
 

 

Investigating the Association Between Computer-Mediated Communication (CMC)  

and the Health of Canadian Young People: A Mixed Methods Study 

 

by 

 

Lindsay Favotto 

 

 

 

A thesis submitted to the Graduate Program in Epidemiology 

in conformity with the requirements for the  

Degree of Master of Science 

 

 

 

 

 

Queen’s University 

Kingston, Ontario, Canada 

August, 2016 

 

Copyright ©Lindsay Favotto, 2016 



 

 

ii 

Abstract 

Introduction. Canadian young people are increasingly more connected through technological 

devices. This computer-mediated communication (CMC) can result in heightened connection 

and social support but can also lead to inadequate personal and physical connections. As 

technology evolves, its influence on health and well-being is important to investigate, especially 

among youth. This study aims to investigate the potential influences of computer-mediated 

communication (CMC) on the health of Canadian youth, using both quantitative and qualitative 

research approaches. 

Methods. This mixed-methods study utilized data from the 2013-2014 Health Behaviour in 

School-aged Children survey for Canada (n=30,117) and focus group data involving Ontario 

youth (7 groups involving 40 youth). In the quantitative component, a random-effects multilevel 

Poisson regression was employed to identify the effects of CMC on loneliness, stratified to 

explore interaction with family communication quality. A qualitative, inductive content analysis 

was applied to the focus group transcripts using a grounded theory inspired methodology. 

Through open line-by-line coding followed by axial coding, main categories and themes were 

identified. 

Results. The quality of family communication modified the association between CMC use and 

loneliness. Among youth experiencing the highest quartile of family communication, daily use of 

verbal and social media CMC was significantly associated with reports of loneliness. The 

qualitative analysis revealed two overarching concepts that: (1) the health impacts of CMC are 

multidimensional and (2) there exists a duality of both positive and negative influences of CMC 

on health. Four themes were identified within this framework: (1) physical activity, (2) mental 

and emotional disturbance, (3) mindfulness, and (4) relationships. 
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Conclusion. Overall, there is a high proportion of loneliness among Canadian youth, but this is 

not uniform for all. The associations between CMC and health are influenced by external and 

contextual factors, including family communication quality. Further, the technologically rich 

world in which young people live has a diverse impact on their health. For youth, their 

relationships with others and the context of CMC use shape overall influences on their health. 
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Chapter 1 

Introduction 

1.1!General Overview  

Throughout most of human history, continuous communication between individuals has 

been bound by limitations of physical proximity [1]. With the rise of digital technological 

advancements, computer-mediated communication (CMC) has been introduced into the norms of 

current socialization practices [2]. Through the development of the telephone, followed by 

Internet connectively, communication now transpires through desktop computers, modern 

laptops, tablets and mobile phones, allowing for communication with others regardless of 

physical distance [3,4]. CMC allows for verbal and text-based exchanges, with some programs 

allowing for visual capabilities [3]. This mode of communication has become a prominent way 

of modern socialization for youth [5]. 

Because the use of CMC has become commonplace in our socialization with others, it is 

important to consider how this method of communication influences our health. Research thus 

far indicates that it can have both positive and negative effects. Beneficial impacts of CMC use 

include providing an environment for self discovery [6], an expansion of social opportunities [7] 

and social supports [8]. Concerns relate to the ability of CMC to reduce face-to-face contact, 

negatively influence well-being and social connection and promote loneliness [9–11]. These 

paradoxical views can likely be explained by the different CMC methods under investigation in a 

given study, the diverse ages among study populations and by the popularity of CMC at the time 

a given study was conducted [7,12].  
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Various studies have investigated the influence of CMC on social support, social 

connection and networks, [13–15] although the majority of these studies have been with adults. 

