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Abstract
Background: Adolescent obesity continues to be a major public health problem within Canada;
therefore, effective solutions are required. E-health interventions can provide Canadian
adolescents (13-17 years old) with personalized support to help them modify their obesogenic
behaviours. However, predictors of app adoption and usage among adolescents have not been
extensively examined.

Objective: This study aimed to examine user and household characteristics associated with
adolescents’ adoption and usage of the Aim2Be© app; a health behaviour modification
intervention delivered through a smartphone app.

Methods: 371 adolescent-parent dyads completed baseline assessment and were provided with
access to the Aim2Be© app. Mean adolescent age was 14.9 years and 50.1% were male (n=186).
Mean adult age was 44.1 years and 34.7% were male (n=129). Multivariable logistic and linear
regressions, along with path analyses, were used to determine characteristics that were
significantly associated with app adoption and usage, respectively. Additionally, analyses were
stratified by parent’s sex. Univariable analyses were conducted in Stata (v.13.1), while path
analyses were conducted in Mplus (v.8). All models were adjusted for adolescent’s age and sex,
and a significance level of 5% was used.

Results: 79.2% of adolescents (n=294) adopted the Aim2Be© app. When examining user
characteristics, adolescent engagement in healthy behaviours was directly associated with
increased odds of app adoption (OR=1.08; 95%CI=1.01-1.14). Autonomous motivation was
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indirectly associated with app adoption (OR=1.02; 95%CI=1.00-1.04). When examining
parenting practices, mediated through user characteristics, autonomy supportive practices were
associated with increased app usage ( =0.21; 95%CI=0.07-0.36), while structure practices were
indirectly associated with increased odds of app adoption (OR=1.02; 95%CI=1.00-1.04). When
the analyses were stratified by parent’s sex, differences in the associations emerged.

Conclusions: Both user characteristics and parenting practices were significantly associated with
adolescents’ app adoption and/or usage. The findings of this study will help inform future ehealth interventions increase user engagement by identifying the characteristics of individuals
who are not accessing the intervention, as well as identifying factors of the household
environment that support long-term intervention use. This information will fill an important gap
within the literature, as high attrition rates are commonly reported among e-health interventions
and can consequently jeopardize program effectiveness.
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Lay Summary
With 1 in every 3 Canadian youth classified as overweight or obese, effective solutions
are greatly needed to tackle this childhood obesity epidemic. E-health interventions (i.e.,
interventions that are accessed through the internet) can provide Canadian teens with resources
and personalized support to help them live a healthy and active lifestyle. However, very few
studies have looked at the individual and household characteristics that influence teens’ adoption
and usage of a health promoting app.
Teen traits and parenting practices were associated with teen’s adoption and/or usage of
the Aim2Be© app. As well, these associations differed when mothers and fathers were examined
separately. These results helped to identify teens who were not accessing the intervention, as
well as identify key aspects of the household environment that support long-term use of the
Aim2Be© app. Intervention planners should take these results into consideration and make
appropriate modifications, in order to improve user engagement.
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Chapter 1: Introduction
The burden of adolescent obesity within Canada remains a major public health concern, as
over a third of Canadian adolescents are either overweight or obese (1). Consequently, this subpopulation is faced with a greater risk of suffering from various acute and chronic comorbidities
over the life-course (2-4), if their condition is left unmanaged.
Although the cause of adolescent obesity remains to be determined, obesogenic behaviours
(e.g., physical activity, dietary behaviours, and sedentary behaviours) have been associated with
childhood and adolescent obesity (5). Sadly, the large majority of Canadian adolescents do not
meet the national recommendations. Specifically, only 9% of boys and 4% of girls partake in 60
minutes of daily physical activity (6). It has also been estimated that adolescents spend, on
average, 8.6 hours per day in sedentary pursuits (6). Finally, only 30.5% of adolescents consume
5 or more daily servings of fruits and vegetables (7), while a large portion of adolescents’ overall
caloric intake is derived from nutrient-poor and energy-dense snacks, as well as sugar-sweetened
beverages (8-10). Adolescents’ health behaviours and their risk for becoming obese are
influenced by various sources present within their social and physical environments (11-14).
However, the household environment has been identified as one of the most important targets for
adolescent obesity treatment, as evidence has shown that parents continue to act as socializing
agents (15, 16) and influence adolescents’ health behaviours through parenting practices (17,
18).
In order to effectively treat and manage adolescent obesity, lifestyle behaviour
modification interventions need to be multifaceted, targeting the adolescent’s diet, physical
activity, and sedentary behaviours (19, 20). In addition, these interventions need to focus on
promoting lifelong weight management; therefore, many are delivered within a family-based

1

context (i.e., where both the parent(s) and adolescent are present in the treatment session), which
have been proven to be effective at improving adolescents’ weight outcomes (21). However,
family-based interventions are often resource intensive (22), thus new delivery processes need to
be developed and evaluated, in order to reduce the overall cost and improve the reach of these
programs.
E-health interventions refer to treatment or prevention interventions that have been
specifically designed to be delivered through an internet platform (23). E-health interventions
have many positive attributes that make them an attractive delivery option for paediatric obesity
treatment interventions including cost-effectiveness and persuasive intervention design, where ehealth interventions can provide users with tailored information and resources to help them
engage in self-management (24, 25). Additionally, e-health interventions have the potential to be
reached by many Canadian youth, as cell phone and internet penetration among this subpopulation is high (26). However, poor user engagement remains to be a major issue among ehealth lifestyle behaviour modification interventions (27, 28). Low levels of intervention use can
jeopardize the effectiveness of the program (29); therefore, gaining a greater understanding of
the factors associated with intervention adoption and usage can ultimately improve user
engagement and effectiveness.
Though many studies have examined factors associated with use of e-health interventions
aimed at modifying obesogenic behaviours (30-36), few studies have focused on adolescents
(37). Therefore, more research is required to address this gap within the literature. As a result,
this study examined individual and household characteristics associated with adolescents’
adoption and usage of the Aim2Be© app; a health behaviour modification intervention program
that is delivered through a smartphone app.

2

Chapter 2: Literature Review
2.1

The Burden of Childhood and Adolescent Obesity in Canada
Childhood and adolescent obesity continues to be a major public health epidemic in

Canada. In 2012/2013, an estimated 36.8% of Canadian adolescents (aged 12-17 years) were
classified as either overweight or obese, according to the Canadian Health Measures Survey (1).
These statistics are alarming, as it has been noted that adolescents who are overweight or obese
have a higher likelihood of remaining overweight during adulthood (38). Consequently,
overweight or obese adolescents are placed at a higher risk of developing both short- and longterm negative health outcomes. Specifically, childhood and adolescent obesity is associated with
sleep apnea, elevated blood pressure, glucose intolerance, and mental health problems (4).
Childhood obesity is also associated with lifelong psychosocial consequences such as reduced
quality of life (39), due to bullying, stigma, and discrimination (4, 40-42). Chronic disease
incidences associated with obesity in adulthood include type II diabetes, cardiovascular disease,
osteoarthritis, and many forms of cancers (2, 3). Additionally, obese adults also have a higher
risk of developing depression, dementia, and premature mortality (43-45).
This public health crisis has major implications for the Canadian health care system, as
the direct cost to treat co-morbidities associated with obesity at the population-level has been
estimated at $3.9 billion CAD in 2006 (46). Given the extent of this evidence, it is imperative
that immediate and effective actions are taken to resolve this epidemic. To develop effective
interventions, researchers and program planners must consider a thorough understanding of the
determinants of this health issue. Though the cause of the obesity epidemic remains to be
determined, obesogenic behaviours are thought to be a leading contender and may be the key
component to reduce and prevent future cases among the paediatric population (5).
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2.2

Obesogenic Behaviours among Canadian Adolescents
To develop a holistic perspective of the health outcomes of Canadian adolescents,

obesogenic behaviours, including: physical activity, healthy eating, sedentary behaviour, and
sleep must be taken into account (47), especially since these behaviours have been associated
with important health indicators (48). However, for the purposes of this study, the following
obesogenic behaviours will be discussed in further detail: physical activity, sedentary behaviour,
and dietary behaviours.

2.2.1

Physical Activity
Though the relationship between physical activity and obesity has been extensively

examined within the paediatric population, results remain inconsistent (49); which may be a
product of the different forms of measurements used to record physical activity (e.g., self-report,
accelerometers, pedometers, etc.) (50). With that being said, moderate-to-strong correlations
between physical activity and adolescent’s weight status do exist within the literature (13, 4952); where adolescents who are obese accumulate lower levels of physical activity, compared to
non-obese adolescents. Additionally, dose-response relationships have been found in a handful
of studies (50), indicating that adolescents can benefit from the health benefits associated with
physical activity, even when exposed to small doses.
In order to achieve the health benefits associated with being physically active, the
Canadian 24-Hour Movement Guidelines recommend that children and adolescents (5-17 years)
accumulate a minimum of 60 minutes of moderate- to vigorous-levels of physical activity every
day, as well as partake in strength training activities at least 3 days per week (53). However,
Colley et al. (6) discovered that very few Canadian children and adolescents (only 9% boys and
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4% girls) actually meet these recommendations. These statistics reflect a secular, decreasing
trend that has been experienced by youth worldwide (54).

2.2.2

Sedentary Behaviours
Sedentary behaviours are defined as a class of behaviours characterized by low energy

expenditure and minimal movement (55). These behaviours are often associated with workrelated and recreational screen time, as well as prolonged periods of sitting (56). However, it is
important to note that sedentary behaviour should not be misinterpreted as the inability to
achieve the recommended amount of daily physical activity, as research has shown that
individuals can exhibit prolonged periods of sedentary behaviour while still reaching the
recommended physical activity guidelines (57).
Systematic reviews have demonstrated that excessive time spent engaged in sedentary
behaviours is associated with many negative physical and psychosocial health effects, including
increased risk of cardiovascular disease and lower self-esteem (55). Similarly to physical
activity, a dose-response relationship has been identified (55), indicating that greater time spent
being sedentary leads to decreased health. Additionally, it was found in many studies that a
positive correlation existed between recreational screen time and adolescent’s body mass index
(BMI) (51, 52, 56).
The Canadian 24-Hour Movement Guidelines recommend that children and adolescents
limit their recreational screen time for up to 2 hours per day, as well as to break up the time spent
sitting (53). Using data from the Canadian Health Measures Survey, it was estimated that
children and adolescents spend over 8.6 hours per day in sedentary pursuits (6). Though the
proportion of sedentary pursuits being spent in front of a screen has not been recently measured
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among adolescents, studies have estimated that youth spend anywhere from 2.3 to 6 hours per
day in front of a screen (6, 58).

2.2.3

Dietary Behaviours
The quality of an adolescent’s diet also plays a major role in his/her weight status,

specifically in terms of adiposity (59, 60). Studies have reported that poor diets (characterized by
high intake of low-nutrient/high-energy dense foods and fat; as well as low intake of fruits,
vegetables, and dietary fiber) were associated with greater and excess levels of adiposity among
children and adolescents (59, 60).
The 2019 Canada’s Food Guide recommends that adolescents should eat a healthy diet
that is comprised of vegetables, fruit, whole grains, and protein (with a particular focus on plantbased protein foods) (61). Additionally, in order to achieve the health benefits associated with
healthy eating, Canada’s Food Guide also recommends that adolescents limit their consumption
of highly processed foods and drinks, as they contain excess levels of salt, sugar, and saturated
fats (61). Finally, Canada’s Food Guide recommends that adolescents replace their sugarsweetened beverage intake with water (61).
Despite these recommendations, many children and adolescents consume unhealthy diets.
Specifically in 2016, only 30.5% of Canadian adolescents (12-17 years) reported that they were
consuming 5 or more daily servings of fruits and vegetables (7); a benchmark that was used in
past research. Additionally, a large portion of adolescents’ overall caloric intake is derived from
nutrient-poor and energy-dense snacks, as well as sugar-sweetened beverages (8-10).
Consequently, adolescents are placed at risk of not obtaining the essential vitamins and minerals
that are required for healthy development (9).
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In sum, the large majority of Canadian adolescents exhibit obesogenic behaviours. Thus,
further examination of the environmental and social pressures that influence adolescents’ health
behaviour choices will provide critical insight into how this epidemic can be effectively treated
and managed.

2.3

Determinants of Childhood and Adolescent Obesity
Due to its complex and multi-factorial nature, obesity is caused and influenced by a host

of risk factors that interact with one another at various levels. For example, Davison & Birch’s
contextual model (62) conceptualizes a child’s weight status as a product of the interaction of
various characteristics at the individual-, household-, and societal-level. However, this section
will specifically focus on the individual characteristics and parenting practices that are associated
with childhood and adolescent obesity.

2.3.1

Individual Characteristics
Past studies have shown that a child’s risk of developing obesity is associated with

his/her demographics, including age, sex, and gender, as children’s body composition and
adiposity changes during puberty (63). However, for the purposes of this study, intrapersonal
characteristics, specifically motivation, and its relationship to adolescent obesity will be
discussed below.
Motivation is defined as the driving force that pushes an individual to act towards his/her
goals and desires, as well as to develop and adapt when faced with adversity (64). In SelfDetermination Theory (SDT), it has been argued that the type or quality of motivation that an

7

individual possesses, rather than the quantity, will better determine the outcome of his/her efforts
(64). Furthermore, the type of motivation that an individual possesses can be influenced by
whether the social environment supports and satisfies the individual’s psychological needs (i.e.,
competence, autonomy, and relatedness). Failure to satisfy these innate needs hinders the
individual’s psychological growth and development (65). Thus, motivation is thought to lie on a
continuum. Specifically, the spectrum ranges from amotivation (i.e., the lack of motivation to
conduct a behaviour) to extrinsic motivation (where the behaviour is carried out to lead to a
certain outcome, such as gaining a reward or avoiding punishment) to intrinsic motivation
(where the behaviour is carried out because it is self-endorsed and done out of interest or
enjoyment) (65). Additionally, different forms of regulation exist along the continuum, including
introjected, identified, and integrated. This continuum can be split into two major groups.
Specifically, identified, integrated, and intrinsic regulations are forms of autonomous motivation,
where individuals act on their own volition and values (64). Extrinsic and introjected regulations,
on the other hand, are forms of controlled motivation, where individuals act due to feelings of
being pressured and/or a sense of obligation, due to a structured environment (e.g., maintaining
one’s self-image, avoiding a negative outcome) (64).
Within the current literature, there is evidence to suggest that adolescents’ motivation
plays an influential role on their health behaviours; however, results are inconsistent. With
regards to healthy eating, past studies have found that autonomous and controlled motivation
were both positively associated with adolescent’s fruit and vegetable intake (66, 67), where one
study found that controlled motivation had a stronger association compared to autonomous
motivation (67). Among a sample of male adolescents, autonomous and controlled motivations
were negatively associated with adolescents’ screen time (68). Finally, with regards to physical
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activity levels, one meta-analysis noted that among 46 studies that specifically examined
children and adolescents, autonomous forms of motivation had moderate and positive
associations with physical activity levels (69), while controlled forms of motivation and
amotivation had weak and negative associations. However, in contrast to this meta-analysis, one
study, which examined an adolescent treatment sub-population, found that both autonomous and
controlled forms of motivation were positively associated with physical activity levels (70).

