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A B S T R A C T

Promoting digital health literacy and healthy lifestyle behaviours in children can lead to positive long-term
health outcomes and prevent chronic diseases. However, there are few school-based interventions promoting this
education to intermediate elementary students. The objective of this study was to test the effectiveness of a novel
intervention to increase students’ digital health literacy and health knowledge. Learning for Life is a classroom-
based education program, developed for grade 4–7 students and delivered by teachers over six weeks. Three
Canadian schools were recruited to deliver the intervention in 2018. This study had a pre-post design and no
control group. Students’ self-reported digital health literacy and healthy lifestyle behaviours were measured at
pre-intervention (n = 126), post-intervention (n = 119), and two-month follow-up (n = 104). Students at pre-
intervention had a mean (SD) age of 10.98 (0.56) years (57.1% females). Almost all (97%) students had un-
supervised access to the Internet through a computer or smartphone. From pre- to post-intervention, students’
digital health literacy increased (p = 0.009), but decreased from post-intervention to follow-up (p < 0.001).
Post-intervention, the majority of students could identify at least one healthy behaviour (e.g., exercising one
hour/day) and reported making at least one healthy change in their lives (e.g., eating more fruits/vegetables).
This study demonstrated that the Learning for Life intervention can improve intermediate elementary students’
digital health literacy over the short-term and help them learn and retain healthy lifestyle knowledge and be-
haviours. These findings affirm the need for interventions promoting digital healthy literacy and healthy lifestyle
behaviours for this age group.

1. Introduction

Health literacy is increasingly recognized as an important aspect of
childhood; children who have high health literacy are better positioned
to make positive choices for their health (Diamond et al., 2011). The
significance of studying children’s health literacy has been widely ap-
preciated in recent literature (DeWalt and Hink, 2009), as the incidence
of chronic diseases and health conditions, such as type 2 diabetes and
obesity, is rising in children worldwide (World Health Organization,
2015). In Canada, while the prevalence of overweight and obese
2–17 year old children has fallen slightly from 26% to 24% since 2004

(Statistics Canada, 2017), current trends indicate declining fitness le-
vels (e.g., poorer cardiorespiratory fitness) (Colley et al., 2019).
Childhood is a crucial period to shape health-related behaviours and
focus on preventing the onset of chronic diseases (Yavuz et al., 2015),
thereby potentially increasing children’s present and future health-re-
lated quality of life (World Health Organization, 2016), relieving
healthcare systems of additional costs (Doucet and Beatty, 2010), and
reducing health disparities (Paasche-Orlow and Wolf, 2010). Healthy
lifestyle behaviours are important for not only long-term health, but
also for academic success, which is a strong predictor of “future wealth,
productivity and health” (Faught et al., 2017).
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Digital health literacy (DHL) in children is emerging as a significant
area of study and opportunity for interventions. DHL is a complex
construct that depends on literacy in several other areas (i.e., tradi-
tional literacy and numeracy, as well as health, computer, information,
media, and science literacies) and is a skillset concerning an in-
dividual’s ability to access, understand, and apply health information
supplied via digital technologies (Norman and Skinner, 2006a). A
person’s level of DHL is influenced by various factors (e.g., parental
education, socioeconomic status) (Paakkari et al., 2018) and it is im-
portant that digital health interventions consider barriers related to
culture, language, and accessibility (Zibrik et al., 2015). Emerging
findings indicate that high DHL is associated with positive health be-
haviours and self-care across different populations (Fagnano et al.,
2012; Mitsutake et al., 2016; Park et al., 2014).

With the widespread use and availability of various digital tech-
nologies (i.e., smartphones, computers) and platforms through which
individuals can readily search for health information, it is clear that
adequate DHL is important for enacting positive, evidence-based health
behaviours and making well-informed decisions. Among school-age
children, recent research indicates that technology use is high and
many children regularly exceed daily limits of recreational screen-based
activity recommended by national guidelines (Tremblay et al., 2011a).
Furthermore, school-aged children typically have some degree of au-
tonomy concerning their health-related behaviours (e.g., nutrition
choices, sleep hygiene) (Coyne and Harder, 2011; Gruber et al., 2014).
Thus, given the combined factors that children are regularly using di-
gital technologies and have emerging autonomy, a child with high DHL
may be better equipped to critically analyze poor versus high quality
health information and balance their sedentary-based technology use
with healthy behaviours.

