 32.1%, respectively of the
pooled dataset.

Relative to the other three countries, Singapore had the
greatest diversity in terms of culture and ethnicity
(Chinese, Malay, Indian and mixed) whereas the other
three countries had a more homogenous population and
culture (Japanese, Finnish or Korean), and this might plaus-
ibly explain the greater number of clusters for the Singapore
cohort that characterized the parent responses to the
SMALLQ®. Indeed, in the present Singapore dataset (not
shown in the results), there were significant differences
among the ethnic groups in terms of daily indoor and
outdoor play) and screen media use, especially for educa-
tion and for entertainment. It appeared that culture and soci-
etal influences affected parental attitudes and beliefs about
children’s physical activity and screen media engagement,
which might impede or promote children’s consumption
of physical activity or screen time.*°

Cluster visualizations

In simplifying and capturing the essence of the unique char-
acteristics of each cluster, the authors visualized that Cluster
1 represented learning-oriented families where parents
strongly supported children’s development. Cluster 2
appears to include families who believed in the “power of
playing” as screen media was used mostly for ‘playing’
(i.e. entertainment) and children’s physical play was
unaccompanied by parents and was of light intensity.
Cluster 3 encompassed families where children’s screen
media use was largely unaccompanied by caregivers.
Cluster 4 comprised families with younger children whose
lifestyle habits were still ‘under construction’. The buzzword
for Cluster 5 is family centeredness where activities were
done together as a family. Cluster 6 is interesting because
it seemed that the focus and interest were different from
others (low engagement in both screen media and physical
activity). Perhaps, they were represented by families with dif-
ferent sets of values. And finally, Cluster 7 comprised of
families with physical activity-infused lifestyles (i.e. where
children got support and learning was geared towards phys-
ical activities). As the above are visualizations of the clusters,
the authors encourage further research to better explain the
varied familial contexts for positive child development.

Strengths and limitations

The data were collected using a content-validated and reliable
SMALLQ® that were translated to specific languages for use
in each country. The research has several strengths in that it
involved a large dataset of parent-reported daily screen
media and non-screen media habits of preschool children
across the four high-income and high-human-development
index-countries, where the data were treated with an

unsupervised clustering technique. The identified clusters
revealed a plethora of daily parent and child behaviour char-
acteristics on that were distinctively unique from each other.
These within and across country screen media and non-screen
media characteristics of parents and preschool children
provide useful insights that can inform future research or
more targeted and nuanced parent education interventions.
Like all research, there were several limitations — the
SMALLQ® is a parent self-report and recall questionnaire,
therefore the tool may be prone to self-report bias, social
desirability bias and recall bias.*’ However, mitigation strat-
egies such as keeping the online questionnaire anonymous,
appropriate questionnaire development, and keeping behav-
iour recall to the last seven days, helped to minimise the lim-
itations. Additionally, as the pooled data consisted of a high
proportion of at least college-level educated parents (data
not shown) and using such an online questionnaire to
collect data was considered as an effective means of collect-
ing self-reported information in health-rated research.”® As
the research was conducted between 15 March and 1
December, some of the differences in daily screen media
and non-screen media habits of parents and children across
the countries may be attributed to the seasonality of climate
across countries. The study does not address seasonal differ-
ences in preschool children’s screen media and non-screen
media habits. In Finland, data were collected during the tran-
sition between autumn and winter; in Japan and South Korea,
data were collected during autumn; and in Singapore, the data
were collected March and September where the weather is
tropical. The cross-sectional nature of the research also
meant that the results are descriptive and expansive
without any cause-or-effect attributions, and finally,
since the four countries polled are high-income and high-
human development-index countries and the convenience
samples are drawn from parents living in urban cities, gen-
eralisations cannot be made outside of these contexts.

Conclusions

The clustering approach used to analyse the pooled datasets
of time-use of screen and non-screen media behaviours of
parents and children living in urban cities and other popu-
lated municipalities across Singapore, South Korea,
Japan, and Finland produced novel and useful insights
that these human activities of daily living can be grouped
into seven distinctive clusters. Three key observations
were instructive: (i) There were complex connections
among the daily behaviours of physical activity, sedentary
screen time and sleep among preschool children, parental
and home factors, and there appeared to be no ‘perfect
cluster’ of lifestyle behaviours, (ii) it appeared that differ-
ences within a country in terms of number of clusters iden-
tified (e.g. Singapore) were more apparent than the
differences between countries (e.g. Singapore versus
Finland), and (iii) taken together, the results of clustering
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suggested that it might be more useful for interventions to
improve and safeguard the wellbeing and health of children
that are targeted according to the characteristics of the pre-
dominant clusters within each country.
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