2.3.2

Parenting Practices
Though an individual’s metabolism and adiposity may be influenced by his/her genetic

make-up (71), studies have shown that the environment in which genes interact can ultimately
alter an individual’s risk for developing obesity (72). Additionally, recent research suggests that
changes within the physical and social environment, rather than genetic susceptibility, have
played a critical role in the drastic increase of obesity incidence over the past few decades (73).
Adolescents, in particular, are subjected to various influences within their physical and social
environments, including parents, friends, and peers. The family and household environment has
been identified as one of the most important targets for childhood and adolescent obesity
treatment and prevention interventions, as evidence has shown that parents continue to act as
socializing agents (15, 16) and shape the health behaviours of youth, even during adolescence
(74-76). Thus, further consideration of the household environment, specifically parenting
practices, and its impact on adolescent health behaviours is discussed below.
Parenting practices are defined as the various strategies and techniques in which parents
use during child rearing to influence their child’s attitudes, beliefs, and/or behaviours (15, 77).
Parenting practices are active, goal-directed actions or behaviours that can be adjusted according
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to the familial context (15, 78). However, due to its diverse nature, there are currently no
universally-accepted definitions nor well-defined categories within the literature (79-81), as
practices can differ based on the situation that parents are addressing (e.g., increasing fruit and
vegetable intake versus limiting recreational screen time). Consequently, this has led to major
measurement discrepancies within the literature (82), making it extremely difficult to compare
results between studies (83). However, despite these limitations, three higher-ordered parenting
practice constructs emerged with regards to addressing health behaviours, including: a) control;
b) structure; and c) autonomy support. Control includes parent-centred practices, where the
parent attempts to impose their will on their child, without taking into account the child’s needs
or desires (84). Typically, controlling practices include the use of a coercive behaviour (e.g.,
threats, bribes, or punishments) or attempts to pressure the child into conforming to the parent’s
requests (e.g., pressure to eat or emotional regulation) (84). Structure practices, on the other
hand, involve non-coercive practices where the parent attempts to structure or organize the
environment to help facilitate their socialization goals (84). Depending on the parent’s
socialization goals, structure practices can be complementary to both autonomy supportive and
controlling practices (84). Specifically, parents are required to provide sufficient levels of
structure to help their child make guided choices; however, excessive levels of structure may
limit the opportunities for the child to develop self-regulating skills. Some structure practices
commonly used by parents include having rules and limits, modelling in front of the child, and
guiding choices (84). Finally, autonomy supportive practices capture practices where the parent
provides their adolescent with the opportunity to develop their own independence and support
their volition to endorse the behaviours that the parent wants to instill (84). Examples of
autonomy supportive practices include: child involvement, education, and the encouragement of
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age-appropriate exploration, which provides parents the opportunity and environment to teach
their children self-regulatory skills (84).
Research has demonstrated that significant associations between parenting practices and
adolescent’s obesogenic behaviours exist. The details regarding each specific health behaviour
are described below:

Adolescents’ Dietary Behaviours: Multiple systematic reviews have examined the associations
between various parenting practices and children’s dietary behaviours, where it was noted that
parental support for healthy eating was positively associated with children’s intake of fruits and
vegetables (17). One literature review found that household availability and accessibility of fruits
and vegetables were usually positively associated with children’s and adolescents’ fruit and
vegetable intake (85); however, results are inconsistent, as some studies have reported null
associations (17, 86). Parental intake of fruit and vegetables (17, 87), as well as intake of foods
high in fat (86), were positively associated with adolescents’ consumption of these foods. In
addition, studies have found that household accessibility/availability of fruits and vegetables
modified these associations (17). Parents’ sugar-sweetened beverage intake was found to be
positively associated with children’s consumption of these drinks (86). Controlling strategies,
such as restrictive and pressuring practices, tend to have the opposite effect with regards to the
parents’ goal and may prevent the child from self-regulating their eating (88). Observational and
longitudinal studies have found that children whose parents placed higher levels of pressure
during feeding were associated with lower dietary quality (85). Experimental studies also found
that when children were rewarded for consuming a target food item, their consumption of the
target food item would increase, however their preference for that food item would decrease
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(85). Similar to pressure to eat, parents who reported using restrictive feeding practices were
associated with higher child disinhibition (85). In contrast to pressure to eat, parental restrictions
on processed treats were associated with higher child’s preference for those foods.

Adolescents’ Physical Activity: Children’s and adolescents’ physical activity levels were
positively associated with familial social support (18, 89-91) and instrumental behaviours (89,
92). One cross-sectional study found that gender-differences were present, as maternal logistic
support (e.g., enrolling children in activities, providing transportation, etc.) was positively
associated with girl’s volume of physical activity, while paternal logistic support was positively
associated with boy’s daily moderate-to-vigorous physical activity levels (89). Additionally,
studies and meta-analyses have found that parental participation in physical activity was
positively associated with their child’s moderate-to-vigorous physical activity levels (18, 91, 92),
as well as their overall physical activity levels (90, 91). Interestingly, even though parental
modelling of physical activity was extensively examined among adolescents, no significant
associations were found (93). Finally, one review noted that encouragement was found to be
positively associated with physical activity frequency among adolescents (91).

Adolescents’ Sedentary Behaviours: With regards to sedentary behaviour, household rules were
found to be negatively associated with adolescents’ screen time use (18, 94). Jago et al. (95)
demonstrated that children from low-restriction families had a 2.2 times greater risk of watching
2-4 hours of television per day, as well as a 3.3 times greater risk for watching more than four
hours of television per day. Additionally, parental use of electronic devices was positively
associated with children’s electronic use (18). One cross-sectional study found that the presence
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of a television and/or video game system within the adolescent’s bedroom was associated with
greater screen time usage (an additional 36 mins/day and 30 mins/day, respectively) (94).

Overall, the household environment is depicted as an important determinant of
adolescents’ weight status that has the potential to be modified within an intervention setting.
Therefore, understanding how the household environment can influence adolescents’
intervention use and treatment outcomes (through various modes of intervention delivery) merits
further examination.

2.4

Adolescent Obesity Behavioural Interventions
Due to its complex nature, adolescent obesity treatment interventions require a multi-

faceted approach, which tackle key aspects such as the adolescent’s diet, physical activity,
sedentary behaviour, and behavioural issues (96). Additionally, the primary goal of many
treatment interventions for the overweight/obese paediatric population is to support lifelong
change in health behaviours and thus, requires a life-course approach. The World Health
Organization recommends the use of lifestyle behaviour modification interventions that combine
dietary, physical activity, sedentary behaviour, and behavioural components as a form of obesity
treatment among adolescents, in order to promote lifelong weight management (97), as strong
evidence exists to suggest that these forms of intervention are effective among adolescents (19,
20). Two Cochrane systematic reviews found that multi-component behaviour modification
interventions were effective at reducing BMI and/or overall weight among overweight and obese
adolescents, both in a short- and long-term period (19, 20). Specifically, these reviews noted that
overweight and obese adolescents attending multi-component lifestyle intervention programs
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were able to maintain their weight/BMI loss at six, 12, and 18 months follow-up, as compared to
adolescents who were on wait-lists or usual care groups (19, 20). Finally, the most recent
Cochrane review found that there were no subgroup differences in long-term results with regards
to the setting of the intervention (i.e., healthcare, community, school), nor by the mode of
delivery (i.e., individual- vs. group-based interventions) (19).
Behavioural treatment strategies targeting adolescents’ dietary, physical activity, and
sedentary behaviours are often administered within family-based intervention (i.e., where both
the parent(s) and adolescent are present within the treatment session), since parents act as
important agents of change (15) and continue to influence their adolescent’s environment (21);
thereby influencing the adolescent’s health behaviours (74, 87, 90). Therefore, it is not surprising
to learn that one meta-analyses concluded that family-based obesity interventions were effective
at improving children’s and adolescents’ weight outcomes, as compared with passive control
groups (21). However, despite showcasing evidence of effectiveness, family-based, in-person
interventions are resource-intensive and in 2009 the costs associated with operating these
programs were estimated to run anywhere between $500-$800 USD per family, especially if
these types of interventions are delivered in a rural setting (22). Thus, new delivery options for
health behaviour modification interventions, such as e-health interventions, need to be developed
and evaluated.

2.4.1

E-Health Obesity Interventions: Potential & Challenges
E-health interventions refer to treatment or prevention interventions that are specifically

designed to be delivered through an internet platform or related networks (23). Typically, these
interventions incorporate behavioural change techniques within the program content, along with
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guidance or supportive feedback, to help address a health-related goal that the user wants to
achieve (e.g., quitting smoking, losing weight, chronic disease management, etc.) (23, 98). Ehealth interventions provide many positive attributes that make it an attractive delivery option for
paediatric obesity treatment interventions. E-health interventions can be cost-effective and
provide participants with individually-tailored programs that are specific to the user’s
demographics, health problems, and other various characteristics (24, 25). E-health interventions
have the potential to be reached and accessed by people from various demographics, thereby
making it possible for these programs to be implemented at a provincial or national level (24,
25). Thus, e-health interventions present the opportunity to reach populations who are typically
underserved due to geographical (e.g., rural settings), economic (e.g., low socioeconomic status),
or social related (e.g., stigma) factors (28). In 2017, cell phone penetration among Canadians was
recorded at 87%, additionally ~90% of Canadian households had internet access (99). Among
adolescents specifically, Statistics Canada reported that nearly 100% of youths (15-24 years)
used the Internet daily or owned their own smartphone (26). These statistics not only showcase
how widely accepted this form of technology is with the adolescent population, but it also
demonstrates the opportunity to reach Canadian youths. Not only is the potential for the use of ehealth interventions present, but there is also preliminary evidence to suggest that e-health
intervention can be effective at improving adolescents’ health outcomes. Specifically, one
systematic review found that e-health interventions were effective at treating obesity among
adolescents, as positive weight and behaviour change outcomes (i.e., decreased adiposity,
changes in dietary behaviours and physical activity levels) were reported in the intervention
groups (100). Additionally, one meta-analysis reported that health behaviour modification
interventions (targeting obesogenic behaviours, immunization, HIV prevention, or diabetes
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management) that were delivered via mobile phones had a small but positive effect on youth’s
health outcomes, compared to the control groups (101). Finally, e-health interventions have the
potential to address the weight stigma that may prevent individuals from accessing these
resources (41).

Overall, e-health presents a viable mode of delivery for adolescent obesity treatment
interventions. However, in order to improve program effectiveness, further research is required
to evaluate the program’s reach, characteristics associated with intervention adoption and use, as
well as users’ long-term health outcomes.

2.5

E-Health Intervention Adoption, Usage, and Its Implications
Due to the lack of consistency in terminology found within the literature, e-health

intervention adoption and use has been operationalized in various ways, making it difficult to
compare results between studies (102, 103). For example, adoption has been operationalized as
whether the individual enrolled in the e-health intervention (32, 104), whether the intervention
was used more than once (30), or whether the individual expressed willingness to use an e-health
intervention (105). With regards to e-health intervention use, past studies have operationalized it
as whether the individual initiated and/or completed all of the modules within the program (3436, 104, 106), whether the individual returned to the e-health intervention website more than
once (31, 33, 104), whether certain functionalities of the app were used or viewed (32, 37, 107),
or how many times the individual logged into the intervention (30, 108). For this study, adoption
refers specifically to an individual enrolling into the intervention, where those who are enrolled
are defined as users, while those who do not enroll are defined as non-users. Intervention usage,
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on the other hand, refers to an individual accessing the intervention and utilizing resources
provided by the program, as defined by the number of minutes they were logged into the app.
The extent to which participants utilize lifestyle behaviour modification interventions as
designed by program planners (29) (also known as adherence), continues to be a major issue with
in-person programs, as highlighted by Pagoto and Appelhans (109); however, this issue also
applies to the e-health context. Studies have noted that repeated or on-going intervention use is
positively associated with program effectiveness (including both in-person and web-based
programs) (29, 30, 109, 110), where users who are highly engaged with the intervention
experience greater health benefits. However, e-health interventions are particularly vulnerable to
poor intervention use and high attrition rates (27, 28, 111), with studies reporting only ~50% of
its users sustaining long-term engagement to the program (27). Consequently, the effectiveness
of the intervention can be potentially jeopardized. Thus, it is crucial that predictors of e-health
intervention adoption and usage are identified and studied, in order to understand the differences
between users who remain engaged within the program and those who dropout prematurely, as
well as to identify intervention modifications to help promote user engagement for future ehealth interventions (28).

2.5.1

Factors Associated with E-Health Intervention Adoption and Usage
Within the current literature, very few studies have examined characteristics associated

with e-health interventions adoption (105) and use (37, 106, 107), among adolescent users (age
range=11-19 years). Specifically, three health behaviour modification interventions were studied,
including a smoking cessation program (107), binge drinking intervention (106), and a lifestyle
behaviour management intervention for overweight and obese adolescents (37). One other study

17

examined user characteristics of an online smoking cessation program among a Norwegian
population; however, information regarding the age of its users was not provided (108). Finally,
one study examined adolescents’ willingness to adopt e-health interventions for health promoting
purposes (105). Among these five studies, various user characteristics were associated with
intervention adoption or use, and these results can be sub-divided into the following categories:
a) user’s demographics and intrapersonal characteristics, b) user’s health behaviours, and c)
user’s household environment. The details regarding each category are provided below.

User’s Demographics and Intrapersonal Characteristics: With regards to user demographics,
Jander et al. (106) and Wangberg et al. (108) noted that user’s sex was associated with e-health
intervention use. Specifically, female users were more engaged (i.e., completed more
intervention sessions or had more logins), as compared to male users. Additionally, the same
studies noted that users with higher education backgrounds were also associated with
intervention engagement (106, 108). Among all four studies, age was found to be significantly
associated with intervention engagement, however results varied. Specifically, three studies
noted that younger adolescents were either more likely to exhibit higher engagement (i.e.,
responded to weekly text prompts or acquired more logins) to the e-health intervention (106,
107), or to certain aspects of the intervention (i.e., percentage of counselling calls completed)
(37). In contrast, Wangberg et al. (108) noted that older users were associated with more logins
to an online smoking cessation intervention.
With regards to user’s intrapersonal characteristics, studies have found both positive and
negative associations between intervention usage and user’s motivation or perceived benefits.
Specifically, among a sample of Swiss adolescents, it was found that users who perceived more
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benefits from quitting smoking were more likely to exhibit stable engagement (i.e., respond to
weekly text prompts) (OR=1.52; 95%CI:1.32-1.84) (107). Mâsse et al. (37) noted that among a
sample of overweight and obese adolescents, autonomous motivation towards participating in the
lifestyle management intervention “MySteps©” was positively associated with content viewed
within the program.

User’s Health Behaviours: With regards to the influence of user’s health behaviours on their ehealth intervention usage, only two studies examined whether adolescents who reported binge
drinking one month prior to the baseline assessment were more or less likely to be engaged with
the interventions. Jander et al. (106) noted that Dutch adolescents who reported binge drinking
one month prior to the assessment were negatively associated with the number of completed
program sessions of an online intervention aimed at reducing binge drinking behaviours. In
contrast, Paz Castro et al. (107) noted that Swiss adolescents who reported binge drinking one
month prior to the baseline assessment, had greater odds of exhibiting stable engagement
(defined by the number of responses to text message prompts) within an online smoking
cessation intervention, as compared to adolescents who did not report binge drinking (OR=1.54;
95%CI: 1.14-2.08). With regards to adoption of e-health interventions, Tercyak et al. (105) noted
that adolescents who had markers of unhealthy behaviours, such as insufficient levels of
moderate-to-vigorous levels of physical activity or high BMI levels, were positively associated
with willingness to use e-health interventions.

User’s Household Environment: Finally, one study (37) examined the influence of various
aspects of the household environment (e.g., household income, parenting practices, and parenting
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style) on adolescents’ usage of a lifestyle management program. Specifically, among a sample of
overweight and obese adolescents, it was noted that household income was significantly
associated with program engagement, where adolescents from higher-income families viewed
more website content (37). As well, adolescents who lived within a household that ate breakfast
together every day viewed more of the intervention’s content and utilized the tracking tools more
often (37). Interestingly, higher availability of diet sugar-sweetened beverages was positively
associated with greater usage of the intervention’s tracking tools, as compared to adolescents
from households with no sugar-sweetened beverages (37). Finally, the study also noted that
authoritative parenting scale was negatively associated with adolescents’ tracking tool usage
(37).