DHL has typically been studied in older children and adolescents
(i.e., 13–18 years old) (Fleary et al., 2018). However, as children access
digital technologies at younger ages and without supervision (Smith
et al., 2019), it is imperative to characterize the level of DHL in these
younger populations and judge if interventions are warranted. Recent
evidence of child health outcomes demonstrate a need for interventions
that increase DHL and promote healthy behaviours. Strong evidence
shows that high sedentary-based screen-time (i.e., > two hours/day of
watching TV) is unfavourably associated with several important health
indicators in children (e.g., body composition, academic achievement,
cognition) (Carson et al., 2016; Tremblay et al., 2011b). Further, a very
small proportion of Canadian children (9% of boys, 4% of girls) are
engaging in at least 60 minutes of moderate-to-vigorous physical ac-
tivity and they typically average 8–9 hours of sedentary time per day
(Colley et al., 2011).

Developing appropriate sleep hygiene behaviours is now recognized
as a crucial element for maintaining children’s health (Gruber et al.,
2014), especially given the common presence of screens (i.e., TVs,
computers, smartphones) in children’s bedrooms and high screen-time
(Chahal et al., 2013). Reduced or poor quality sleep can hinder chil-
dren’s development and daily cognitive abilities (Van Cauter and
Knutson, 2008) and is associated with poor school achievement
(Buckhalt et al., 2009), plus other downstream consequences (Gruber
et al., 2014). Additionally, mounting evidence suggests that children’s
social and emotional wellbeing are associated with disease risk in
adulthood (Campbell et al., 2016). Thus, there is an urgent need for
interventions targeting these modifiable cardio-metabolic risk factors
and promoting DHL and healthy behaviours in children.

1.1. The Learning for Life program

School-based curriculum teaching DHL can be a powerful tool for
providing children with a foundation for learning and implementing
healthy lifestyles (Paakkari et al., 2018). Children typically spend
8–9 hours per day in school for half of a calendar year, thus, schools are
responsible for a large proportion of contact time, but children receive

varying degrees of health education (Centers for Disease Control and
Prevention, 2011; Hills et al., 2015). Some guidelines exist for pro-
moting physical activity, good nutrition, and other healthy behaviours
in schools (Centers for Disease Control and Prevention, 2011; Ministry
of Education, 2018), however, there is a lack of school-based curricula
addressing even basic aspects of health literacy (Winkelman et al.,
2016), and particularly so in intermediate grades, as we have found in
British Columbia (BC). Given these circumstances, it is unsurprising
that low health literacy is common in adolescents and adults and is
associated with many poor health outcomes across the lifespan
(Berkman et al., 2011). Thus, there is the opportunity and need to de-
velop novel interventions integrated with a school’s curriculum for
younger children that target DHL and promote healthy lifestyle beha-
viours.

The University of British Columbia’s Digital Emergency Medicine
team developed and tested Learning for Life (L4L) as a school-based
intervention for increasing DHL and healthy lifestyle behaviours in
children aged 9–14 years (grades 4–7). L4L aims to develop different
aspects of DHL and promote five important healthy lifestyle behaviours
among students: physical activity, nutrition, sleep hygiene, stress
management, and social connectedness. Teachers are provided with an
educator ‘toolkit’, student workbook, and online, interactive graphic
novels for students (see Supplementary Material; resources available at:
https://digem.med.ubc.ca/projects/ubclearningforlife/). Teachers can
flexibly deliver the program content, integrating it into their standard
classroom curriculum, using a variety of delivery methods to meet the
needs of their student learners and fit their teaching style.

The L4L intervention was comprehensively developed using itera-
tive cycles of piloting and modification from 2014 to 2018. This in-
volved extensive input from and collaboration with current and former
teachers school administrators, child education and health experts, and
health- and youth-focused organizations. The materials were piloted in
several schools to further refine the content, resources, and integration
into classroom planning, as well as ensuring that the materials were
appropriate for the target ages. The piloting indicated that it was fea-
sible to implement the intervention in the school setting, with teachers
delivering the content to students in grades 4–7.