Existing studies have largely focused on general Internet use and have not compared the impact 

of different types of CMC such as real-time texting or talking or posts read asynchronously for 

the purpose of socialization with peers. This study investigates three different methods of CMC 

among young people 11-15 years. This has allowed for a focus on a youth population and 

examination of differences in the use of different types of CMC for socialization amongst peers. 

In addition to this, a mixed methods design has been adopted with the qualitative findings 

providing contextual depth to the quantitative ones. The results provide knowledge to inform 

interventions aimed at healthy CMC use by identifying ways that use of different CMC methods 

influence health in different contexts. Further, results shed light on issues and concerns most 

prominent to the youth population related to CMC, through highlighting the youth voice.  

1.2!Thesis Rationale and Focus 

Use of CMC such as social media, text messaging and FaceTime has been widely 

adopted by youth in order to socialize with others [3,5,16]. In 2015, 92% of U.S. adolescents 

reported being online daily, with 24% online “almost constantly” [3]. CMC is designed to 

connect us with others and allow for easy communication, but CMC misses key features of face-

to-face communication such as eye contact, vocal cues and spontaneity of conversation [17]. 

Communication quality is reduced without these features, leaving individuals potentially feeling 

unsupported or alone [17]. However, loneliness can be prevented through use of CMC as it can 

connect people regardless of physical distance [3,4]. Loneliness is a common feeling during 

adolescence [18–20]. In 2010, 19% of boys and 26% of girls in grades 6 to 10 across Canada 

self-reported feeling lonely [21]. The high level of loneliness experienced among youth can 



 

 

3 

perpetrate psychological stress [22] along with mental health issues such as depression [20] and 

suicidal ideation [23]. With high prevalence of CMC use for socialization and loneliness among 

youth, the influence of CMC on loneliness is imperative to explore. 

The focus of this thesis is how use of CMC influences self-perceived loneliness and the 

overall health of Canadian youth. The first manuscript utilizes a nationally representative sample 

of Canadian young people in grades 6 through 10 to identify the association between CMC to 

contact friends and their self-perceived loneliness. The influence of family communication 

quality on this association is also explored. The second manuscript focuses on how CMC 

influences health, broadly conceptualized. Using focus group data, the experiences, perceptions 

and opinions of youth regarding this issue are highlighted. Both manuscripts are linked through 

discussion of the exposure of CMC and its influence on young people’s social relationships, 

social connections and aspects of health. 

1.3!Societal and Public Health Importance 

There is great concern amongst agencies such as the American Academy of Pediatrics 

[24] and Public Health Ontario [25] about the screen time behaviour of youth, including their use 

of CMC. To date, guidelines and recommendations have been provided for parents [24,25], but 

these have not been informed by youth themselves. Youth have the right to speak to issues that 

pertain to them and have a voice in health promotion messages targeted at their population [26]. 

A youth voice can help drive health promotion efforts in addition to the common “adult lens” 

[27]. Positive youth development is promoted through engagement of youth in research and in 

creating community supports for healthy development [27]. This thesis will assist in addressing 

the gap in knowledge regarding the influence of CMC on the youth population and provide 

insight into the thoughts and opinions of young people specifically regarding this issue. This 
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could help inform future changes in policy regarding CMC as well as help directly address the 

issues they are facing regarding CMC and health. Finally, this thesis will highlight the use and 

utility of a holistic conceptualization of health including emphasizing the potential benefits and 

drawbacks of CMC on different health domains. 

1.4!Theoretical Framework 

Various social theories can be utilized to draw the connection between CMC and various 

domains of health. Drawing upon the population health framework, there are specific 

determinants of health involving individual and group level factors that contribute to the health 

of a population [28]. Specifically, CMC influences social environments and social support 

networks, both of which are determinants of health [28]. The adoption of CMC influences these 

social determinants, and has changed our social environments with our peers, family and within 

the workplace. With the integration of CMC, connection and conversation can occur without the 

requirement of physical proximity and occurs commonly through screens rather than face-to-face 

[1,3]. Further, social support is affected by adoption of CMC. Currently, support is often 

exchanged through screen-based CMC, which is both positive and negative. CMC can benefit 

supports through the continuity of communication but can potentially hinder support and 

connection since individuals remain physically distant [29]. With focus on these two 

determinants of health alone, there is a strong link between health and the use of CMC in modern 

society.  