Overall, very few studies have examined characteristics associated with adolescents’
adoption or engagement towards web-based health behaviour modification interventions.
Additionally, these associations have yet to be identified with regards to a behaviour
modification intervention delivered within a smartphone app. Therefore, more research is
required to address this gap within the literature.

2.6

Study Aims & Hypotheses
The purpose of this thesis was to examine the associations between adolescent-level

characteristics and parenting practices with adolescents’ adoption and usage of the Aim2Be©
app; a health behaviour modification intervention program delivered through a smartphone app.
The specific aims and hypotheses are:
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Aim I: To examine whether adolescent characteristics (i.e., autonomous motivation, controlled
motivation, and health behaviours) are associated with app adoption and/or app usage
(Figure 2.1).

Figure 2.1: Theoretical model depicting the associations between adolescent characteristics on
adolescents’ adoption and usage of the Aim2Be© app.
Hypothesis I:
Adolescents with high levels of autonomous or controlled motivation and poor health
behaviours will be more likely to adopt the Aim2Be© app and use the app more, compared to
adolescents with low levels of autonomous and controlled motivation or adolescents who
demonstrate healthy behaviours.

Aim II: To examine whether parenting practices are associated with adolescents’ app adoption
and/or app usage, as well as to explore whether these associations are confounded by
parents’ sex (Figure 2.2).
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Figure 2.2: Theoretical model depicting the associations between parenting practices and
adolescents’ adoption and usage of the Aim2Be© app.
Hypothesis II:
Positive parenting practices (i.e., higher levels of autonomy supportive and structure
parenting practices) will be associated with adolescents’ app adoption and greater app usage, as
compared to negative parenting practices (i.e., higher levels of control parenting practices).

Aim III: To examine whether the associations between adolescents’ app adoption and/or app
usage and parenting practices are mediated through adolescent characteristics, as well as
to explore whether these associations are confounded by parents’ sex (Figure 2.3).

Figure 2.3: Theoretical model depicting the influence of adolescent characteristics and parenting
practices on adolescents’ adoption and adherence to the Aim2Be© app.
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Hypothesis III:
The associations between parenting practices and adolescents’ app adoption and/or
usage, will be mediated by adolescents’ motivation and health behaviours.

2.7

Theoretical Models
The theoretical models underlining the study hypotheses (Figures 2.1, 2.2, and 2.3) are

guided by the principles of Self-Determination Theory (112) and Social Cognitive Theory (SCT)
(113). In brief, the model outlines adolescents’ app adoption and usage as a product that is
directly influenced by individual characteristics. Additionally, adolescents’ adoption and use of
the Aim2Be© app is both directly influenced by parenting practices, as well as indirectly via
adolescents’ intrapersonal characteristics.

2.7.1

Self-Determination Theory (SDT)
SDT aims to understand how individual factors influence a person to acquire the

motivation to self-regulate their behaviours, such as adopting and maintaining healthy
behaviours (114). Deci and Ryan argue that in order for an adolescent to self-regulate and sustain
a health behaviour, he/she must align their motivation to their personal values, in order to
internalize it (115). Additionally, promotion of autonomous motivation is dependent on the
fulfillment of the three innate psychological needs (65, 115, 116), which include: a) autonomy
(i.e., the adolescent’s need to express volition); b) competence (i.e., the adolescent’s need to feel
capable of achieving his/her desired goal); and c) relatedness (i.e., the adolescent’s need to feel
connected with others). Failure to satisfy these psychological needs hinders the adolescent’s
psychological growth and development and yields less optimal forms of motivation (i.e.,
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controlled motivation) (65, 115).
In the literature, autonomous forms of motivation (e.g., intrinsic motivation) and other
aspects from SDT (i.e., relatedness and autonomy support) were found to be significantly
associated with intervention engagement (as defined by greater use of intervention
functionalities) among adolescents (37). Additionally, studies have found that children and
adolescents who demonstrated autonomous forms of motivation (i.e., intrinsic motivation and
identified regulation) were positively associated with better health behaviours, including higher
levels of physical activity (69, 70, 117, 118), as well as fruit and vegetable intake (66).
Therefore, within this study, adolescent’s motivation was examined to determine whether it was
associated with adolescents’ Aim2Be© app adoption and usage directly or indirectly via
adolescents’ health behaviours.

2.7.2

Social Cognitive Theory (SCT)
SCT aims to describe how social and cognitive factors allow or impede an adolescent

from adopting a health behaviour (119). Specifically, this theory takes into account how the
social context, as well as internal and external reinforcements (e.g., modelling, self-efficacy, and
expectations) influence an adolescent to self-regulate and change his/her behaviour (120, 121).
An important feature of SCT is the construct of reciprocal determinism, which suggests that
individuals do not operate as independent agents (122), rather individuals’ behaviours are
influenced by their social factors, environment, and personal factors.
Within the literature, there is strong evidence to suggest that the household environment
plays a role in shaping adolescents’ health behaviours (74-76). One mechanism includes parental
modelling of healthy behaviours, as studies have found that children’s health behaviours tend to
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mirror those to their parents (76, 87, 123, 124). Therefore, parenting practices were examined to
determine whether they were associated with adolescents’ adoption and/or usage to the
Aim2Be© app indirectly via the adolescent’s intrapersonal characteristics.

2.8

Study Rationale
Very little research has examined and identified predictors of adolescents’ adoption and

use of e-health interventions, especially those targeting obesogenic behaviours. Moreover,
predictors of app adoption and usage of a lifestyle modification intervention delivered through a
smartphone app have yet to be identified among an adolescent study population. Further
examination into this sub-population is critical, as adolescence is a sensitive period for the
development and maintenance of health behaviours, as research has found that these behaviours
track into adulthood (125). Additionally, these results will help inform program planners develop
effective interventions that promote stable user engagement, as high attrition rates and low user
engagement are commonly reported (27, 28). Therefore, this study examined the association
between individual characteristics and parenting practices with adolescents’ adoption and usage
of the Aim2Be© app.
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Chapter 3: Methods
3.1

Living Green and Healthy for Teens (LiGHT) Project
The data source for this study came from the Living Green and Healthy for Teens

(LiGHT) project, which aims to promote healthy behaviours among Canadian youth and their
families through the delivery of an innovative lifestyle management program called Aim2Be©.
Aim2Be© is a gamified mobile phone app and website that helps and supports children and
adolescents (10-17 years), as well as their families in adopting and maintaining healthy lifestyle
behaviours. Specifically, through the use of behaviour change techniques, the app aids users to
adopt health behaviours that are in line with the current Canadian lifestyle recommendations on
nutrition, physical activity, sedentary behaviour, and sleep. The app has been designed to provide
adolescents with an engaging and non-judgemental platform, in order to support healthy growth
and development.
This study examined the baseline data collected during the pre-post evaluation of the
LiGHT version 2.1, which was conducted from March 2018 – October 2018. Ethics approval
was granted by the University of British Columbia research ethics board.

3.1.1

Aim2Be© App
Aim2Be© is a free lifestyle management program that is delivered via the iOS (i.e.,

Apple App Store) and Android (i.e., Google Play) platforms. A complimentary website was also
designed and contained the same features of the app, in order to reach users who lacked access to
a compatible smartphone or related devices. The program was designed to provide all Canadian
families with health promotion resources to help address the Canadian adolescent obesity
epidemic. Specifically, the purpose of the app was to promote and guide long-term behaviour
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change with regards to physical activity, sedentary behaviours, healthy eating, and sleep.
Additionally, the app aimed to promote healthy body image and increase the self-esteem of
users. Contrary to interventions that are prescriptive in nature, Aim2Be© provided adolescents
with control over their health journey, as adolescents choose the behaviours they would like to
change based on reflection and self-discovery.
Based on the principles of SDT (65) & SCT (113), Aim2Be© was developed to improve
adolescents’ self-efficacy and intrinsic motivation, as the intrapersonal factors to trigger change
in their self-regulatory processes. Activation of these self-regulatory skills will allow adolescents
to be better prepared to adopt and maintain their behaviour changes, especially when faced with
perceived barriers or limitations. Specifically, the app addresses three types of mediators,
including: gamified, behavioural, and environmental mediators. To target gamified mediators,
the app was developed using Ayogo Health Inc.’s Empower Platform, which combines elements
of social interaction and gamification (e.g., quizzes, interactive stories, daily bonuses), in order
to increase user enjoyment and intrinsic motivation; a key element in user engagement, as
described by the Player Experience of Need Satisfactions model (126, 127). The app provides
adolescents with the opportunity to customize their app so that it better suits their personality and
style, thereby making it more personal and relatable to them. The behavioural mediator is
targeted through the development and activation of self-regulatory skills (e.g., goal setting and
self-monitoring). The app empowers adolescents to adopt and maintain behaviour changes by
increasing their intrinsic motivation and self-efficacy levels through the use of a variety of
behaviour change techniques, which are provided in the form of aims, tasks, and articles found
within the app. Finally, to target environmental mediators, the app provides adolescents with
emotional and social support from peers through the app’s social wall, as well as support from a
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Live Coach which users can access directly through the app. The Live Coach is a health
professional who has expertise in healthy living (e.g., dietician) and training in motivational
interviewing, and he/she provides users with the option to schedule phone or text meetings where
adolescents can discuss their goals and ask for guidance, if they find themselves struggling to
achieve their goal(s). Additionally, the program targets the familial environment through the
implementation of a parent companion Aim2Be© app, which was specifically designed to help
parents carry-out positive behaviour changes within their household environment and help
support their adolescent (e.g., positive modeling, physical and social support).
The contents of the app were developed and reviewed by experts in the field of medicine,
nutrition, physical activity, and psychology to ensure that the information aligns with the
Canadian health recommendations, as well as paediatric management clinical guidelines. The
app was also developed with the intention to meet the needs of the target population (i.e.,
adolescents and their families). This was done through a series of focus group discussions, oneon-one interviews, and advisory committees during the app development phase, as well as beta
testing of the initial prototype.

3.2

Study Participants
A sample of web panel members from InSights West (a Canadian market research

company) were recruited for the pre-post evaluation of the LiGHT project. InSights West recruits
its members through web advertisements and random digit dialing to ensure that hard to reach
Canadians are also included within their samples.
At the beginning of the recruitment process, 1418 parents were screened electronically to
ensure that their family (i.e., parent and adolescent) met the following study criteria:
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Participant Inclusion Criteria: Parents had to be the primary caregiver of an adolescent that is
13-17 years of age. In addition, both parent and adolescent had to agree to participate in the
study, be literate in English, able to read at the grade 5 level or higher, as well as had access to a
computer or smartphone that was connected to the internet within their household.
Participant Exclusion Criteria: For the adolescent participants specifically, they were excluded
if they had any health condition that severely restricted their physical activities and/or diet, had a
type I diabetes diagnosis, or suffered from any cognitive, psychological, or physical limitations
that prevented them from spending 20-30 minutes on a computer program that was written at a
grade 5 reading level.
InSights West assessed the eligibility of their web-panel members to participate in the
LiGHT project. Once deemed eligible, parents were introduced to the full study and were asked
to provide consent electronically via the web-based platform Research Electronic Data Capture
(REDCap) (128) to be contacted by research staff from the University of British Columbia.
Afterwards, parents and adolescents were asked to provide consent and assent, respectively, in
order to participate in the study. At the end of the recruitment process, a total of 371 adolescents
and 369 parents completed the baselines questionnaires, while 294 adolescents enrolled in the
Aim2Be© app.

3.3

Study Protocol
Once families were recruited and both parent and adolescent participants

consented/assented to participate in the study online, participants were redirected to the baseline
questionnaire which was administered online through REDCap (128). Once completed,
participants were provided with access to their respective version of the Aim2Be© app and were
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asked to enroll, login, and use the app as they see fit. At 1-month follow-up, adolescents
completed a short online questionnaire, and at 4½-months follow-up, both the parent and
adolescent were asked to complete a final assessment. At the end of the study, families were
provided with an honorarium of a maximum of $100 ($20 for completing both parent and
adolescent baseline questionnaires, $20 for completing the 1-month intermediate questionnaire,
and $60 for completing the 4½-months follow-up questionnaires).
The following table (Table 3.1) summarizes all of the constructs and variables that were
collected from the study participants. For this study specifically, the data collected from the
baseline questionnaires will only be examined.
Table 3.1: Questionnaires and time points of administration during the pre-post evaluation of the
LiGHT project.
Evaluation
Questionnaires
Socio-Demographic
Questionnaire
Knowledge of Canadian
Health Recommendations
Lifestyle Behaviour
Questionnaires
Anthropometric
Measurements
Weight Concern
Questionnaire
Mediators of Behaviour
Change
(i.e., Motivation and
Self-Efficacy)
Family Functioning,
Support, & Parenting
Questionnaire
App Web-Analytics

3.4

Baseline
Adolescent

Parent





1 Month
Follow-up
Adolescent Parent

4½ Months
Follow-up
Adolescent Parent











































Responses Used in
this Thesis
Adolescent Parent












Continuously Collected









Measures
Adolescent characteristics (i.e., health behaviours and motivation) and parenting practices

were assessed using various self-reported measurements. Adolescents’ adoption and use of the
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Aim2Be© app was measured objectively using web-analytic data, which was provided by the
app developers, Ayogo Health Inc. Further details regarding each measure and how they were
used are provided below. A full list of all of the measures and survey items is outlined within
Appendix A.

3.4.1

Adolescents’ Adoption & Use of the Aim2Be© App
Using the web-analytics data collected from the Aim2Be© app, adolescent’s adoption of

the Aim2Be© app was operationalized as a dichotomous variable, where adolescents who
enrolled and logged into the app after they downloaded it, were defined as participants who
successfully adopted the app. Conversely, adolescents who did not download the app nor
enrolled in the app were defined as participants who did not adopt the app.
Adolescent’s usage of the Aim2Be© app was operationalized as a continuous variable.
Specifically, the total number of minutes in which the adolescent was logged into the app during
the intervention period (i.e., 135 days after app enrollment) was used to measure the adolescent’s
app usage. Due to its heavily right-skewed distribution, the outcome variable was logtransformed, in order to conduct parametric analysis.

3.4.2

Adolescents’ Current Health Behaviours
The health behaviours of adolescents were measured based on the participant’s physical

activity levels, dietary behaviours, and screen time using validated questionnaires. The details of
each measurements and the overall health behaviour index score are described in this section.

Physical Activity Levels: Adolescents’ physical activity levels were measured using the Physical
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Activity Questionnaire for Older Children (PAQ-C), a self-administered seven day recall
questionnaire which was validated among a sample of grade 4-8 elementary students (129).
One-week test-retest reliability of the questionnaire was determined to be =0.82 and =0.75 for
female and male students, respectively (129). The PAQ-C was originally designed to be
administrated through a paper-and-pencil method, however for this study, the questionnaire was
modified to be administered online. Specifically, adolescents were asked to recall the amount of
physical activity that they completed over the last seven days, with responses varying from
“None” to “More than 2 hours”. If adolescents reported completing any amount of physical
activity within the last seven days, they were then asked to indicate which activities they
completed from a pre-determined list, which was modified from the original questionnaire
(shorten to include moderate-to-vigorous physical activities (MVPA) typically reported by
adolescents). Adolescents were also provided with the option to list any activities which were not
previously listed. For the analyses, the amount of physical activity that participants reported over
the last seven days was summated and divided by seven, in order to calculate the adolescent’s
average daily MVPA levels.