1.2. Aims

The first objective of this study was to characterize students’ present
and past digital technology usage to better understand when DHL
education should be introduced in the school system. The second aim
was to test the effectiveness of the L4L intervention in increasing stu-
dents’ DHL and improving modifiable risk factors (i.e., physical activity,
sedentary behaviour, and social connectedness) for chronic diseases. In
addition, we were interested in measuring students’ health knowledge
and behaviour changes they implemented at the end of the interven-
tion.

2. Methods

2.1. Study design

This study employed a pre-post design and was conducted from
January to June 2018. The intervention was delivered over six weeks
by teachers, with measures administered at pre-, post-intervention, and
two-month follow-up.

The University of British Columbia’s Behavioural Research Ethics
Board gave ethical approval for the conduct of the study (H17-01195).
Participating schools gave approval for the delivery of the L4L program
and conduct of research activities.

2.2. Setting and participants

We recruited three schools in BC according to schools’ interest (i.e.,
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responses from school administrators to our initial invitation), readi-
ness (i.e., to implement the study procedures according to our proposed
timeline), and capacity for engagement (i.e., teachers had the time and
resources to deliver the program and facilitate data collection).
Additionally, we chose schools to reflect a broad demographic re-
presentation of the province: one inner-city school with a high im-
migrant population, one in rural BC with a higher-than-average popu-
lation of Indigenous peoples, and one in a regional center with students
predominantly from a European background. In each school, the prin-
cipal identified eligible grade 4–7 classes. The research team then met
with teachers to provide a 1.5-hour professional development orienta-
tion pertaining to the intervention’s purpose and learning objectives
(see example of recorded orientation at: https://digem.med.ubc.ca/
projects/ubclearningforlife/). The team also shared details of the study
procedures and answered questions about the intervention.

2.3. Measures

This section briefly outlines the measures administered in the study.
The Appendix provides further details. We collected the following data
from student participants:

2.3.1. Demographics
Self-reported age and ethnicity. Teachers provided class lists with

students’ birth-assigned gender and grade.

2.3.2. Technology usage
Self-reported past and current Internet usage and which devices

they used to access the Internet.

2.3.3. Digital health literacy (DHL)
Measured using the eHealth Literacy Scale (eHEALS) (Norman and

Skinner, 2006b). The scale asked participants to indicate their level of
agreement with eight statements about online health information (total
score range = 8–40; higher scores indicate greater DHL; sample ques-
tion: “I know there is health information available online”).

2.3.4. Physical activity
Five questions asked participants to indicate the amount of time

spent doing physical activity in a typical week (Colley et al., 2011).
Participants could select one of 4 or 5 options (e.g., never, <1 hour/
week, 2 to 3 hours/week, etc.). We summarized and compared the re-
sponses by item.

2.3.5. Sedentary behavior
Participants were asked to report the amount of time spent doing

each of the following activities for the past week: watching TV, playing
videogames or watching DVDs/videos, and using the computer.
Responses were averaged to derive a mean score (hours/day) for each
screen-based activity and combined to form a total screen-time score.

2.3.6. Health knowledge and behaviour change (HKBC)
A 10-item questionnaire asked participants about their experience

with the L4L intervention, as well as changes in their health behaviours
and knowledge. Students were asked to indicate their level of agree-
ment to five Likert-type statements about the L4L intervention and DHL
(range = 1–5; higher scores indicate greater agreement). One Likert-
type item asked if students had made any changes to stay healthy be-
cause of what they learned during the intervention. Four items were
open-ended questions where students could provide free-text responses.

2.3.7. Social connectedness
This comprised a 15-item scale where students indicated their level

of agreement with adult- or peer-oriented social connectedness state-
ments. Scores for the peer and adult domains were calculated, as well as
a total scale score of the mean of the 15 items, yielding a possible range

of 1–5 and higher scores indicating greater social connectedness.

2.4. Procedures

To launch the L4L intervention, the Principal Investigator (KH) and
research team joined each class during their school day as special guests
to introduce L4L, the concept of DHL, and the research component.
Following the launch, students completed pre-intervention measures
(Appendix Table S1). At the intervention’s conclusion, a wrap-up
workshop was held in each class by research staff, where students
completed post-intervention measures. Approximately two months
post-intervention, students completed follow-up measures during
school-time.