Social Presence Theory and the Theory of Physical Proximity can explain the link 

between use of CMC to connect with individuals and loneliness specifically [17]. The Social 

Presence Theory outlines that the various forms of CMC transmit verbal and non-verbal cues 

differently. Users may experience less satisfaction during their connection when using CMC 
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when fewer cues are transmitted [17]. Verbal CMC such as Skype and FaceTime allow for visual 

and audio transmission, closest to that of face-to-face communication. With these visual and 

audio cues, users may be more satisfied and promote less loneliness compared to messaging 

CMC, which is limited to text only communication. The Theory of Physical Proximity outlines 

that physical presence is vital for feeling close and connected to others [1]. With modern 

technology this barrier is argued to be broken down with individuals connecting through Internet 

and cell connectivity, benefiting relationships and potentially protecting individuals from feeling 

isolated or lonely [1]. To date, testing of these theories with respect to CMC has been limited, 

particularly among youth only populations. 

1.5!Methodological Framework 

Mixed methods research is defined as the third research paradigm which combines both 

qualitative and quantitative based investigations to address an overarching research question or 

set of questions [30]. There are multiple designs that can be utilized in mixed methods research. 

These designs differentiate based on key properties which include: the level of interaction 

between qualitative and quantitative approaches, the timing of implementation of the qualitative 

and quantitative components, the priority of each, along with the stage of integration of both 

approaches [30]. This study employs an explanatory, parallel, mixed methods study (Figure 2.1). 

Through this design, the qualitative and quantitative studies remain independent, utilizing 

separate analyses and drawing independent conclusions. The results from each parallel study are 

then used to interpret and articulate overall conclusions [30–32].  
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Figure 1.1 Conceptualization of the mixed methods study design 

 

The adoption of a mixed methods design for this research question adds a multitude of 

benefits to the investigation. First, the integration of qualitative and quantitative studies allows 

for the complementary strengths of both approaches to be combined to enhance the depth of the 

data and overall understanding of the topic area as the strengths of one approach address the 

weakness of the other. Through a mixed methods approach, quantitative associations drive 

conclusions and, the close narrative of individuals with personal knowledge of the topic adds 

further depth and detail to conclusions [30]. Given that CMC has a complex and currently poorly 

understood influence on the health and socialization of young people, a mixed methods approach 

is appropriate to investigate this issue. The explanatory nature allows for the qualitative findings 

to enrich and inform the quantitative results to help explain any associations found [30]. Second, 

previous observational studies investigating the influence of modern communication devices on 

the health of youth have recommended that future investigations apply mixed methods 

approaches [11,33]. This insight is based on the need to further understand the complex 

relationship between CMC and the psychosocial development, well-being and relationships of 
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young people. Adopting a mixed methods approach also allows for the voices of youth to be 

highlighted. As Article 12 of the Convention on the Rights of the Child states, all children have 

the right to be heard and to participate in matters that pertain to them [26]. Given this duty, a 

mixed methods approach supports the rights of Canadian youth, as they become active 

participants in this research project, particularly through the qualitative component.  

1.6!Research Details 

The purpose of this thesis is to investigate the influence of CMC on the health of 

Canadian youth, focusing on a broad conceptualization of health as well as loneliness as a 

specific aspect of social or emotional health. To address this purpose, quantitative and qualitative 

manuscripts have been prepared to address the following aims, objectives and research questions. 