Dietary Behaviours: Adolescents’ fruit and vegetable, as well as sugar-sweetened beverages
intake, was measured using items taken from the National Youth Physical Activity and Nutrition
Study (NYPANS) (130). Validity has been assessed against 24-hour dietary recall interviews
(24HrDRI) among a sample of high school students (131, 132). Additionally, survey items for
soda/pop and 100% fruit juices servings significantly correlated with the mean servings reported
within the 24HrDRI (ρ=0.44 and ρ=0.28, respectively) (132).
The NYPANS was originally administered through a paper-and-pencil method, however
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the survey items were modified to be administered online. Specifically, participants were asked
to recall the amount of fruit and vegetable servings that they consumed in the previous day
(without including 100% fruit or vegetable juices, as well as fried potatoes). Responses to the
survey items included a range of “None” to “4 or more servings” in ½ serving increments.
Additionally, participants were asked to recall how many times they consumed the following
beverages over a 7-day period: i) 100% fruit juices; ii) regular soda/pop (not including diet
drinks); as well as iii) other sugar-sweetened beverages (including fruit-flavoured drinks, sports
or high energy drinks, blended sweetened tea or coffee drinks, as well as other sweetened drinks;
which have all been combined into one survey item). Responses for these three items included
the following: “None”; “1-3 times in the past 7 days”; “4-6 times in the past 7 days”; “1 time per
day”; “2 times per day”; “3 times per day”; “4 or more times per day”. For the analyses, the
number of servings of both fruits and vegetables reported by the adolescent on the two survey
items were summated to calculate an estimated daily intake of fruits and vegetables. With
regards to the sugar-sweetened beverages, if adolescents responded with “1-3 times in the past 7
days” or “4-6 times in the past 7 days” for any of the survey items, the mean number (2 times in
the past 7 days; 5 times in the past 7 days, respectively) was used in the calculations. However, if
participants selected any of the following responses: “1 time per day”, “2 times per day”, “3
times per day”, or “4 or more times per day”, then the responses were multiplied by seven, in
order to determine the adolescent’s average weekly intake. Finally, in order to calculate the
adolescent’s average daily sugar-sweetened beverage intake, the total amount of weekly sugarsweetened beverages intake reported among the three survey items was summated and then
divided by seven.
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Sedentary Behaviour/Recreational Screen Time: Adolescents’ screen time was assessed using
Rosenberg et al.’s Sedentary Behaviour Questionnaire for adults (133), which measured the
amount of time participants were sedentary on their most recent weekday and weekend day
(including: watching television, playing computer/video games, sitting while listening to music,
sitting and talking on the phone, doing paperwork or office work, sitting and reading, playing a
musical instrument, doing arts and crafts, sitting and driving/riding in a car, bus, or train).
Though the questionnaire was validated among an overweight adult sample (133), the
questionnaire itself was found to be sensitive to changes in an obesity intervention among
adolescents (134).
For this study, the questionnaire was modified to specifically measure the following four
sedentary behaviours: watching TV; playing computer or videos game; using a computer, tablet,
or mobile device outside of school work or paid work; and talking or texting on a cell phone.
Therefore, participants were asked to report the length of time that they typically spent
completing each of the activities on the most recent weekday and weekend day (8 survey items
in total). Responses for the survey items included: “None”, “15 minutes”, “30 minutes”, “1
hour”, “1.5 hours”, “2 hours”, “2.5 hours”, “3 hours”, “3.5 hours”, and “4 or more hours”. For
the analyses, adolescents’ weekday sedentary time reported among all four behaviours within the
most recent weekday were summated and then multiplied by five, in order to estimate
participants’ sedentary hours on weekdays. Similarly, adolescents’ weekend sedentary time
within the most recent weekend was estimated by summating the total sedentary time among all
four behaviours and then multiplied by two. Afterwards, the weekday and weekend sedentary
hours were added and then divided by seven, in order to estimate adolescents’ average daily
sedentary hours.
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Adolescents’ Health Behaviours Indicator: Since this study focussed on determining whether
adolescents who have an overall healthy versus unhealthy lifestyle would be more or less willing
to adopt and to use the Aim2Be© app, an indicator of participants’ current health behaviours was
computed. To compute an indicator of current health behaviours, each behaviour was first
dichotomized through median split (high was coded as 1, while low was coded as 0 for physical
activity and fruit and vegetable intake; reverse coding was applied for sugar-sweetened beverage
intake and sedentary behaviours). An overall health behaviour score was calculated by adding
the index score for all four health behaviours. This resulted in a total score ranging from 0 to 4,
where “4/4” indicated that the adolescent was living a healthy lifestyle relative to the study
sample, while “0/4” indicated that the adolescent was living an unhealthy lifestyle relative to the
study sample.

3.4.3

Adolescents’ Autonomous and Controlled Motivation
Adolescents’ motivation was measured using 16 items that were adapted from the Family

Life, Activity, Sun, Health, and Eating (FLASHE) study (135), which were originally taken and
modelled after the Self-Regulation Questionnaires (SRQs) (136). The SRQs were developed
using SDT, in order to help differentiate an individual’s motivation or regulation with regards to
various domain-specific behaviours, such as treatment, academic, or exercise self-regulation.
Internal consistency of the subscales found within the Treatment Self-Regulation Questionnaire
were found to be adequate across three different health behaviours (exercise, diet, and tobacco
use) among various adult populations (α range=0.73-0.93) (137). The FLASHE motivation scale
includes four items for each health behaviour (4 items x 4 health behaviours = 16 items), where
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two of the items measured controlled motivation (i.e., external and introject regulation) and two
items measured autonomous motivation (i.e., integrated regulation and intrinsic motivation).
These four items were then repeated for each behaviour (i.e., physical activity, fruits and
vegetables intake, consumption of sugar-sweetened beverages, and screen time). In this study,
the response scale was modified from a four-point to a five-point Likert scale, where 1 indicated
“Strongly Disagree” and 5 indicated “Strongly Agree”.

Autonomous & Controlled Motivation Indicators: Similar to the health behaviour index, this
study was interested in determining whether adolescents with high or low levels of autonomous
and controlled motivation were more or less likely to adopt and use the Aim2Be© app.
Therefore, an indicator of both adolescents’ autonomous and controlled motivation was
computed. For each behaviour, autonomous motivation was dichotomized by first summing the
two items that assessed autonomous motivation and recoding those who had a score from 2 to 6,
as 0 (indicating low autonomous motivation), and those who had a score of 7 to 10, as 1
(indicating high autonomous motivation). This scoring was then applied to all four behaviours
and an autonomous indicator variable was computed by summing all four behaviour indicators.
This resulted in an overall score that ranged from 0 to 4, where “4/4” indicated that the
individual was autonomously motivated among all health behaviours, while “0/4” indicated that
the individual was not autonomously motivated. The same scoring process was then used to
compute an indicator variable for controlled motivation.

3.4.4

Parenting Practices
Parenting practices were assessed using the questionnaires drawn from the FLASHE
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study (135). A total of 27 items were used to assess parents’ level of control, structure, and
autonomy-supportive practices that they implement with regards to their adolescent’s health
behaviours, including: i) fruit and vegetable intake; ii) sugar-sweetened beverages and junk food
intake; iii) physical activity; and iv) screen time. A full description of the items is provided
below. A five-point Likert response scale was used for each survey item, where 1 indicated
“Strongly Disagree” and 5 indicated “Strongly Agree”.

Parenting Practices around Healthy Eating: Within this study, the FLASHE study questionnaire
regarding parenting practices around healthy eating was used. The survey included 14-items,
which were modeled after the Child Feeding Questionnaire (CFQ; α range=0.70-0.73) (138),
Comprehensive Feeding Practices Questionnaire (CFPQ; α range=0.75-0.80) (139), Parental
Feeding Style Questionnaire (PFSQ; α range=0.65-0.77) (140), and Legitimacy of Parental
Authority (141), in order to assess the parenting practices surrounding their adolescent’s fruits
and vegetables intake, as well as their sugar-sweetened beverages and junk food intake.
Specifically, two items assessed parents’ use of modelling, seven items assessed parents’ use of
controlling and restrictive practices, structure practices were measured using two items, parents’
use of encouragement for eating fruits and vegetables was assessed using one item, and two
items (not taken from previous sources) assessed whether parents used autonomy supportive
practices with regards to their adolescent’s dietary intake.

Parenting Practices around Physical Activity: Within this study, the FLASHE study
questionnaire regarding parenting practices around physical activity was used. The survey
included six-items, which were modelled after the Parenting Eating and Activity Scale (PEAS; α
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range=0.81-0.82) (142), Activity Support Scale (ACTS; α range=0.71-0.83) (143), CFPQ (139),
and Legitimacy of Parental Authority (141), in order to assess the parenting practices
surrounding their adolescent’s physical activity. Specifically, one item assessed parents’ use of
modelling, controlling practices were measured with three items, structure/support practice was
assessed using one item, and one item (not taken from previous sources) assessed whether
parents used autonomy supportive practices with regards to their adolescent’s physical activity.

Parenting Practices around Screen Time: Within this study, the FLASHE study questionnaire
regarding parenting practices around screen time were used. The survey included seven-items,
which were modelled after the PEAS (142), ACTS (143), PFSQ (140), and Legitimacy of
Parental Authority (141), in order to assess the parenting practices surrounding their adolescent’s
screen time. Specifically, one item assessed parents’ use of modelling, four items assessed
parents’ use of controlling/restrictive practices, structure practice was assessed using one item,
and one item (not taken from previous sources) assessed whether parents used autonomy
supportive practices with regards to their adolescent’s recreational screen time.
Upon further examination of the survey items, the item that assessed structure practices
was removed from the structure indicator and final analysis, as it was determined that the
wording of the question was not clearly written for the participants.

Control, Structure, and Autonomy Supportive Parenting Practices Indicators: To determine
whether the use of various parenting practices were significantly associated with adolescents’
adoption and use of the Aim2Be© app, indicators for control, structure, and autonomy
supportive parenting practices was computed. Specifically, an index score for each parenting
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practice (control, structure, and autonomy support) was computed by averaging the survey items
associated with each parenting practice within every health behaviour (i.e., adolescent’s fruit and
vegetable intake, sugar-sweetened beverages and junk food intake, physical activity, and
sedentary behaviours). The scores were then dichotomized by recoding those who had an
average score from 1 to 3, as 0 (indicating low use of that parenting practice), and those who had
an average score of 4 to 5, as 1 (indicating high use of that parenting practice). The index scores
for each parenting practice was then summated from all four health behaviours, resulting in a
control, structure, and autonomy supportive parenting score that ranged from 0 to 4. A score of
“4/4” indicated that the parent utilized that specific subtype of parenting practices throughout all
of their adolescent’s health behaviours, while a score of “0/4” indicated that the parent did not
use that subtype of parenting practices in any of their adolescent’s health behaviours.

3.5

Data Analysis
To address the study aims, univariable logistic and linear regressions, along with path

analyses were used. Specifically, six models were analyzed to determine whether adolescent
characteristics or parenting practices were associated with adolescents’ adoption and/or usage of
the Aim2Be© app. Additionally, stratified analyses by the sex of the parent respondent were
completed to determine whether the effects of parenting practices were the same if the survey
was completed by the mother or father samples. Stratified analyses were only conducted for aims
II and III. Finally, to determine whether the demographic characteristics of the samples used for
the app adoption and usage models differed significantly, two-sample t-tests and chi-squared
tests were conducted for continuous and categorical variables, respectively. Descriptive and
univariate statistical analyses, as well as regression diagnostics were conducted in Stata version
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13.1 (144), while path analyses were conducted with Mplus version 8 (145). All models were
adjusted for adolescent’s age and sex, and a significance level of 5% was used. Scatterplots, bar
plots, and residual plots were evaluated to ensure that regression assumptions were not violated.

3.6

Missing Data
At the end of the data cleaning process, 28 parent-adolescent dyads (7.5% of the total

sample) contained missing information; specifically, dyads were missing a motivation or
parenting practice indicator.
To address this issue, Monte Carlo integration was first applied in Mplus. However, only
8 cases with missing endogenous variables (i.e., autonomous and controlled motivations) were
recovered using this strategy, leaving 20 cases (5.4% of the total sample) with missing data on
the exogenous variables (i.e., control, structure, and autonomy practices). Since this strategy did
not recover the majority of the missing cases, a different solution was implemented. Specifically,
index scores were recoded to reflect the response of the answered survey items – this was
completed for all 28 dyads. Afterwards, the indicator score was adjusted accordingly (as
previously mentioned). If, however, the index score was based on the response of one survey
item (e.g., autonomy support parenting practices regarding adolescent’s physical activity) that
the participant did not answer, the indicator was not adjusted and remained missing. At the end
of the data recoding process, 23 dyads were recovered and only 5 parent-adolescent dyads (1.3%
of the total sample) contained missing information.
Changes to the study results that occurred after the missing cases were included in the
study analyses have been noted in the result tables found in Chapter 4. When the 23 recovered
cases were included in the study analyses, a handful of minor changes were observed.
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Specifically, associations that were borderline significant gained significance, while other
associations that were near the p-value=0.05 cut-off point lost statistical significance. Only one
major change to the study results was observed. Specifically, the association between controlled
motivation and app adoption within the full sample (Table 4.6) lost statistical significance when
the missing cases were added to the model.
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Chapter 4: Results
4.1

Sample Demographic Characteristics
Table 4.1 presents the demographic characteristics of the study sample (n=371). Among

the adolescent sample, the mean age was 14.9 years, the sample was equally split based on sex,
and the majority were of white ethnicity. Among the parent sample, the mean age was 46.5 years
and approximately 2/3 of the sample were female (65.2%). The majority of the parents were
married or living with a common-law, were educated, and had a household income of >$50,000.
Note that the distribution of the sample demographics did not significantly differ between the
families included within the app adoption models and those included in the app usage models.

Table 4.1: Study sample demographic characteristics.
Adolescent Sample
Age
Sex
Male
Female
Ethnicity
White
Chinese
South East Asian/South Asian/Japanese
Aboriginal/White & Aboriginal
Other
Parent Sample
Age
Missing
Sex
Male
Female
Marital
Married/Common-Law
Status
Single/Divorced/Widowed
Household Less than $50,000
Income
$50,000 - $99,999
$100,000 - $150,000+
Missing
Highest
High School or Less
Level of
College Diploma or Trade Certificate
Education
Bachelor’s Degree
Attained
Above Bachelor’s Degree
Note: N = Number; % = Percentage; SD = Standard Deviation

N

%

Mean ± SD

Range

371
187
184
258
21
19
22
51

100 14.9 years ± 1.5
50.4
49.6
69.5
5.7
5.1
5.9
13.8

13 – 17

368
3
129
242
311
60
53
134
148
36
86
98
140
47

99.2 46.6 years ± 6.6
0.8
34.8
65.2
83.8
16.2
14.3
36.1
39.9
9.7
23.2
26.4
37.7
12.7

27 – 66
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4.2

Descriptive Statistics of Adolescent Characteristics and Parenting Practices
The mean, standard deviation, median, and interquartile range for the dependent

variables, independent variables, mediators, and covariates are presented in Table 4.2. A
correlation matrix is provided in Appendix B. With regards to the dependent variables, the
majority of adolescents adopted the Aim2Be© app (79.2%). The mean number of minutes of app
usage was 83.6 minutes, while the median was 34.4 minutes. The total number of minutes of app
usage ranged from 0.9 – 1335.9 minutes.
For all of the independent and mediating variables, the scores ranged from 0 – 4. The
mean score for all of the mediators was approximately 2, meaning that adolescents scored above
the 50th percentile for about two out of four health behaviours and were autonomously motivated
and externally motivated to engage in two out of four health behaviours. With regards to
parenting practices, control practices had a mean score of 2.2, meaning that parents on average,
used controlling practices for about two out of the four health behaviours measured in this study.
Means scores for autonomy support and structure practices were 1.6 and 2.6, respectively.