2.5. Data analysis

Continuous and categorical variables were descriptively summar-
ized using means (standard deviations (SD)) and counts (percentages),
respectively. The degree of normality of continuous variables’ dis-
tributions was checked by computing their level of skewness and kur-
tosis and inspecting their QQ-plots. Variables with non-normal dis-
tributions were summarized using their medians (interquartile ranges).

Changes in outcomes with normal distributions were tested with
paired t-tests; changes in outcomes with non-normal distributions or
ordinal data were tested with Wilcoxon signed-rank tests. A two-tailed
alpha-level of 0.05 was considered statistically significant for all tests.

2.6. Modifications to the study

One school had student participants who were generally younger,
with lower English fluency and more learning and social needs than
students in the other two schools. We chose not to administer the two-
month follow-up measures to students from this school to ensure the
study was not excessively burdensome for the students. We ultimately
excluded this school from the current analyses and these data are not
reported here (Fig. 1). Additionally, at the conclusion of the L4L in-
tervention, the research team was informed that one class of students
had not received any of the program’s content, as the teacher was ab-
sent for the majority of the intervention. Data from this class were
excluded from all analyses. See the Appendix for more details.

3. Results

Fig. 1 shows the flow of student participants through the study.
From eight included classes, there were 261 eligible students, of which
126 (48.3%) consented and provided pre-intervention data. Table 1
presents the pre-intervention characteristics of students.

3.1. Technology usage

Students self-reported first using the Internet and a smartphone/
computer without adult supervision at approximately seven years old
(Table 2). Ninety-three (78.8%) students had access to a personal
computer and/or smartphone to access the Internet and almost all (115
(97.5%)) had access to a personal or shared device to access the In-
ternet.

3.2. Digital health literacy, physical activity, sedentary behaviour, and
social connectedness

Table 3 presents a descriptive summary of the outcomes by time
point. Students generally reported having high DHL at each time point;
we found that students’ eHEALS score increased pre- to post-interven-
tion (p = 0.009) and decreased post-intervention to follow-up
(p < 0.001). The majority of students indicated being physically active
at least four days per week (Table S2). However, they also engaged in
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screen-related sedentary behaviour for approximately three hours per
day, with 75 (63.6%), 70 (65.4%), and 66 (67.4%) students exceeding
two hours of daily screen-time at pre-, post-intervention, and follow-up,
respectively. Participants reported, on average, high levels of social
connectedness with their peers and moderate levels with adults. Stu-
dents’ time spent playing videogames or watching DVDs increased from
pre-intervention to follow-up (p = 0.021). We observed no other
changes over time.

3.3. Health knowledge and behaviour change (HKBC)

Based on the five HKBC statements, students positively rated the
L4L intervention and what they learned, both at post-intervention
(M = 3.84, SD = 0.81) and two-month follow-up (M = 3.70,

SD = 0.97). When asked if they were making any changes to stay
healthy, 69 (61.6%) and 73 (70.8%) of the students at post-intervention
and two-month follow-up, respectively, indicated that they were
making changes.

For the four open-ended questions asking students to identify
healthy behaviours and any changes they had made or wanted to make
to be healthier, we found that the majority could identify at least one
healthy behaviour or change at both post-intervention and two-month
follow-up (Table S3). The number of healthy behaviours/changes
identified did not differ over time, except for question three (What are
the biggest changes you have already made in your daily life to become
healthier?), with students indicating significantly more healthy changes
at two-month follow-up (p = 0.015).

For the three questions pertaining to students’ health knowledge

Fig. 1. Flow chart showing the progression of schools and students through the study. DHL = digital health literacy; L4L = Learning for Life.
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and already undertaken and planned health-related behaviour changes,
the most common responses were related to: i) eating healthier (e.g.,
more fruits/vegetables, fewer sugary drinks); ii) exercising more (e.g.,
playing outside more); iii) limiting technology use (e.g., not using
screens before bedtime); iv) better sleep hygiene (e.g., sleeping the
recommended amount of 9–11 hours per night); and, v) the ‘5-2-1-0’
guidelines taught in the intervention (i.e., a mnemonic for eating ≥ 5
fruits/vegetables, ≤2 hours of screen-time, ≥1 hour of physical ac-
tivity, and zero sugary drinks per day) (SCOPE, 2019) (Fig. 2). For
question two (From what you have learned in class, how can you use
technology to help you stay healthy?), students’ responses were primarily
related to: i) using a pedometer, smartphone app, etc. for tracking steps

or other activity; ii) using apps or websites for finding health in-
formation (e.g., exercises, recipes); and, iii) how to identify reliable
websites for finding good quality health information.