The aim of the quantitative manuscript is to identify the influence of CMC on aspects of 

the psychosocial well-being of Canadian young people, specifically focusing on loneliness. This 

manuscript addresses the following specific objectives: 

 (1) To describe the cycle 7 Health Behavour in School-aged Children (HBSC) study population 

in order to identify the prevalence of loneliness along with the frequency of daily use of all CMC 

types assessed in the HBSC survey. 

(2) To assess the association between use of different forms of CMC for contacting friends and 

feelings of loneliness reported by Canadian youth in grades 6-10. This will provide insight into 

any potential differences in influence from three different CMC types, in order to inform the 

development of focused interventions in the future. It is hypothesized that engagement with the 

various methods of CMC for daily contact with friends will protect individuals from feeling 

lonely [34]. 
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 (3) The final objective of the quantitative analysis is to examine the impact that quality of family 

communication has on the association between CMC use and loneliness. It is speculated that 

experiencing low family communication will increase the risk of loneliness more strongly among 

non-daily users of CMC compared with daily users [35]. 

The qualitative manuscript aims to investigate the perceptions and opinions of young 

people between the ages of 11 and 15 with respect to CMC use and health. The objective is to 

determine how the use of CMC could impact health, broadly defined, from the youth 

perspective. 

Both manuscripts will be submitted for publication as the quantitative manuscript 

(Chapter 3) has been formatted for submission to the Journal of Adolescent Health and the 

qualitative manuscript (Chapter 4) is formatted for submission to the International Journal of 

Qualitative Studies on Health and Well-Being. Beyond publication, knowledge dissemination 

began through sharing the final results at the 2016 Canadian Society of Epidemiology and 

Biostatistics Student Conference, as well as engaging with youth in the Child Health 2.0 Youth 

Advisory Group. It will continue through sharing findings on the Child Health 2.0 website along 

with other media outlets of interest and potentially the Canadian Public Health Association 

conference in the future. 
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1.7!Thesis Organization 

This thesis meets the requirements for the manuscript-based thesis outlined by Queen’s 

School of graduate Studies “General Forms of Theses”. This chapter provides a general overview 

of the entire thesis. The second chapter provides a comprehensive literature review to outline the 

scope of the field along with how the thesis fits within this area of research. Specifically, it 

covers use of CMC by youth, the link between CMC and health, the relationship between 

loneliness and CMC, along with outlining how family dynamics can potentially influence this 

association. The third chapter reports the results of the quantitative epidemiological study 

investigating the association between three different CMC methods used to contact friends and 

self-perceived loneliness, along with the influence of family communication quality. The fourth 

chapter reports the qualitative study findings related to the influence of CMC on the health of 

young people. The fifth and final chapter discusses the integration of both quantitative and 

qualitative findings to provide an overall interpretation of results along with discussion of the 

strengths and limitations of the thesis overall. 
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Chapter 2 

Literature Review 

2.1!Overview 

The purpose of this chapter is to review the current state of the scholarship around 

computer-mediated communication (CMC) and health, with special focus on the health of youth. 

An overview of CMC will be presented including common uses of CMC, variables related to use 

and ways that CMC influences health and young people’s health specifically. Further, loneliness 

will be defined, risk factors for loneliness will be stated, and an outline of the link between CMC 

use and loneliness will be provided. Finally, the potential influence of the family unit on health 

outcomes such as loneliness among young people will be reviewed. 

Although this was not a comprehensive, systematic review, a process for identifying 

relevant literature was followed and documented. To identify pertinent literature in this field, 

PsychInfo, Medline, EMBASE and CINAHL along with Google Scholar were searched. Books 

and relevant grey literature reports were also considered. Search terms included: “Internet”, “cell 

phones” and “communication technology” along with “loneliness”, “interpersonal relations”, 

“health behaviour”, and “child psychology”, further limited by English language. Key articles 

were identified, and their reference lists were also searched for additional relevant literature.   
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2.2!Computer-Mediated Communication (CMC) 

2.2.1!Definition  

Throughout the last decade, the use of the Internet in our daily lives has increased. The 

ubiquity of Internet use is particularly pronounced for the youth population. The Pew Internet 