Table 4.2: Descriptive statistics for dependent variables, independent variables, and mediators.
N
Dependent Variables
Minutes of App Usage
App Adoption

Yes
No

294
294
77

%

Mean ± SD

Median (IQR)

Range

83.6 ± 156.5

34.4 (65.33)

0.9 – 1335.9

79.2
20.8

Independent Variables
Autonomy Practices
367
1.6 ± 1.2
1 (2)
Structure Practices
368
2.6 ± 1.1
3 (2)
Control Practices
369
2.1 ± 1.4
2 (2)
Mediators
Health Behaviours
371
2.0 ± 1.1
2 (2)
Autonomous Motivation
371
2.2 ± 1.1
2 (2)
Controlled Motivation
371
2.2 ± 1.4
2 (2)
Note: N = Number; % = Percentage; SD = Standard Deviation; IQR = Interquartile Range

0–4
0–4
0–4
0–4
0–4
0–4
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4.3

Associations between Adolescent Characteristics, Parenting Practices, and

Adolescent’s App Adoption and Usage
Table 4.3 highlights the univariable linear and logistic analyses, respectively, between the
independent and mediating variables with the dependent variables. All univariate analyses were
adjusted for adolescent’s age and sex.
Univariately, health behaviours (β=0.17) was the only variable that was positively
associated with app adoption, meaning that adolescents’ odds of adopting the app increased if
they reported engaging in more healthier behaviours. In contrast, when examining app usage, all
forms of parenting practices, including control (β=0.17), structure (β=0.13), and autonomy
(β=0.23) were univariately positively associated. These results indicate that app usage increased
if parents were more controlling, provided more structure, or provided autonomy through their
parenting practices on the health behaviours examined in this study.
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Table 4.3: Univariable linear and logistic regression analysis, adjusted for adolescent’s sex and age.

Independent Variables
Autonomy Practices
Structure Practices
Control Practices
Mediators
Health Behaviours
Autonomous Motivation
Controlled Motivation
Covariates
Adolescent Age
Adolescent Sex†

β

Dependent Variables
App Adoption
Minutes of App Usage
95%CI
p-value β
95%CI
p-value

-0.03 (-0.17, 0.11)
-0.06 (-0.20, 0.08)
-0.06 (-0.21, 0.08)

p=0.66
p=0.40
p=0.39

0.23 (0.12, 0.34)
0.13 (0.02, 0.24)
0.17 (0.06, 0.29)

p=0.00
p=0.03
p=0.01

0.17 (0.03, 0.31)
0.01 (-0.13, 0.15)
0.09 (-0.05, 0.22)

p=0.02 0.03 (-0.08, 0.15)
p=0.90 -0.05 (-0.16, 0.07)
p=0.22 0.04 (-0.07, 0.16)

p=0.60
p=0.43
p=0.46

-0.11 (-0.25, 0.03)
0.07 (-0.07, 0.21)

p=0.11 -0.05 (-0.16, 0.07)
p=0.32 0.08 (-0.04, 0.19)

p=0.41
p=0.19

Note: β = Standardized Estimate; 95%CI = 95% Confidence Interval; Bold = p<0.05; †Reference = Male
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4.4
4.4.1

Characteristics Associated with Adolescents’ Adoption of Aim2Be©
Adolescent Characteristics Associated with Adoption of Aim2Be© (Aim IA)
Table 4.4 and Figure 4.1 display the associations between the characteristics of

adolescents (i.e., autonomous motivation, controlled motivation, and health behaviours) and their
adoption of Aim2Be© - adjusted for adolescent’s age and sex.
As shown in Table 4.4, two adolescent characteristics had an effect on Aim2Be©
adoption, namely health behaviours and autonomous motivation. Health behaviours had a
significant and positive direct effect on adoption, where a one standard deviation increase in
adolescent’s health behaviours was associated with an 8% increase in the odds of adopting the
Aim2Be© app. Autonomous motivation had a significant and positive indirect effect on app
adoption via health behaviours, where one standard deviation increase in adolescent’s
autonomous motivation was associated with a 2% increase in the odds of adopting the Aim2Be©
app. With regards to the mediators, both autonomous (β=0.30) and controlled motivation
(β=0.12) were all positively associated with health behaviours, meaning that increases in both
autonomous and controlled motivations were associated with greater engagement in healthy
behaviours. Finally, adolescent’s age was negatively associated with health behaviours
(β=-0.11), meaning that older adolescents engaged in poorer health behaviours compared to
younger adolescents.

46

Table 4.4: Associations between adolescent characteristics and app adoption, adjusted for adolescent’s sex and age (n=371).

Mediators
Health Behaviours
Autonomous Motivation
Controlled Motivation
Covariates
Adolescent Age
Adolescent Sex†

Dependent Variable
App Adoption
Direct Effect
Indirect Effect
OR (95%CI)
OR (95%CI)

Mediator
Health Behaviours
Direct Effect
β (95%CI)

1.08 (1.01, 1.14)
0.96 (0.90, 1.03) 1.02 (1.00, 1.04)1
1.04 (0.97, 1.10) 1.01 (1.00, 1.02)

0.30 (0.20, 0.40)
0.12 (0.02, 0.22)

0.96 (0.91, 1.02)
1.03 (0.98, 1.09)

-0.11 (-0.20, -0.01)
-0.04 (-0.13, 0.06)

Note: OR = Odds Ratio; 95%CI = 95% Confidence Interval; β = Standardized Estimate; Bold = p<0.05; †Reference = Male
Indirect Path: 1) The indirect effect of autonomous motivation occurs via health behaviours.

Figure 4.1: Graphical summary of the associations between adolescent characteristics and app adoption, adjusted for adolescent’s age
and sex (n=371).
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4.4.2

Parenting Practices Associated with Adoption of Aim2Be© (Aim IIA)
Table 4.5 and Figure 4.2 display the associations between autonomy support, structure,

and control practices, with adolescents’ adoption of the Aim2Be© app - adjusted for adolescent’s
age and sex. Table 4.5 also displays the results of the parent sex stratified analyses.

Full Sample
As shown in Table 4.5, no direct effects were observed between parenting practices and
app adoption among the full sample. Additionally, none of the covariates were significantly
associated with app adoption.

Mother and Father Samples
In Table 4.5, no direct effects were observed among the mother and father samples. As
well, none of the covariates were significantly associated with app adoption among both
samples.
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Table 4.5: Total direct effects of parenting practices on adolescents’ app adoption, adjusted for adolescent’s sex and age.

Total Sample
(n=366)
OR (95%CI)
Independent Variables
Autonomy Practices 1.00 (0.93, 1.08)
Structure Practices
0.98 (0.92, 1.05)
Control Practices
0.98 (0.91, 1.05)
Covariates
Adolescent Age
0.95 (0.90, 1.01)
Adolescent Sex†
1.02 (0.96, 1.08)

Dependent Variable
App Adoption
Mothers
(n=239)
OR (95%CI)

Fathers
(n=127)
OR (95%CI)

0.97 (0.88, 1.06)
1.00 (0.92, 1.08)
1.00 (0.91, 1.10)

1.08 (0.95, 1.22)
0.98 (0.87, 1.09)
0.94 (0.83, 1.06)

0.98 (0.90, 1.05)
1.01 (0.94, 1.08)

0.91 (0.82, 1.01)
1.03 (0.94, 1.14)

Note: OR = Odds Ratio; 95%CI = 95% Confidence Interval; Bold = p<0.05; †Reference = Male

Full Sample (n=366) – Father Sample (n=127) – Mother Sample (n=239)

Figure 4.2: Graphical summary of the associations between parenting practices and app adoption, adjusted for adolescent’s age and
sex.
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4.4.3

Mediated Effects Associated with Adoption of Aim2Be© (Aim IIIA)
Table 4.6 displays the associations between parenting practices and adoption of

Aim2Be©, mediated by adolescent characteristics and adjusted for adolescent’s age and sex.
Table 4.7 displays the results of the parent sex stratified analyses. Finally, Figure 4.3 summarizes
the results from Tables 4.6 and 4.7.

Full Sample
As shown in Table 4.6, two adolescent characteristics and one parenting practice had
direct or indirect effects on Aim2Be© adoption, specifically health behaviours, autonomous
motivation, and use of structure parenting practices. Health behaviours had a positive direct
effect on adoption (OR=1.08; p<0.05), where a one standard deviation increase in adolescent’s
health behaviours score was associated with an 8% increase in the odds of adopting the
Aim2Be© app. Autonomous motivation had a positive indirect effect on adoption of Aim2Be©
via adolescent’s health behaviours (OR=1.02; p<0.05), where one standard deviation increase in
adolescent’s autonomous motivation score was associated with a 2% increase in the odds of
adopting the Aim2Be© app. Use of structure parenting practices also had an overall positive
indirect effect on adoption (OR=1.02; p<0.05). However, since none of the specific indirect
paths were significant, the results suggest that it was the combined effect of structure practices
on autonomous and controlled motivation that resulted in an increase in app adoption.
Specifically, one standard deviation increase in structure practices was associated with a 2%
increase in the adolescent’s odds of adopting the Aim2Be© app.
With regards to the mediators, autonomy parenting practices was positively associated
with autonomous motivation (β=0.18; p<0.05) and had a positive indirect association with health
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behaviours (β=0.06; p<0.05). Autonomous motivation was positively associated with health
behaviours (β=0.32; p<0.05). Control parenting practices was positively associated with
controlled motivation (β=0.20; p<0.05), meaning that increased use of controlling practices was
associated with greater controlled motivation. Finally, adolescent’s age was negatively
associated with health behaviours (β=-0.12; p<0.05), which indicated that older adolescents
engaged in poorer health behaviours, as compared to younger adolescents.

Mother and Father Samples
When the analyses were stratified by parent’s sex, difference in the associations emerged
(see Table 4.7 and Figure 4.3). Specifically, among the mother subgroup, the associations
between health behaviours, autonomous motivation, and app adoption remained significant
(ORs=1.11 and 1.01, respectively). These results suggest that adolescents who engaged in
healthy behaviours and had higher levels of autonomous motivation had greater odds of adopting
the Aim2Be© app. The indirect effect between structure parenting practices and adolescent’s app
adoption no longer remained significant. Among the father subgroup, the direct and indirect
associations between health behaviours, autonomous motivation, and structure practices to app
adoption were not significant. Instead, controlled motivation was the only variable that was
positively associated with app adoption (OR=1.13; p<0.05). Specifically, one standard deviation
increase in the adolescent’s controlled motivation score was associated with a 13% increase in
the adolescent’s odds of adoption the app.
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Table 4.6: Associations between parenting practices and adolescent’s app adoption, mediated by adolescent characteristics and
adjusted for adolescent’s sex and age (n=366).
Dependent Variable
App Adoption
Direct Effect
OR (95%CI)

Indirect Effect
OR (95%CI)

Autonomous
Motivation
Direct Effect
β (95%CI)

Mediators
Controlled
Health Behaviours
Motivation
Direct Effect
Direct Effect
Indirect Effect
β (95%CI)
β (95%CI)
β (95%CI)

Independent Variables
Autonomy Practices
1.01 (0.94, 1.08) 1.00 (0.98, 1.01) 0.18 (0.06, 0.29)
-0.04 (-0.17, 0.08) 0.06 (0.02, 0.10)3
1
Structure Practices
0.97 (0.90, 1.03) 1.02 (1.00, 1.04) 0.03 (-0.08, 0.15) 0.22 (0.11, 0.32)
-0.03 (0.00, 0.22) 0.03 (-0.01, 0.08)
Control Practices
0.98 (0.90, 1.05) 1.01 (0.99, 1.03)
0.11 (-0.16, 0.09) 0.02 (-0.00, 0.05)
0.20 (0.10, 0.31)
Mediators
Health Behaviours
1.08 (1.02, 1.15)a
Autonomous Motivation 0.96 (0.90, 1.03) 1.02 (1.00, 1.05)2
0.32 (0.22, 0.42)
b
Controlled Motivation
1.05 (0.99, 1.13)
1.01 (1.00, 1.02)
0.11 (0.00, 0.22)
Covariates
Adolescent Age
0.96 (0.90, 1.02)
0.02 (-0.80, 0.12) 0.05 (-0.05, 0.15) -0.12 (-0.22, -0.02)
Adolescent Sex†
1.02 (0.96, 1.08)
0.10 (-0.00, 0.20) 0.04 (-0.06, 0.13) -0.03 (-0.13, 0.07)
Note: OR = Odds Ratio; 95%CI = 95% Confidence Interval; β = Standardized Estimate; Bold = p<0.05; †Reference = Male; a= Gained statistical
significance when missing cases were included in the model; b= Lost statistical significance when missing cases were included in the model
Indirect Path: 1) Structure parenting practices had an indirect effect on app adoption but no specific indirect paths were identified. 2) The indirect effect
between autonomous motivation and app adoption occurs via health behaviours. 3) The indirect effect between autonomy parenting practices and health
behaviours occurs via autonomous motivation.
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Table 4.7: Associations between parenting practices and adolescent’s app adoption, among mothers and fathers - mediated by
adolescent characteristics and adjusted for adolescent’s sex and age.
Dependent Variable
Autonomous
App Adoption
Motivation
Direct Effect
Indirect Effect
Direct Effect
OR (95%CI)
OR (95%CI)
β (95%CI)
MOTHER SAMPLE (n=239)
Independent Variables
Autonomy Practices
Structure Practices
Control Practices
Mediators
Health Behaviours
Autonomous Motivation
Controlled Motivation
Covariates
Adolescent Age
Adolescent Sex1
Independent Variables
Autonomy Practices
Structure Practices
Control Practices
Mediators
Health Behaviours
Autonomous Motivation
Controlled Motivation
Covariates
Adolescent Age
Adolescent Sex†

0.98 (0.89, 1.07)
0.99 (0.91, 1.07)
1.00 (0.91, 1.09)

0.99 (0.98, 1.01)
1.01 (0.99, 1.04)
1.01 (0.98, 1.03)

1.11 (1.03, 1.19)
0.95 (0.88, 1.03)
1.01 (0.94, 1.10)

1.01 (1.00, 1.06)a1
1.02 (1.00, 1.03)

0.98 (0.91, 1.06)
1.01 (0.94, 1.08)

0.25 (0.13, 0.38)
0.20 (0.07, 0.33)

0.99 (0.96, 1.03)
1.03 (0.99, 1.07)
1.02 (0.99, 1.06)

1.04 (0.93, 1.16)
0.98 (0.87, 1.10)
1.13 (1.01, 1.25)

1.01 (0.98, 1.05)
1.00 (0.99, 1.01)

-0.04 (-0.20, 0.12)
0.07 (-0.08, 0.21)
0.01 (-0.15, 0.16)

0.04 (-0.01, 0.09)
0.05 (-0.01, 0.11)b
0.03 (-0.00, 0.06)

0.31 (0.19, 0.43)
0.15 (0.01, 0.28)

0.04 (-0.09, 0.17)
0.13 (0.01, 0.26)
0.10 (-0.02, 0.23)
0.02 (-0.10, 0.14)
FATHER SAMPLE (n=127)

1.08 (0.95, 1.23)
0.95 (0.84, 1.07)
0.92 (0.86, 1.04)

0.93 (0.84, 1.04)
1.02 (0.93, 1.13)

0.14 (-0.01, 0.28)
0.05 (-0.10, 0.19)

Mediators
Controlled
Health Behaviours
Motivation
Direct Effect
Direct Effect
Indirect Effect
β (95%CI)
β (95%CI)
β (95%CI)

0.27 (0.08, 0.45)
0.01 (-0.18, 0.20)

0.17 (-0.01, 0.35)
0.21 (0.03, 0.39)

-0.10 (-0.22, -0.02)
0.04 (-0.13, 0.07)

-0.09 (-0.29, 0.12)
0.26 (0.08, 0.43)
-0.10 (-0.31, 0.11)

0.09 (0.01, 0.17)2
0.01 (-0.06, 0.08)
0.01 (-0.03, 0.05)

0.34 (0.17, 0.52)
0.04 (-0.14, 0.22)
-0.02 (-0.19, 0.15)
0.12 (-0.05, 0.29)

-0.10 (-0.28, 0.07) -0.21 (-0.38, -0.05)
0.10 (-0.06, 0.27) -0.20 (-0.35, -0.04)

Note: OR = Odds Ratio; 95%CI = 95% Confidence Interval; β = Standardized Estimate; Bold = p<0.05; †Reference = Male; a= Gained statistical significance

when missing cases were included in the model; b= Lost statistical significance when missing cases were included in the model

Indirect Paths: 1) Among mothers, the indirect effect between autonomous motivation and Aim2Be© app adoption occurs via the health behaviours. 2)
Among fathers, the indirect effect between autonomy practices and health behaviours occurs via autonomous motivation.
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Full Sample (n=366)

Indirect Path: 1) Structure parenting practices had an indirect effect on app adoption but no specific indirect
paths were identified (OR=1.02). 2) Autonomous motivation was indirectly associated with app adoption via
health behaviours (OR=1.02). 3) Autonomy parenting practices was indirectly associated with health
behaviours via autonomous motivation ( =0.06).