4. Discussion

We have developed and tested a school-based intervention to pro-
mote digital health literacy (DHL) and several key healthy lifestyle
behaviours in a sample of students in intermediate elementary grades,
with the goal of reducing their modifiable risk factors for chronic dis-
eases. The Learning for Life (L4L) intervention was designed to in-
tegrate into existing school programming and be delivered flexibly by
teachers. This was a pragmatic study set in the real-world where various
barriers were encountered, yet, we found that the L4L intervention
could be feasibly delivered by teachers without extensive preparation/
training and to a generalizable sample of students to build DHL skills
and positively influence healthy behaviours.

During the development of the L4L intervention, input from child
education and health stakeholders indicated that a program promoting
DHL and healthy behaviours would be appropriate for grade 4–7 stu-
dents and address current gaps in programming. Our findings con-
cerning students’ technology usage robustly support this, namely, the
majority of students indicated currently having a personal device to
access the Internet, and typically accessed the Internet autonomously.
This result reinforces the primary motivation for creating L4L: young
children already have the opportunity to actively search online for
health information, and therefore need to develop skills to distinguish
between good versus poor quality online health information.

We found that student self-reported DHL significantly increased
from pre- to post-intervention, though this effect was not maintained at
follow-up, suggesting that L4L had a positive short-term impact on
students’ DHL. Relatedly, the majority of students were able to identify
ways that technology can help with their health and how to distinguish
good from poor quality health information online, corroborating their
self-assessed DHL skills. Limited but growing evidence indicates that
having high DHL is associated with various positive health outcomes
across the lifespan (Fagnano et al., 2012; Mitsutake et al., 2016; Park
et al., 2014). Coupled with our finding that children are first using
smartphones/computers by approximately seven years old, these ele-
ments strongly indicate that students could receive DHL education
regularly in school to develop and maintain these skills for future health
and wellbeing.

At the two-month follow-up, students reported making more
healthy changes in their daily lives compared to post-intervention.
Students potentially may need some time before they can translate their
learning into healthy behaviours, again reinforcing the implication that
teaching DHL throughout the year in a school setting may result in
more long-term positive outcomes in students’ health behaviours. We
measured several modifiable risk factors for chronic disease and found
that the L4L intervention did not have an immediate positive effect on
students’ physical activity levels, screen-based sedentary behaviour, or
social connectedness levels.

Students indicated that they regularly used technology, with over
60% of the sample engaging in screen-based sedentary activities for
more than the recommended amount of two hours/day (Tremblay
et al., 2011a). Unsurprisingly, we found a wide range of time spent
using screens, with some students engaging in very little use, while
some reported excessive use (e.g., > 6 hours/day). These findings echo
previous literature concerning high technology use in children (Colley
et al., 2011; Tremblay et al., 2011a) and reaffirm the need for inter-
ventions to address these sedentary-based behaviours that may be dis-
placing opportunities for being physically active (Carson et al., 2016;
Tremblay et al., 2011b). Interestingly, computer use remained low over
time, TV watching was consistently one hour/day, but time playing
videogames doubled from pre-intervention to follow-up. While there
may be various reasons for these trends, it is worth considering that

Table 1
Pre-intervention demographic characteristics of the student participants.