Research group found that in 2001 only 45% of U.S adolescents used the internet [1] but by 

2015, 92% of adolescents in the United States expressed being online daily with 24% online 

“almost constantly” [2]. University students in the United States reported use of the Internet 

seven days a week for an average of 19.4 hours per week [3]; likewise, 37% of another 

population of university students in the United States reported using the Internet 1 to 4 hours per 

day [4]. High Internet use is not a sole trait of North American adolescents as 44% of a 

population of Turkish high school students reported using the Internet for 6 to 15 hours per week 

[5]. This surge of online activity is partially explained by the widespread adoption of Internet-

connected personal devices such as tablets or mobile phones as opposed to shared desktop 

computers [6–8]. In 2005, the majority of Canadian youth accessed the Internet through desktop 

computers and only 24% had their own mobile phones. In contrast, by 2013 use of laptops or 

tablets for Internet access exceeded that of desktop computers as 85% of Canadian youth 

indicated they owned a cell phone [8]. With this recent increase in the use of mobile devices and 

the Internet, it is important to investigate how this surge of connectivity influences users. 

Canadian young people use the Internet for a variety of activities, including 

communication with others. Use of Internet and cell connectivity allows for instant 

communication with others and has become a prominent method for youth to socialize with their 

peers [2–5,8,9]. Computer-mediated communication (CMC) involves communication with 

individuals through or by the use of computers or the Internet [10,11]. CMC largely involves 
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communication without typical features of face-to-face communication including tone of voice 

and facial expressions [10]. Many studies fail to separate CMC activity online from overall 

Internet use [5]. Even given this, when youth are connected to the Internet, one of the main 

activities in which they engage is communicating with others through various CMC methods 

[3,12,13]. Traditional methods of CMC involve email, and instant messaging [1,6,8] but 

currently there are many diverse methods such as Skype, FaceTime and social media sites. 

Currently, the most common methods are not bound to a desktop computer; portable laptop 

computers, mobile phones and tablets have become more common communication tools [2,6]. In 

actuality, CMC does not represent one method of communication but is an umbrella term under 

which the use of many different screen based communication devices are classified. 

2.2.2!Types and Frequency of CMC by Youth 

With the constant and rapid advancement of technology, methods of CMC that are used 

by youth are consistently adapting and changing. Current CMC methods include the use of text 

messaging, Skype, social media or social networking sites, messaging applications (apps) and 

others [2]. Text messaging involves sending text-based messages, usually using a mobile phone. 

This method of CMC has developed with the use of emoticons to enhance conversation along 

with text-based applications to allow for a longer message length and reduced associated costs 

[2]. Text messaging is a popular method of communication as 91% of U.S adolescents who own 

a mobile phone utilize text messaging with an average of 67 messages sent or received per day 

[2]. Other methods such as social media or social networking sites and video chat are also 

popular among adolescents. These platforms of communication involve sharing short text 

content, photos, video and/or status updates by friends, strangers and even celebrities [2]. The 

use of social media involves sharing media content with one another over platforms like 
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Facebook or Twitter, whereas social networking involves the use of specific Internet sites and 

spaces for text-based networking and communication. Often sites used by youth involve 

elements of both social media and social networking. Social media has become very popular 

amongst youth as 89% of U.S teens use at least one social media platform and 30% of Canadian 

youth read other’s social media posts at least once per day [8]. In 2013, the most popular social 

media or social networking platforms among Canadian youth from grades 7 to 11 include: 

Facebook (82%), Twitter (47%), Instagram (42%), Pinterest (13%) and Tumblr (27%) [8]. Video 

chat is also used by teens as 47% of U.S youth use video chat such as Skype or FaceTime [2]. 