Mother Sample (n=239)

Indirect Paths: 1) Autonomous motivation had an indirect effect on app adoption via health behaviours (OR=1.01).

Father Sample (n=127)

Indirect Path: 1) Autonomy practices had an indirect effect on health behaviours via autonomous motivation
=0.09).

Figure 4.3: Graphical summaries of the associations between parenting practices and app
adoption, mediated by adolescent characteristics and adjusted for adolescent’s age and sex.
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4.5
4.5.1

Characteristics Associated with Usage of Aim2Be©
Characteristics of Adolescents Associated with Usage of Aim2Be© (Aim IB)
Table 4.8 and Figure 4.4 display the associations between adolescent’s characteristics and

their use of the Aim2Be© app - adjusted for adolescent’s age and sex. As shown in Table 4.8,
none of the individual-level characteristics had an effect (both directly and indirectly) on app
usage. However, autonomous (β=0.28; p<0.05) and controlled (β=0.15; p<0.05) motivations
were both positively associated with health behaviours, meaning that higher autonomous and
controlled motivation levels were associated with greater engagement in healthy behaviours.
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Table 4.8: Associations between adolescent characteristics and minutes of app usage, adjusted for adolescent’s sex and age (n=294).

Mediators
Health Behaviours
Autonomous Motivation
Controlled Motivation
Covariates
Adolescent Age
Adolescent Sex†

Dependent Variable
Mins of App Usage
Direct Effect
Indirect Effect
β (95%CI)
β (95%CI)

Mediator
Health Behaviours
Direct Effect
β (95%CI)

0.04 (-0.08, 0.16)
-0.08 (-0.21, 0.04) 0.01 (-0.02, 0.05)
0.06 (-0.06, 0.18) 0.01 (-0.01, 0.03)

0.28 (0.17, 0.40)
0.15 (0.04, 0.26)

-0.05 (-0.16, 0.07)
0.09 (-0.03, 0.20)

-0.06 (-0.17, 0.05)
-0.08 (-0.18, 0.03)

Note: β = Standardized Estimate; 95%CI = 95% Confidence Interval; Bold = p<0.05; †Reference = Male

Figure 4.4: Graphical summary of the associations between adolescent characteristics and app usage, adjusted for adolescent’s age
and sex (n=294).
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4.5.2

Parenting Practices Associated with Usage of Aim2Be© (Aim IIB)
Table 4.9 and Figure 4.5 display the associations between autonomy support, structure,

and control practices, with Aim2Be© app usage - adjusted for adolescent’s age and sex. Table
4.10 and Figure 4.5 also display the results of the stratified parent sex analyses.

Full sample
As shown in Table 4.9, one parenting practice, namely autonomy support, had a positive
direct effect on app usage (β=0.20; p<0.05). Specifically, one standard deviation increase in
autonomy supportive parenting practices was associated with a 2.30 minute increase in the
adolescent’s use of the Aim2Be© app.

Mother and Father Sample
When the analysis was stratified by parent’s sex, differences in the associations emerged.
In the mother sample, the association between autonomy practices and app usage remained
positive (β=0.24; p<0.05), where one standard deviation increase in autonomy practices was
associated with a 2.72 minute increase in the adolescent’s use of the Aim2Be© app (see Table
4.10 and Figure 4.5). In contrast, among the father subgroup, no significant associations were
observed between parenting practices and adolescent’s app usage.
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Table 4.9: Total direct effects of parenting practices on adolescent’s minutes of app usage, adjusted for adolescent’s sex and age.
Total Sample
(n=292)
β (95%CI)

Dependent Variable
Mins of App Usage
Mothers
(n=190)
β (95%CI)

Fathers
(n=102)
β (95%CI)

Independent Variables
Autonomy Practices
0.20 (0.06, 0.34)
0.24 (0.06, 0.41)
0.09 (-0.17, 0.34)
Structure Practices
0.01 (-0.12, 0.14)
0.01 (-0.14, 0.17)
0.03 (-0.19, 0.25)
Control Practices
0.06 (-0.09, 0.20)
0.03 (-0.15, 0.20)
0.15 (-0.10, 0.40)
Covariates
Adolescent Age
-0.02 (-0.13, 0.10) -0.01 (-0.15, 0.14) -0.05 (-0.24, 0.15)
Adolescent Sex†
0.11 (-0.00, 0.22)
0.13 (-0.01, 0.27)
0.01 (-0.18, 0.20)
Note: β = Standardized Estimate; 95%CI = 95% Confidence Interval; Bold = p<0.05; †Reference = Male
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Full Sample (n=292)

Mother Sample (n=190)

Father Sample (n=102)

Figure 4.5: Graphical summary of the associations between parenting practices and app usage,
adjusted for adolescent’s age and sex.
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4.5.3

Mediated Effects Associated with Usage of Aim2Be© (Aim IIIB)
Table 4.10 displays the associations between parenting practices and Aim2Be© app

usage – mediated by adolescent-level characteristics and adjusted for adolescent’s age and sex.
Table 4.11 also displays the results of the parent sex stratified analyses. Finally, Figure 4.6
summarizes the results of Tables 4.10 and 4.11.

Full Sample
As shown in Table 4.10, one parenting practice and one covariate had positive effects on
app usage, namely autonomy practices (β=0.21; p<0.05) and adolescent’s sex (β=0.12; p<0.05).
Specifically, one standard deviation increase in autonomy parenting practices was associated
with a 2.40 minute increase in the adolescent’s use of the Aim2Be© app. At the same time,
female adolescents used the app for 1.24 minutes more, as compared to male adolescents. No
indirect effects were observed.
With regards to the mediators, autonomy practices (β=0.14; p<0.05) and adolescent’s sex
(β=0.12; p<0.05) were positively associated with autonomous motivation. Structure (β=0.25;
p<0.05) and control practices (β=0.23; p<0.05) were positively associated with controlled
motivation, meaning that increased use of structure and controlling practices were associated
with higher levels of controlled motivation. Finally, both structure practices (β=0.15; p<0.05)
and autonomous motivation (β=0.30; p<0.05) were positively associated with adolescents’ health
behaviours.

Mother and Father Sample
When the analyses were stratified by parent’s sex, differences in the associations
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emerged (see Table 4.11 and Figure 4.6). Within the mother sample, the positive associations
between autonomy practices (β=0.25; p<0.05), adolescent’s sex (β=0.14; p<0.05), and app usage
remained significant. Specifically, one standard deviation increase in autonomy parenting
practices was associated with a 2.83 minute increase in app usage. Additionally, female
adolescents were associated with a 1.79 minutes increase in total app usage, compared to male
adolescents. In contrast, within the father subgroup, no direct or indirect effects were observed
with regards to app usage.
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Table 4.10: Associations between parenting practices and minutes of app usage, mediated through adolescent characteristics and
adjusted for adolescent’s sex and age (n=292).
Dependent Variable
Minutes of App Usage
Direct Effect
β (95%CI)

Indirect Effect
β (95%CI)

Autonomous
Motivation
Direct Effect
β (95%CI)

Mediators
Controlled
Health Behaviours
Motivation
Direct Effect
Direct Effect
Indirect Effect
β (95%CI)
β (95%CI)
β (95%CI)

Independent Variables
Autonomy Practices
0.21 (0.07, 0.36) -0.01 (-0.03, 0.01) 0.14 (0.01, 0.27)
-0.03 (-0.17, 0.11) 0.04 (0.00, 0.08)
Structure Practices
0.02 (-0.12, 0.15) -0.00 (-0.04, 0.03) 0.07 (-0.06, 0.20) 0.25 (0.13, 0.36) 0.15 (0.03, 0.27) 0.05 (-0.00, 0.10)b
Control Practices
0.06 (-0.09, 0.20) 0.00 (-0.03, 0.03)
0.23 (0.11, 0.35) 0.01 (-0.13, 0.15) 0.03 (-0.01, 0.06)
Mediators
Health Behaviours
0.03 (-0.09, 0.15)
Autonomous Motivation -0.10 (-0.22, 0.03) 0.01 (-0.03, 0.04)
0.30 (0.19, 0.41)
Controlled Motivation
-0.01 (-0.13, 0.12) 0.00 (-0.01, 0.02)
0.11 (-0.01, 0.23)
Covariates
Adolescent Age
-0.02 (-0.13, 0.10)
-0.02 (-0.14, 0.09) 0.06 (-0.06, 0.17) -0.06 (-0.17, 0.05)
Adolescent Sex†
0.12 (0.01, 0.24)
0.12 (-0.14, 0.09) 0.06 (-0.05, 0.17) -0.06 (-0.17, 0.05)
Note: β = Standardized Estimate; 95%CI = 95% Confidence Interval; Bold = p<0.05; †Reference = Male; b= Lost statistical significance when missing
cases were included in the model
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Table 4.11: Associations between parenting practices and minutes of app usage among mothers and fathers - mediated through
adolescent characteristics and adjusted for adolescent’s sex and age.
Dependent Variable

Mediators
Autonomous
Controlled
Minutes of App Usage
Health Behaviours
Motivation
Motivation
Direct Effect
Indirect Effect
Direct Effect
Direct Effect
Direct Effect
Indirect Effect
β (95%CI)
β (95%CI)
β (95%CI)
β (95%CI)
β (95%CI)
β (95%CI)
MOTHER SAMPLE (n=190)
Independent Variables
Autonomy Practices
Structure Practices
Control Practices
Mediators
Health Behaviours
Autonomous Motivation
Controlled Motivation
Covariates
Adolescent Age
Adolescent Sex†

0.25 (0.07, 0.42)
0.02 (-0.14, 0.18)
0.03 (-0.14, 0.21)

-0.01 (-0.03, 0.01)
-0.01 (-0.05, 0.04)
-0.00 (-0.03, 0.03)

-0.02 (-0.17, 0.13)
-0.09 (-0.24, 0.07)
-0.00 (-0.16, 0.15)

-0.01 (-0.05, 0.04)
-0.00 (-0.02, 0.02)

-0.01 (-0.16, 0.14)
0.14 (0.00, 0.28)

0.11 (-0.05, 0.27)
0.06 (-0.11, 0.22)

0.27 (0.13, 0.41)
0.20 (0.05, 0.35)

-0.04 (-0.18, 0.11) 0.10 (-0.04, 0.24)
0.11 (-0.03, 0.25)
0.02 (-0.11, 0.16)
FATHER SAMPLE (n=102)

0.03 (-0.14, 0.19)
0.12 (-0.03, 0.27)
0.06 (-0.11, 0.22)

0.03 (-0.02, 0.09)
0.06 (-0.01, 0.12)b
0.03 (-0.01, 0.07)

0.31 (0.18, 0.44)
0.15 (-0.00, 0.29)
0.00 (-0.14, 0.14)
0.02 (-0.11, 0.15)

Independent Variables
Autonomy Practices
0.10 (-0.16, 0.36) -0.01 (-0.07, 0.04) 0.20 (-0.00, 0.41)
-0.14 (-0.38, 0.09) 0.06 (-0.01, 0.14)
Structure Practices
0.02 (-0.21, 0.25)
0.01 (-0.06, 0.08)
0.08 (-0.13, 0.29) 0.19 (0.00, 0.48)a
0.04 (-0.04, 0.12)
0.24 (0.04, 0.43)
Control Practices
0.14 (-0.12, 0.40)
0.01 (-0.06, 0.08)
0.31 (0.09, 0.43) -0.05 (-0.29, 0.20) 0.02 (-0.04, 0.09)
Mediators
Health Behaviours
0.03 (-0.18, 0.24)
Autonomous Motivation -0.05 (-0.27, 0.17) 0.01 (-0.06, 0.08)
0.32 (0.13, 0.50)
Controlled Motivation
0.03 (-0.19, 0.25)
0.00 (-0.01, 0.02)
0.07 (-0.13, 0.27)
Covariates
Adolescent Age
-0.04 (-0.24, 0.16)
0.02 (-0.17, 0.21) -0.01 (-0.19, 0.17) -0.19 (-0.37, -0.01)
0.02 (-0.18, 0.22)
0.17 (-0.02, 0.35)
0.17 (-0.00, 0.35) -0.25 (-0.43, -0.08)
Adolescent Sex†
†
Note: β = Standardized Estimate; 95%CI = 95% Confidence Interval; Bold = p<0.05; Reference = Male; a= Gained statistical significance when missing cases
were included in the model; b= Lost statistical significance when missing cases were included in the model
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Full Sample (n=292)

Mother Sample (n=190)

Father Sample (n=102)

Figure 4.6: Graphical summaries of the associations between parenting practices and app usage,
mediated by adolescent characteristics and adjusted for adolescent’s age and sex.
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Chapter 5: Discussion
The purpose of this study was to examine the associations between adolescent-level
characteristics and parenting practices with adolescents’ adoption and usage of the Aim2Be©
app. A novel aspect of this study was that differences in the effects of parenting practices were
examined between mothers and fathers through stratified analyses. Results indicated that not
only are adolescent characteristics associated with app adoption, but parenting practices also had
an indirect and direct effect on app adoption and usage, respectively. Furthermore, the
mechanisms through which parenting practices influenced adolescents’ adoption and usage of
the Aim2Be© app were not the same in the mother and father samples. Overall these findings
provide evidence to suggest that both individual-level characteristics and parenting practices
influenced app adoption and usage. Importantly, these results highlight that to increase user
engagement, intervention planners should take these characteristics into consideration when
developing e-health interventions aimed at changing obesity-related behaviours.