Total sample
(n = 126)

School 1
(n = 83)

School 2
(n = 43)

Age, years 10.98 (0.56) 11.13 (0.41) 10.67 (0.68)
Gender, female 72 (57.1%) 44 (53.0%) 28 (65.1%)
Grade
5 21 (16.7%) 0 21 (48.8%)
6 105 (83.3%) 83 (100.0%) 22 (51.2%)

Ethnicity1

Aboriginal/Indigenous 14 (11.2%) 12 (14.5%) 2 (4.8%)
African 3 (2.4%) 2 (2.4%) 1 (2.4%)
European 64 (51.2%) 41 (49.4%) 23 (54.8%)
East Asian 6 (4.8%) 3 (3.6%) 3 (7.1%)
South Asian 5 (4.0%) 3 (3.6%) 2 (4.8%)
Southeast Asian 2 (1.6%) 1 (1.2%) 1 (2.4%)
West Asian 1 (0.8%) 1 (1.2%) 0
Latin/South/Central
American

4 (3.2%) 2 (2.4%) 2 (4.8%)

Australian/Pacific
Islander

6 (4.8%) 3 (3.6%) 3 (7.1%)

Other 4 (3.2%) 1 (1.2%) 3 (7.1%)
Unsure 39 (31.2%) 31 (37.4%) 8 (19.1%)
Missing 1 0 1

Cell values are mean (SD) or counts (percentages), as appropriate. Percentages
were calculated after removing missing values from the denominator.

1 Ethnicity counts for each column may not sum to the column’s respective
sample size, as students were able to select more than one ethnicity.

Table 2
Summary of technology usage.

Total sample
(n = 126)

School 1
(n = 83)

School 2
(n = 43)

Age first using Internet
without supervision, years

6.75 (1.72) 6.76 (1.84) 6.74 (1.42)

Never 5 (4.2%) 2 (2.5%) 3 (8.1%)
Missing 8 2 6

Age first using a smartphone/
computer alone, years

7.05 (1.73) 6.91 (1.84) 7.34 (1.46)

Missing 8 3 5
Accessing the Internet outside

of school1

Personal smartphone 67 (56.8%) 50 (64.1%) 17 (42.5%)
Personal portable computer
(e.g., laptop, tablet)

55 (46.6%) 40 (51.3%) 15 (37.2%)

Shared desktop computer 47 (39.8%) 35 (44.9%) 12 (30.0%)
Internet usage at home

without supervision
Never 4 (3.3%) 4 (5.1%) 0
Sometimes 27 (22.5%) 13 (16.5%) 14 (34.1%)
Usually 48 (40.0%) 32 (40.5%) 16 (39.0%)
Always 41 (34.2%) 30 (38.0%) 11 (26.8%)
Missing 6 4 2

Cell values are mean (SD) or counts (percentages), as appropriate. Percentages
were calculated after removing missing values from the denominator.

1 Each percentage reflects the proportion of students selecting that option
out of the total number that completed the questionnaire.
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Table 3
Summary of outcomes by time point.

Pre-intervention Post-intervention Two-month follow-up

DHL (eHEALS; total score)1,2 32.00 (27.00–35.00), n = 120 33.00 (30.00–37.00), n = 113 31.00 (27.00–35.00), n = 89
Sedentary behaviour (screen-time; hours/day)1

Total 2.82 (1.47–4.34), n = 118 2.93 (1.61–4.88), n = 107 2.95 (1.62–5.04), n = 98
Using a computer 0.23 (0.00–1.29), n = 104 0.26 (0.00–1.14), n = 99 0.00 (0.00–1.00), n = 90
Playing videogames or watching DVDs 1.00 (0.32–2.29), n = 107 1.39 (0.42–2.61), n = 100 2.00 (0.52–2.68), n = 90
Watching TV 1.00 (0.50–1.66), n = 116 1.00 (0.43–1.57), n = 105 1.00 (0.50–1.71), n = 94

Social connectedness (total score)1,3

Combined domains 3.86 (3.47–4.13), n = 126 3.93 (3.50–4.31), n = 119 4.00 (3.53–4.27), n = 104
Peer domain 4.50 (4.00–4.83), n = 125 4.67 (4.17–5.00), n = 118 4.67 (4.17–5.00), n = 104
Adult domain 3.44 (3.00–3.78), n = 126 3.56 (3.00–4.00), n = 116 3.56 (3.19–3.89), n = 104

1 Median (IQR) reported as these variables are non-normally distributed.
2 Possible score range of 8–40, with higher scores indicating better DHL.
3 Possible score range of 1–5, with higher scores indicating more connectedness.