Messaging applications and free social media sites allow for affordable and multiple forms of 

CMC to contact others on an ongoing basis throughout normal daily activities [2]. With the 

heterogeneity in types of CMC, different types of exposure and measurement approaches can 

make it difficult to make comparisons across multiple research studies.  
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2.2.3!Variables Related to CMC  

The use of CMC to communicate with others is associated with a plethora of personal 

factors including age, sex, and personality [4,9,14–22]. Age has been directly linked to the 

frequency and type of CMC in which youth engage [8,9,14,15,18,22,23]. Compared with 

younger children, it is more common for youth in grades 6 to 11 to own their own cell phone or 

laptop computer and to use social media sites [8,9,14,15,18,22,23]. Differences have been 

observed in CMC usage patterns between males and females [8,14,16–20,23]. General computer 

use and access to the Internet through gaming consoles is higher among males, whereas females 

utilize CMC more often through cell phones and social media sites [8,14,16–20,23]. To further 

illustrate this gender difference, the odds of owning a cellphone are lower for males compared to 

females (OR= 0.44, p<0.001) [16]. Conversely, other studies have not found differences in 

Internet usage among males and females [4,21]. Personality factors such as conscientiousness, 

extroversion, high self-esteem, agreeableness, emotional stability and openness have been linked 

to use of CMC and time spent on the Internet [17,24]. For instance, Wilson, Fornasier and White 

(2010) found that conscientiousness (β= -0.18, p=0.02) and extroversion (β= 0.27, p=0.001) 

linearly predicted social media site usage.  Hours spent on the Internet is positively correlated to 

low self-esteem (r= 0.09, p<0.001) along with being negatively correlated to extraversion (r= -

0.10, p<0.001).), agreeableness (r= -0.09, p<0.001).), emotional stability (r= -0.04), 

conscientiousness (r= -0.08, p<0.001), and openness (r= -0.01, p<0.001) [17]. These identified 

differences demonstrate that certain inherent qualities can predict and influence engagement in 

CMC. 
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External factors also influence the use of CMC among youth. Previous studies have 

identified factors such as family affluence [8], family income [2,16], parent education [14] and 

family structure [14] that determine access to and use of different CMC methods by youth. For 

example, youth are less likely to own a cell phone if they are from a family of generally low 

affluence [8], or a family who earn less than $50,000 per year [2]. The odds of owning a cell 

phone is 3.36 times greater for youth whose parents annually earn between $100,000-$149,000 

compared to $50,000-$74,000 (OR= 3.36, p<0.05) [14]. In terms of cellphone usage, high parent 

education and socioeconomic status (SES) along with living with both parents (p<0.001) predicts 

greater use [14]. A low family income is predictive of spending less time online [2] and low 

parent education, low SES and not living with both parents is associated with low overall 

computer use (p<0.001) [14]. No differences for young people from different ethnic backgrounds 

were found for overall Internet use [21]. Given these established associations, family structure 

and family wealth is important to consider when investigating CMC usage patterns among youth.  

2.3!Influence of CMC on Health 

The use of CMC to connect with others can impact health in various ways. 

Subrahmanyam and Smahel (2011) proposed three possible mechanisms to explain how use of 

CMC can influence health. First, the time spent engaging with our CMC devices displaces time 

spent engaging in other activities or in face-to-face conversation with others. This perspective is 

commonly known as the displacement theory [25,26], that has been applied to subsequent work 

in this field [27,28]. The displacement theory explains that disengagement in other activities due 

to screen time usage results in an impact to health. For example, high CMC use promotes 

sedentary behaviour (Lepp, Barkley, Sanders, Rebold, & Gates, 2013; Subrahmanyam & 

Smahel, 2011a) as individuals spend less time being active because their potentially active time 
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is exchanged for screen time behaviours. In addition to the idea of time and activity 

displacement, scholars have also highlighted that the nature of CMC limits social cues in 

interactions, and that this can result in a decreased ability among users to build empathy and 

connections with others [25,29,30]. In turn, weak connections with others influences well-being 

and health outcomes negatively [25,29,30]. As a third avenue, the Internet also provides access 

to a plethora of diverse information and exposures that can be beneficial or harmful to health 

[30]. In summary, CMC has many mechanisms of influence on health. These mechanisms in 

relation to specific health outcomes will be discussed further below. 