5.1

The Associations of Adolescent Characteristics with Adoption & Usage of the

Aim2Be© App
Within this study, adolescent characteristics (i.e., autonomous motivation, controlled
motivation, and health behaviours) were examined to determine whether they were directly or
indirectly associated with app adoption and usage. It was hypothesized that high levels of
autonomous or controlled motivation, along with poor health behaviours, would be associated
with adoption and greater app usage; the study results however, only partially supported these
hypotheses. Specifically, autonomous motivation and health behaviours were found to be
indirectly and directly associated with app adoption, respectively. Though controlled motivation

65

did not have a direct effect on app adoption in this model (Aim IA), it was implicated in the
indirect effect between structure practices and app adoption, when parenting practices were
included (Aim IIIA). In contrast, no associations were observed between adolescent
characteristics and app usage (Aim IB & Aim IIIB). Overall, these findings provided greater
insight into the characteristics of Aim2Be© app users, details of which are explained in further
detail below.
One major finding of this study was that adolescents who had better health behaviours
and were more autonomously motivated were more likely to adopt the Aim2Be© app. Predictors
of app adoption have mainly been examined among adults (30, 32, 146) with the exception of
one study that examined willingness to use e-health interventions among adolescents (105).
Studies conducted in adults have found that individuals with better health behaviours (30, 32)
and higher motivation (146) were more likely to adopt e-health interventions. These associations
were also observed in this thesis, indicating that adolescents who may have benefited the most
from this program (i.e., adolescents with poor health behaviours and/or low motivation to engage
in healthy behaviours) were not accessing the app. However, the one study conducted in
adolescents contradicted the results of this thesis, as they reported that poorer health behaviours
and high BMI levels were associated with increased willingness to use e-health interventions
(105). Importantly, the study with contradicting findings differed in the following ways from this
thesis: 1) it focused on willingness to use e-health interventions for health promoting purposes,
rather than examining actual adoption, and 2) it also recruited adolescents in the healthcare
context and not from the general population. Consequently, sampling from a healthcare context
may have biased the responses of the adolescents towards increased willingness to use an ehealth lifestyle behaviour modification, which may or may not have translated into actual
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adoption. Based on the findings of the study, it appears that gaining a greater understanding of
how individual-level characteristics are associated with app adoption is important to ensure that
the sub-population of adolescents who may have benefited the most from using the Aim2Be©
app are in fact, accessing the app.
Another key finding of this study was that adolescents’ characteristics were associated
with app adoption, but they were not associated with app usage. One possible reason for this
might be because those who are not motivated have already opted to not adopt the app; as a
result, other factors likely explain app usage. One possible reason may be that while those who
adopted the app were more motivated and had healthier lifestyle behaviors, their continued use
of the app may be determined, in part, by app features. Meaning the extent to which the app
aligns with their personal values would explain their continued use. Perski et al. (146) noted that
among a handful of studies, lack of personal relevance was a deterring factor for participants to
use e-health interventions. Therefore, it has been suggested that to improve user engagement, ehealth interventions need to include persuasive design techniques, in order to better
accommodate and match the needs and preferences of the target population (147-149). Another
plausible explanation as to why adolescents’ characteristics were not associated with app usage,
may be related to how app usage was operationalized. In this study, app usage was measured as
the total number of minutes that the adolescent spent using the app, which provided an overview
of the adolescent’s total exposure to the intervention. However, one major limitation of this
methodology is that patterns of app usage cannot be differentiated among the study sample.
Specifically, while the results provided some insight about the quantity of usage, little
information was provided regarding the quality of that usage. Patterns of usage better reflect the
time, frequency, and intensity of a user’s engagement with the intervention (103), thereby
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providing researchers with the opportunity to differentiate users based on engagement profiles
and identify predictors of app engagement (150). Overall, identifying factors that are associated
with long-term intervention use can provide indication as to whether the intervention is best
suited to the target population and if modifications are necessary to promote long-term use.
With regards to the study covariates, adolescent’s age and sex were not significantly
associated with app adoption. In contrast however, adolescent sex was a significant covariate for
app usage, when parenting practices were mediated by adolescent characteristics. Similar to past
studies among both adolescents (106, 108) and adults (32, 34, 36, 104, 151), these findings
indicated that female adolescents used the Aim2Be© app more than male adolescents. One
possible reason for why female adolescents used the app more may be because they found the
app more personally relevant, as past studies have found that females are more likely to seek out
health information online, compared to males (152, 153). Age was not found to be significantly
associated with app adoption nor usage, which is inconsistent with past studies (37, 106, 107).
One possible reason as to why no associations were observed, may be due to the age range of the
study sample. This study included adolescents between the ages of 13-17 years, while past
studies have examined adolescents from a wider range (11-16 years) (37) or older adolescents
(15-19 years) (106, 107). Therefore, variability in maturity levels may not have been captured in
this study. Overall, understanding the influence of age and sex can provide greater insight into
determining whether the app is engaging for adolescents of various demographics.

5.2

The Associations of Parenting Practices with Adoption and Usage of the Aim2Be©

App
Autonomy supportive, structure, and control parenting practices were examined in this
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study to determine whether they were directly or indirectly (via adolescent characteristics)
associated with app adoption and usage. It was hypothesized that positive parenting practices,
namely autonomy supportive and structure practices, would be directly and indirectly associated
with app adoption, as well as usage. Results partially supported these hypotheses; specifically,
among the full study sample, structure parenting practices were indirectly associated with app
adoption. With regards to app usage, autonomy supportive parenting practices were found to be
directly associated and this effect was only present within the mother sample, when stratified
analyses were completed. Overall these findings provide evidence to support the idea that
parenting practices had a partial effect on adolescent’s adoption and usage of the Aim2Be© app.
The social and physical environments play an influential role in e-health intervention
(146, 154) and treatment contexts (21, 155), the household environment is a key target and
necessary to support behaviour change among adolescents. However, the extent to which the
household environment influences adolescents’ adoption and/or use of e-health interventions has
received little attention, except in one study (37). Mâsse et al. (37) found that overweight and
obese adolescents who lived in a household environment that had better family breakfast
practices or had greater access to sugar-sweetened beverages, were more likely to use certain
functionalities of the “MySteps©” e-health intervention. Consistent with Mâsse et al. (37), it
appears that parenting practices or being in an environment that supports healthy behaviours
motivated adolescents to adopt the Aim2Be© app. However, structure parenting practices
unexpectedly had an indirect effect on app adoption via both autonomous and controlled
motivation. Based on SDT, one would expect that parenting practices would influence app
adoption through autonomous motivation, by facilitating satisfaction of the adolescent’s basic
psychological needs (64). However, results indicate that controlled motivation is also implicated
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in the mechanism. While this appears inconsistent, past studies have found that both autonomous
and controlled motivation were positively associated with adolescent’s health behaviours (67, 68,
70). Thus, there is evidence to suggest that both forms of motivation have the potential to
influence adolescent’s adoption of the Aim2Be© app via health behaviours. Additionally, the
mechanisms of app adoption were evaluated during a transitional period of the adolescent’s
development, where autonomous motivation is likely emerging. Specifically, adolescents can
become autonomously motivated when their identity and values of living a healthy lifestyle have
matured; thereby allowing the adolescent to fully internalize these values (156). However, while
the process through which adolescents become autonomously motivated is unclear, adolescents
may transition from controlled to autonomous motivation in a structured household environment,
where their innate need of competence is satisfied (156) and their values and identity mature.
This may explain why structure parenting practices had an indirect effect on app adoption via
both autonomous and controlled motivation. Overall, these findings provide indication that
understanding how the physical and social environments influence app adoption can provide
greater insight into the types of supportive environments that are needed to help adolescents
engage with e-health interventions.
In contrast to app adoption, parenting practices had a direct effect on app usage;
specifically, autonomy supportive parenting practices were positively associated. This is a new
finding within the literature, as the direct association between parenting practices and
intervention use have not been previously examined. One possible reason why this association
was observed in this study, may be due to the fact that parents who utilize more autonomy
supportive parenting practices may have created an environment that supported and primed
adolescents to modify their health behaviours. Specifically, autonomy supportive practices, such
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as education and encouragement of self-exploration, provide opportunities for both the parent
and adolescent to engage in discussions concerning healthy living. Thus, if adolescents feel that
they are supported by their parents and have the autonomy to change their health behaviours,
they may be more likely to use the app, in order to facilitate and guide these behaviour changes.
These claims are consistent with the literature, as one study in particular, found that adolescents’
perceived autonomy support from parents was associated with their perceived behavioural
control to eat healthy (157). In contrast, household environments that are controlling in nature,
may not provide adolescents with leeway or the opportunity to express their values and needs
with regards to changes of their lifestyle behaviours. Thus, adolescents may be deterred from
using the app, as the household environment is not conducive towards supporting the
adolescent’s behaviour changes. Overall, these results indicate that future studies should look
into addressing the issues of the household environment, such as providing behaviour change
strategies that parents can easily implement in their family to help support their adolescents, as a
means to promote long-term engagement with the Aim2Be© app.
The results from the stratified analyses indicated that the mechanisms of association
changed in the mother sample versus the father sample. The key difference being that
autonomous processes drove the relationship in the mother sample, whereas controlled processes
drove the relationship in the father sample. Specifically, among the mother sample, app adoption
was associated with adolescent’s health behaviours and autonomous motivation, while app usage
was associated by autonomy supportive practices. Among the father sample however, only app
adoption was associated with adolescents’ controlled motivation. These results may, in part, be
reflective of the differences in how mothers and fathers rear their adolescents with respect to
obesogenic behaviours. Specifically, parental expectations with regards to obesogenic

71

behaviours may differ based on parents’ gender. Within the literature, studies has found that
fathers used more controlling practices with regards to adolescent’s physical activity and dietary
behaviours (158). Mothers, on the other hand, were more inclined to use different supportive
practices (158, 159), which have been found to support autonomous processes. Additionally,
these changes in associations may stem from differences in the parent-adolescent relationships,
where differences in the strength of the relationship may affect how adolescents integrate their
parent’s values. For example, past studies found that interpersonal factors (e.g., parent’s
motivation, attitudes, and expectations) were positively associated with adolescent’s motivation
and obesogenic behaviours (66, 160, 161). Moreover, one study found that the influence of the
interpersonal factors on adolescent’s sugar-sweetened beverage intake differed between mothersadolescent and father-adolescents dyads (161). Specifically, mothers’ autonomous motivation
was significantly associated with adolescents’ sugar-sweetened beverage intake, while no
significant associations were observed among the father-adolescent dyads. These results suggest
that mothers and fathers not only have different influences over adolescent’s health behaviours,
but these differences also vary depending on the health behaviour being examined. Overall, the
findings of this study indicate that more research is required to better understand the role and
influence of dyadic relationships with regards to app adoption and usage.
Lastly, though the results of the stratified analyses indicated that the mechanisms differed
when the mother sample was compared to the father sample, there was limited evidence to
suggest that the influence of parenting practices was mediated by adolescents’ characteristics; as
was hypothesized in this study. Specifically, autonomy supportive practices did not influence app
adoption and/or usage via the adolescent’s autonomous motivation, while controlling parenting
practices did not influence app adoption and/or usage via the adolescent’s controlled motivation.
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One possible explanation as to why no mediating effects were observed, may be that the
household context cannot be fully explained by parenting practices alone; rather indicators of the
quality of the parent-adolescent relationship may need to be taken into account. For example, the
emotional climate of the household environment (e.g., parenting style) was not taken into
consideration. Consequently, these contextual variables may better explain how adolescents
interpret the parenting practices employed by their parents. Within the literature, parenting styles
have been found to influence adolescent’s obesogenic behaviours (87, 89, 162-165), where
authoritative parenting style (define by high levels of demandingness and responsiveness) are
often associated with adolescent engagement in positive health behaviours. Additionally,
evidence from past studies suggest that parenting styles significantly moderate the effects of
parenting practices on adolescent’s dietary behaviours and physical activity levels (166, 167).
Thus, future studies may consider measuring other aspects of the household environment, such
as parenting style, to further elucidate the mechanisms through which the household environment
influences intervention usage.

5.3
5.3.1

Study Limitations & Strengths
Limitations
Though this study provided novel findings, several limitations need to be taken into

consideration. First, the drop off rate within the Aim2Be© app was high among our study
sample; a commonly reported issue for many e-health interventions (27, 28, 111). Specifically,
only 60% of the adolescents who adopted the app (n=176) were using it after the first week of
the intervention. Moreover, the majority of the time adolescents spent using the app was
completed within the first few days after they downloaded the app. Due to the sharp decline in
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app usage, this study may have faced a lack of statistical power, which would have made it
difficult to detect any statistically significant differences between short- and long-term app users.
Additionally, these results provide indication that other unmeasured factors may have influenced
adolescents’ adoption and usage of the Aim2Be© app. For example, during beta testing of the
Aim2Be© apps (versions 2.1 and 2.2), adolescents were split on whether they viewed the app to
be engaging. Specifically, about half of the sample enjoyed the app and wanted to continue using
it, while the other half of the sample did not enjoy the app and could not see themselves using it
(168, 169). In addition, adolescents who enjoyed the app tended to be younger and female (168,
169). Therefore, due to the sample used in this study, lack of app enjoyment may explain the
sharp decline in app usage, as it can be difficult to create an app that is engaging for a broad
sample. Finally, since a preliminary version of the app was evaluated, the contents and resources
of the program were not fully developed to accommodate families from diverse cultural
backgrounds or individuals who do not read or speak English. Consequently, some adolescents
may not have been able to understand or relate to the app, which may have also influenced the
results of the study.
Additionally, it is highly likely that adolescents’ app usage may have been influenced by
whether they encountered any app glitches, where adolescents may have dropped out
prematurely due to these technical difficulties. Unfortunately, this study was unable to determine
how many individuals were affected by these issues.
Within this study, adolescent’s sex was controlled for within the analyses, while stratified
analyses were conducted based on parent’s sex. However, it is likely that gender may better
explain the individual and parenting differences between adolescents who adopted and used the
app, as parenting practices and adolescent’s health behaviours are both influenced by parent’s
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and adolescent’s gender (164, 170, 171). However, since parent’s gender was not collected
within the baseline assessment, and there were a handful of adolescents who did not report their
gender, sex was used as a proxy measure.
Finally, the baseline questionnaire data used in this study may have been subjected to
social desirability and recall bias, thereby threatening the study’s internal validity due to
inaccurate responses. Specifically, if adolescents lacked insight into their health behaviours, they
may have overestimated their physical activity levels and fruit and vegetable intake, while
underestimating their sedentary behaviours and sugar-sweetened beverages intake. Though
validated questionnaires were used, many had to be modified and/or shortened for the purposes
of this study; consequently, the sensitivity of these questionnaires may have been reduced.
Additionally, the data acquired from the baseline assessment was cross-sectional. Since health
behaviours, motivation, and parenting practices are dynamic and may change over time, the
study analyses were unable to take this into account.

5.3.2

Strengths
This study provides a unique perspective of app usage and adoption predictors to the

existing e-health literature. Firstly, this study examined individual and household associations
with app adoption and usage among adolescents. Though past studies have identified
characteristics of e-health intervention users, the overwhelmingly large majority of these studies
examined this among adult populations (30-34, 36, 104, 172), with only a handful of studies
examining an adolescent population (37, 106, 107). Additionally, among health promoting
interventions, predictors of e-health intervention uptake has also not been extensively examined
among adolescents (105), therefore the findings of this study helped to fill an important gap
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within the literature. Secondly, this study not only examined the influence of the household
environment on app adoption and usage, but it was one of the first to examine whether the
mechanisms differed within a mother and father sample.
One major strength of this study was that the outcome variables were measured
objectively using web-analytics data, rather than relying on self-reported measurements. This
provided a more accurate depiction of the time adolescents used the Aim2Be© app and mitigated
against measurement bias, where participants may have overestimated the time they spent using
the app.
Another strength of the study was the study sample itself. Specifically, the adolescent
sample was evenly split based on sex – unlike in many past studies, where females were
overrepresented (33, 34, 36, 104). Thus, the risk of sampling bias was mitigated against, as the
sample demographics were fairly representative of the general Canadian population, as the
distribution of adolescent ethnicity, household structure, and household income among the study
sample were similar to the distribution reported in the 2016 Canadian Census (173-176).
Therefore, these results may be generalized to other Canadian families.