Fig. 2. Number of student responses by type, HKBC question, and time point. ‘5210′ = 5210 guidelines taught in L4L; ‘Eating Healthy’ = e.g., eating more
fruits/vegetables, balanced meals; ‘Exercising’ = e.g., going for a walk/run, active for at least one hour/day; ‘Screen Time’ = e.g., no screens before bedtime;
‘Sleeping’ = e.g., sleeping 9–11 h/night.
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videogame playing may be a key area to address in future L4L im-
plementation (Taverno Ross et al., 2013). It is also important to con-
sider the potential benefits of screen-time for children (e.g., increasing
cognitive skills, time with peers/family), echoed in the updated posi-
tion statement of the Canadian Pediatric Society (Ponti and Digital
Health Task Force, 2019), which no longer emphasizes less than two
hours/day of screen-time for children 5–17 years old, but rather re-
commends developing appropriate screen-use behaviours through
“healthy management, meaningful screen use, positive modelling, and
balanced, informed monitoring.”

Importantly, many of the students following the L4L intervention
were able to identify healthy guidelines around screen use (e.g., lim-
iting time to≤2 hours/day) (Tremblay et al., 2011a) and indicated that
they made or wanted to make such changes in their own lives. Related
to this, students were also able to identify ways that technology could
help them be healthier, such as using activity tracking devices/apps,
searching for healthy recipes or exercises online, and finding indicators
of good quality health information online. Thus, it seems that students
were able to distinguish between subtle learning concepts around
healthy versus unhealthy screen use (Straker et al., 2018). This is a
positive first step, given that recent research into 12–18 year old stu-
dents highlight important associations between technology use, sleep
hygiene, physical activity, nutrition, and mental health (Smith et al.,
2019), reiterating the need for appropriate health promotion inter-
ventions targeted at younger children who are developing these inter-
connected health behaviours (Borzekowski, 2009; Yavuz et al., 2015).

4.1. Strengths and limitations

The L4L intervention was delivered pragmatically in the real-world
setting of the classroom, with purposively sampled schools to represent
BC’s diverse population. Thus, we can be confident that the intervention
can be readily implemented by other schools and teachers.
Unfortunately, we were not able to fully test the intervention in the
target population, as grade 7 classes were not recruited and we were
unable to include the data from grade 4 students in the present ana-
lyses, thus limiting external validity.

Limitations of the study were the lack of a control group for com-
parative purposes and use of self-report measures for students.
However, it is important to note that one of the primary goals of this
study was to identify the ideal ages/grades for delivering the L4L in-
tervention. Importantly, our findings around students’ technology usage
and DHL suggest that the L4L intervention is appropriate for grade 5–6
students. Thus, future work could more comprehensively test the ef-
fectiveness of L4L in a randomized controlled trial, as well as stratify by
age/grade to pinpoint when it is optimal to deliver L4L. Additionally,
assessing teacher fidelity to the program delivery is an important future
consideration.

4.2. Implications

The L4L program has the potential to be a very cost-effective in-
tervention, not only in terms of long-term savings by preventing chronic
disease onset, but also in terms of delivery as it is taught by teachers
(with minimal L4L-specific training), who can flexibly use the material
over their preferred duration throughout the school year, and in-
tegrated with standard school programming.

An important aspect of the L4L intervention was the development of
age-appropriate lesson materials, particularly the online graphic novel,
which are interactive and illustrate learning concepts around stress
management, sleep hygiene and nutrition. There is a need for digital
health platforms to develop their content and messaging so that it is
appropriate for their audience. In particular, there is a need for these
platforms to adequately address the needs of at-risk, low literacy, or
underserved populations, who may be more likely to experience health
disparities and who may benefit from health interventions (Jacobs

et al., 2016).

5. Conclusions

There is a current and pressing need for high-quality, comprehen-
sive, and cost-effective interventions to address 9–14 year old children’s
DHL and promote healthy lifestyle behaviours. Such interventions have
the potential to increase children’s health-related skills and behaviours
in the short-term. The L4L intervention is one such possibility and we
have demonstrated its potential in increasing students’ DHL and posi-
tively influencing their health knowledge and behaviours. Future im-
plementations of the L4L intervention will need to consider a longer
duration of the intervention and repeating measurements after a longer
follow-up.
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