2.3.1!Conceptualization of Health  

Health can be conceptualized using different definitions and working theories such as the 

biomedical model, overall wellness approach and a holistic model of health. The biomedical 

model views health as “a state characterized by anatomical, physiological, and psychological 

integrity” [31], which focuses solely on the physical state of the body. Through a wellness 

perspective health is conceptualized as “a resource for everyday life” [32]. The holistic view of 

health from the World Health Organization (WHO) defines health as “...a state of complete 

physical, mental, and social well-being…” [33]. This WHO definition is viewed as a holistic 

definition of health as it includes multiple domains to consider when discussing overall health. 

This review will adopt the holistic conceptualization of health and discusses physical, mental and 

social domains of health applicable to CMC, for a holistic perspective regarding the health of 

young people. 
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2.3.2!Potential Health Influences of CMC 

Youth in modern society often exceed the recommendations for daily time spent 

sedentary, partly due to use of screen-based technology [34]. High engagement in screen-based 

activities promotes reduction of physical activity and sedentary behaviours [30,35], both of 

which are independently harmful to health [36]. In Canada, only 20% of youth meet the 

requirement of 60 minutes per day of moderate-to-vigorous physical activity and only 7% of 

males and 6% of females in grade 10 meet the sedentary based screen time guidelines of 2-hours 

per day or less [34,37]. During the physical developmental period of adolescence, many changes 

occur to the body [38]. Significant increases to body-mass index during this period has been 

attributed to low levels of physical activity associated with frequent and prolonged use of screens 

including CMC with friends [39]. CMC draws time away from physical activities along with 

passively increasing young peoples’ time spend sedentary [30]. Affinity for CMC may explain 

why youth are not meeting physical activity guidelines and are exceeding screen time guidelines 

[30]. High screen time and sedentary behaviour is associated with poor health outcomes such as 

increased adiposity, psychosocial health (hyperactivity, self control etc.), low self-esteem and 

poor cognitive development (memory, attention and language) among youth [36,40]. Consistent 

with the aforementioned, displacement theory, sedentary behaviour is strongly influenced by 

CMC and is a cause for concern amongst the youth population. 

During adolescence, the sleep patterns of youth are affected through changes to their 

circadian rhythm [41,42]. These biological changes make it more difficult to adjustment to 

varying sleep patterns during weekdays, weekends and vacation time [42]. In Canada, 75% of 

females and 62% of males in grade 10 report feeling tired when they go to school in the morning 

[34]. Use of CMC directly influences sleep time in a negative way, as youth are able to engage in 
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CMC continuously, even during the night. Using CMC in the evening can delay and interrupt 

sleep patterns among youth [20,41,43] resulting in loss of sleep [20]. To illustrate this, the odds 

of youth reporting being tired is two times greater when engaging in CMC through their mobile 

phone after lights out (OR= 2.2, 95% CI= 1.4-3.4) and the odds of being tired is four-fold when 

using their phone between midnight and 3 a.m. (OR= 3.9, 95% CI=2.1- 7.1) [43]. Less sleep and 

wakeful tiredness is linked to poor mood and wake performance [44]. More hours of sleep 

among youth is linearly associated with lower levels of depression (β= -0.20, p<0.001) higher 

self-esteem (β= 0.23, p<0.001) and better grades (β= 0.31, p<0.001) [45]. Once again, the 

displacement theory highlights how time spent using CMC takes away from time spent engaged 

in other activities, such as sleep, resulting in tiredness and harmful health outcomes for youth. 