5.4

Study Implications and Future Directions
By analyzing patterns of app adoption and usage, the findings of this study provided

greater insight into the individual-level and household-level characteristics of adolescents who
are accessing and using the Aim2Be© app. Thus, these results can inform future intervention
modifications, in order to improve user engagement by ensuring the app is well designed and
suited to the target audience. Examples of intervention modifications that have been found to be
efficacious within the literature include: increasing interactivity of the app (e.g., prompting users
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to track their behaviours within the app and providing feedback and recommendations based on
their inputs) (148, 177), tailoring the contents of the app based on user’s profiles (e.g., current
health behaviours and motivation-styles, health knowledge, or parenting practices) (177), as well
as making the app more engaging to adolescents (e.g., ensuring that the app design is appealing
and rewards are meaningful to adolescents) (178-180). These results also fill a critical gap within
the literature, as adolescents are the ideal target audience for health promotion interventions.
Therefore, by understanding how the household environment and intrapersonal characteristics
can influence intervention uptake and use, future e-health interventions can plan to mitigate
against potential barriers, as a means to improve intervention effectiveness.
Based on these implications, the following recommendations are made for future studies.
First, future studies should look into determining whether the findings presented in this study are
similar among other study populations. Since a general population sample was used in this study,
it would be beneficial to determine whether different predictors are found among a treatment
population (i.e., adolescents who are overweight or obese), since it has been argued that
overweight/obese individuals who perceive their BMI as a health risk, may be more prepared to
take action and change their behaviours to better manage their weight (33, 181).
Second, future studies should look into differentiating users based on their engagement
profiles, in order to determine: i) whether individual and household characteristics differ between
user profiles; and ii) identify app characteristics and/or functionalities that are associated with
long term use and user engagement. By examining whether certain components of the program
were engaging, researchers will gain a better understanding of why certain adolescents did not
adopt nor use the app for an extended period of time; a research area of high priority as stated by
Pagoto and Appelhans (109). Specifically, these results will help to determine whether the design
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of the app or other potential factors that would better explain adolescents’ adoption and usage of
the Aim2Be© app. Additionally, by examining the breadth and depth of use completed by
participants, researchers will have the opportunity to determine whether app design moderates
the relationship between individual- and household-level predictors and app usage. Finally, by
examining engagement profiles, researchers can also identify which app characteristics and/or
functionalities are associated with effective behaviour change, and determine whether a doseresponse relationship exists within the intervention (103).
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Chapter 6: Conclusion
Predictors of e-health intervention use have been extensively examined among adults
within the literature (30-36, 104, 172). Among adolescents, however, only a few studies have
identified predictors of intervention use (37, 106, 107). Thus, to address this gap within the
literature, this study identified both individual- and household-level characteristics that were
associated with app adoption and usage, among a sample of Canadian adolescents. Aspects of
this study that provided novel contributions to the existing literature include: i) the examination
of the influence of the household environment, as well as ii) determining whether associations
were similar in a sample of mothers and fathers.
Highlights of the study findings include: i) adolescents who were autonomously
motivated and engaged in healthier behaviours had greater odds of adopting Aim2Be©; ii) the
household environment, specifically autonomy supportive parenting practices, was positively
associated with app usage; and iii) different mechanisms exist in the mother versus father
samples, with regards to the associations between parenting practices and adolescents’ adoption
and usage of the Aim2Be© app.
Identifying patterns of intervention adoption and use can help program developers make
informed decisions with regards to intervention modifications as a means to improve user
engagement and program reach. Thus, the findings of this study suggest that future e-health
interventions need to ensure that the app is designed to reach and engage users, especially
potential users who may benefit the most from using the program. As well, the influence of the
household environment also needs to be taken into consideration to ensure that the program
satisfies the needs of the target audience. Due to the limitations of this study, future research is
required to further elucidate the mechanisms through which the household environment
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influences app usage, as well as to determine whether modifying the intervention to a specific
sub-population of adolescents (i.e., overweight and obese adolescents) would results in higher
rates of app adoption and usage.
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Appendices
Appendix A
Table A.1: Evaluation questionnaires administered to the study participants through Research Electronic Data Capture (REDCap) at baseline. Only
the questions in which the responses were analyzed in this study are displayed below.
Construct

Motivation for healthy eating
(eating fruits and vegetables and limiting
sugary drinks and junk food)

Motivation for limiting electronic device
usage

Motivation for being physically active

Physical activity behaviours

Survey Items
There are many reasons why people eat fruits and vegetables every day. Select how much you agree or disagree with each statement:
[Strongly agree, Agree, Neutral, Disagree, Strongly disagree]
a) I simply enjoy eating a variety of fruits and vegetables
b) I would feel bad about myself if I didn’t eat enough fruits and vegetables
c) Others would be upset with me if I didn’t eat enough fruits and vegetables
d) It is personally important to me to eat enough fruits and vegetables
There are many reasons why people limit how much junk food and sugary drinks they have. Select how much you agree or disagree
with each statement:
[Strongly agree, Agree, Neutral, Disagree, Strongly disagree]
a) I simply don’t like the taste of many junk food items or sugary drinks
b) I would feel bad about myself if I didn’t limit junk food and sugary drinks
c) Others would be upset with me if I didn’t limit junk food and sugary drinks
d) It is personally important to me to limit junk food and sugary drinks
There are many reasons why people limit the amount of time they spend using electronic devices (e.g., computer, phone, tablet, TV,
video games) in their free time. Select how much you agree or disagree with each statement:
[Strongly agree, Agree, Neutral, Disagree, Strongly disagree]
a) I simply don’t enjoy spending too much time using electronic devices
b) I would feel bad about myself if I didn’t limit the time I spend using electronic devices
c) Other would be upset with me if I didn’t limit the time I spend using electronic devices
d) It is personally important to me that I limit the time I spend using electronic devices
There are many reasons why people are physically active. Select how much you agree or disagree with each statement:
[Strongly agree, Agree, Neutral, Disagree, Strongly disagree]
a) I simply enjoy being physically active
b) I would feel bad about myself if I wasn’t physically active
c) Others would be upset with me if I wasn’t physically active
d) It is personally important to me to be physically active
Physical activity is any activity that increases your heart rate and makes you get out of breath at least some of the time. Physical
activity can be done in sports, school activities, playing with friends, or walking to school or other places. Examples of physical
activity are running, brisk walking, skating, biking, dancing, skating, skateboarding, swimming, soccer, basketball, football among
others.
For the next questions, we would like to know about the physical activity you have done over the past 7 days. Remember:
 There are no right or wrong answers – this is NOT a test!
 Please answer all questions as honestly and accurately as you can – this is very important
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Construct

Survey Items
Think about the physical activity that you did on each of the past 7 days. For each of the questions below, mark how many minutes
of physical activity you did on each day, and which activitie(s) you did…
[None, 1 to 14 minutes, 15 to 29 minutes, 30 to 59 minutes, 1 to 2 hours, More than 2 hours]
a) Monday
b) Tuesday
c) Wednesday
d) Thursday
e) Friday
f) Saturday
g) Sunday
Physical activity can be done in sports, school activities, playing with friends, or walking to school or other places. Physical
activities include running, brisk walking, skating, biking, dancing, skateboarding, swimming, soccer, basketball, football or any
other activities that increase your heart rate and makes you get out of breath at least some of the time.
[Following questions are linked to responses from the previous question]
a) [Ask if 4a is > than none] Which activitie(s) did you do on Monday?
b) [Ask if 4b is > than none] Which activitie(s) did you do on Tuesday?
c) [Ask if 4c is > than none] Which activitie(s) did you do on Wednesday?
d) [Ask if 4d is > than none] Which activitie(s) did you do on Thursday?
e) [Ask if 4e is > than none] Which activitie(s) did you do on Friday?
f) [Ask if 4f is > than none] Which activitie(s) did you do on Saturday?
g) [Ask if 4f is > than none] Which activitie(s) did you do on Sunday?
RESPONSE FORMAT: (select all that apply)
o Active games: chase tag, hopscotch, hide and seek
o Active video games (dance-dance revolution)
o Ball playing: four square, dodge ball, kickball
o Basketball
o Baseball/Softball
o Bicycling
o Bicycling to or from school
o Cross-country skiing
o Dance: ballet, hip hop
o Exercise: push-ups, sit-ups, weight lifting
o Golf
o Gymnastics: bars, beam, tumbling, trampoline
o Hockey: ice, floor, field, ringette
o Jogging/Running
o Martial arts: karate, tae kwon do
o Racket sports: badminton, tennis, paddleball
o Skateboarding/scooter (non-motorized)
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Construct

Survey Items
o
o
o
o
o
o
o
o
o

Skating: ice, inline
Soccer/Football
Skiing / snowboarding
Swimming
Volleyball
Yoga / Pilates
Walking
Walking to or from school
Other specify______________

To help set-up the next questions, please indicate what day today is:
[Monday, Tuesday, Wednesday, Thursday, Friday, Saturday, Sunday]

Sedentary behaviours

The next questions will ask about your time spent resting and sitting and we want you think only about what you did this past
SATURDAY. How much time did you spend:
[None, 15 min, 30 min, 1 hour, 1.5 hours, 2 hours, 2.5 hours, 3 hours, 3.5 hours, 4 or more hours]
a) Watching movies, TV shows or sports on any screens this past SATURDAY (such as TV, computer, tablet, mobile devices)
b) Playing computer or video games this past SATURDAY
c) Using a computer, tablet or mobile device outside of [ADOLESCENT = school work / PARENT = paid work or school
work] this past SATURDAY (such as surfing the internet, Facebook) Do NOT count activities you already reported on.
d) Talking or texting on a cell phone this past SATURDAY
Now, we will ask the same questions except we want you to think about the activities you did on <last weekday – pre-filled based on
question 1 from health behaviours set-up construct. For example, if today is Monday we want the participant to think about last
Friday. Or if today is Tuesday, think about Monday>. How much time did you spend:
[None, 15 min, 30 min, 1 hour, 1.5 hours, 2 hours, 2.5 hours, 3 hours, 3.5 hours, 4 or more hours]
a) Watching movies, TV shows or sports on any screens on <last weekday> (such as TV, computer, tablet, mobile devices)
b) Playing computer or video games on <last weekday>
c) Using a computer, tablet or mobile device outside of [ADOLESCENT = school work / PARENT = paid work or school
work] on <last weekday> (such as surfing the internet, Facebook – Do NOT count activities you already reported on)
d) Talking or texting on a cell phone on <last weekday>
The next questions will ask about the foods you ate or drank in the past 7 days.

Dietary behaviours

In the last 7 days, how often did you drink 100% fruit juice such as apple or orange juice? DO NOT count punch, Kool-Aid, sports
drinks, fruit cocktails or fruit-flavored drinks.
[None, 1-3 times in the past 7 days, 4-6 times in the past 7 days, 1 time per day, 2 times per day, 3 times per day, 4 or more
times per day]
In the last 7 days, how many times did you drink a regular soda or pop that contains sugar? DO NOT count diet sodas or diet drinks.
[None, 1-3 times in the past 7 days, 4-6 times in the past 7 days, 1 time per day, 2 times per day, 3 times per day, 4 or more
times per day]
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Construct

Survey Items
In the last 7 days, how many times did you drink fruit-flavored drink (such as Kool-aid®, Sunny D®, or lemonade), sports or high
energy drinks (such as Gatorade®, Red Bull®), blended sweetened tea or coffee drinks (such as iced tea, Starbucks® latte or
frappucino®, Chai tea), or other sweetened drinks? DO NOT count 100% fruit juices and diet drinks.
[None, 1-3 times in the past 7 days, 4-6 times in the past 7 days, 1 time per day, 2 times per day, 3 times per day, 4 or more
times per day]
The next questions ask about how many servings of fruits and vegetables you ate yesterday. Use the examples below as a guide when
you answer these questions.
1 serving of FRUIT could be:
1 serving of VEGETABLES could be:
 1 medium apple or orange
 ½ cup of broccoli
 1 medium banana
 1 large carrot
 1 large plum
 1 cup of raw spinach
 ½ cup of berries
 1 cup of raw lettuce
 20 cherries
 ½ cup of sweet potatoes
 20 grapes
 ½ cup of green beans
 ¼ cup of dried fruit
 4 Brussels sprouts
Yesterday how many servings of fruit (including fresh, frozen, canned, and dried fruit) did you eat? Do not count 100% fruit juice.
[None – 4 or more servings (in 0.5 serving increments)]
Yesterday how many servings of vegetables (including fresh, frozen or canned) did you eat? Do not count 100% vegetable juice or
fried potatoes.
[None – 4 or more servings (in 0.5 serving increments)]

Parenting practices surrounding healthy
eating

The next part of the survey asks you to think about your teen’s eating habits.
[Strongly agree, Agree, Neutral, Disagree, Strongly disagree]
a) I have to make sure that my teenager eats enough fruits and vegetables
b) I buy fruits and vegetables for my teenager
c) I try to eat fruits and vegetables when my teenager is around
d) I encourage my teenager to try different kinds of fruits and vegetables
e) My teenager and I decide together how many fruits and vegetables he/she has to eat
f) I make my teenager eat fruits and vegetables
g) It’s okay for me to make rules about how many fruits and vegetables my teenager can have
These questions ask about junk food and sugary drinks that your teenager may eat or drink. Remember that JUNK FOODS are foods
that are high in calories and usually added sugars and fat and include candy, cookies, potato chips, French Fries, etc. SUGARY
DRINKS include regular soda or pop, sports drinks, fruit drinks, sweetened iced teas, and other drinks with added sugar.
[Strongly agree, Agree, Neutral, Disagree, Strongly disagree]
a) If my teenager has had a bad day, I let him/her have junk food and sugary drinks to feel better
b) I don’t buy a lot of junk food or sugary drinks for my teenager
c) I try to avoid eating junk food or drinking sugary drinks when my teenager is around
d) My teenager and I decide together how much junk food or sugary drinks he/she can have
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e) I have to make sure that my teenager doesn’t eat too much junk food or drink too many sugary drinks
f) I decide how much junk food or sugary drinks my teenager can have
g) It’s okay for me to make rules about how much junk food or sugary drinks my teenager can have

Parenting practices surrounding physical
activity

Parenting practices surrounding electronic
device usage

Now think about your teen’s time being physically active.
[Strongly agree, Agree, Neutral, Disagree, Strongly disagree]
a) I have to make sure my teenager gets enough physical activity
b) I take my teenager places where he/she can be physically active
c) My teenager and I decide together how much physical activity he/she has to do
d) I make my teenager exercise or go out and play
e) I try to be physically active when my teenager is around
f) It’s okay for me to make rules about how much time my teenager spends being physically active/playing
The next questions ask about “SCREEN TIME” That is, the time your child spends using electronic devices to watch videos, surf the
internet, play video games and do other activities that involve sitting and looking at a screen. Now think about your child’s time with
electronic devices.
[Strongly agree, Agree, Neutral, Disagree, Strongly disagree]
a) If my teenager has a bad day, I let him/her have screen time to feel better
b) I take my teenager places where he/she can play video games, watch movies, etc.
c) My teenager and I decide together how much screen time he/she can have
d) I have to make sure my teenager does not have too much screen time
e) I decide how much screen time my teenager can have
f) I try to limit my own screen time when my teenager is around
g) It’s okay for me to make rules about how much screen time my teenager can have
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Appendix B
Table B.1: Pearson and Spearman correlations between the dependent variables, independent variables, mediators, and covariates.
Dependent Variables
Independent Variables
Mediators
Covariates
App
Mins of
Autonomy Structure
Control
Health
Autonomous Controlled Adolescent Adolescent
Adoption App Usage Practices
Practices Practices Behaviours Motivation Motivation
Age
Sex
Dependent Variables
App Adoption
Mins of App Usage
Independent Variables
Autonomy Practices
Structure Practices
Control Practices
Mediators
Health Behaviours
Autonomous Motivation
Controlled Motivation
Covariates
Adolescent Age
Adolescent Sex

1.00
0.82

0.70
1.00

-0.02
0.12

-0.02
0.06

-0.02
0.08

0.13
0.13

0.02
-0.00

0.08
0.09

-0.07
-0.09

0.03
0.06

-0.02
-0.04
-0.02

0.11
0.03
0.07

1.00
0.48
0.58

0.48
1.00
0.37

0.58
0.37
1.00

0.10
0.16
0.09

0.18
0.12
0.07

0.24
0.27
0.27

-0.15
-0.04
-0.29

-0.07
-0.08
-0.17

0.13
0.02
0.08

0.12
-0.00
0.09

0.10
0.18
0.24

0.15
0.11
0.29

0.08
0.08
0.26

1.00
0.36
0.25

0.36
1.00
0.39

0.25
0.40
1.00

-0.12
0.00
-0.01

-0.04
0.09
-0.02

-0.07
0.02

-0.08
0.06

-0.14
-0.07

-0.03
-0.10

-0.29
-0.17

-0.11
-0.02

0.01
0.09

-0.01
-0.01

1.00
0.13

0.13
1.00

Note: Pearson correlations are listed in white (bottom of the matrix) and Spearman correlations are listed in light grey (top of the matrix). The majority of the variables
were not severely skewed (skewness<|1|), with the exception of the dependent variable “App Adoption”, which was negatively skewed (skewness = -1.4).
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