With use of the Internet, messaging applications and social media or social networking 

sites, youth are indirectly exposed to many different stimuli that can impact their health, both 

positively and negatively. First, with added time spent online there is further exposure to 

negative influences such as promotions for tobacco and alcohol through marketing schemes 

aimed at youth [46]. On the other hand, Internet connectively allows for exposure to health 

promotion materials and support such as mood tracking and cognitive behaviour therapy 

applications for youth [47]. These mobile phone based resources have been demonstrated to 

increase self-awareness and support in regards to mental health concerns [47]. Second, self-

reported frequency of alcohol consumption is significantly greater among those who spend more 

than one hour text messaging (F= 14.14, p>0.001) or IM/emailing (F= 7.41, p<0.01) compared to 

those spending less than one hour on these activities [48], as virtual communication allows for 

networking without parental observation. Finally, cyber bullying is a concern amongst young 

people [49–51]. Without eye contact and seeing someone’s reaction to hurtful messages, youth 
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do not gain the empathy required to perceive certain behaviours as hurtful to another [29]. 

Internet connectivity and use of CMC devices can allow victimization outside of the schoolyard 

and for it to carry over to the home as most youth are not only targeted at school but also online 

[50,51]. Illustratively, Internet use did not predict cyber bullying among Canadian young people 

but the odds of cyber bullying were 2-fold higher for those experiencing traditional bullying by 

peers (OR= 2.14, 95% CI= 1.83-2.45) [50]. Overall, CMC use makes youth vulnerable to the 

aforementioned issues, and so raises concerns about many aspects of physical and mental health. 

 Use of the Internet and CMC have been negatively linked to psychological well-being 

indicators such as life satisfaction [22], depression [14,17,25,52,53] and overall poor mental 

health [9]. Boniel-Nissim (2015) identified that among nine HBSC participating countries, mean 

life satisfaction among youth was greater with less than two hours of Internet use per day 

compared to 2-6 hours or more than 6 hours per day (p<0.001) [22]. On the other hand, among 

youth that use of CMC to contact friends mean life satisfaction was greater, until a use threshold 

of 3-6 days per week was reached, as mean life satisfaction was lower with daily use (p<0.001) 

[22]. Depression is associated with CMC as those who self report feelings of depression 

significantly spend more time on the computer (p<0.001) [14], Internet (r= 0.10, p<0.001) 

[17,25], using mobile phones (p<0.001) [14] and instant messaging (r= 0.17,p<0.001) [12]. 

Additionally, Lin et al. (2016) found a two-fold increase in odds of depression among high users 

of social media compared to the lowest quartile of users (OR=1.66, 95%CI= 1.14-2.42) [52]. 

Finally, a study conducted in a large Ontario city revealed strong effect sizes between social 

media site usage and various indicators of poor mental health among students in grades 7-12 [9]. 

After controlling for grade, sex, SES and parental education, the risk of using social media sites 

for more than two hours a day is 3.04 times greater for those who self-report poor mental health 
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compared to those that rate their mental health as excellent (RR= 3.04, 95% CI= 1.30-7.09, p= 

0.013). 

2.4!Loneliness 

2.4.1!Conceptualization of Loneliness 

Loneliness is conceptualized in different ways across multiple disciplines. Varying 

perspectives and theories exist, for example, in psychology, philosophy and theology [54]. At 

first, theoretical based conceptualizations of loneliness identified it as stemming from unmet 

attachment [54,55]. Later, Robert Weiss (1973) defined loneliness as inadequacies in the quality 

and quantity of an individual’s social relationships, resulting from a cognitive appraisal of one’s 

social situation and concluding that it is inadequate [54,56–58]. Through this definition, 

loneliness is further defined by its social and emotional elements. Emotional loneliness transpires 

when there is lack of meaningful and fulfilling relationships with others [56,57,59] whereas 

social loneliness is associated with withdrawal from social networks and social isolation 

[56,57,59,60]. Additionally, it is noted that behavioural cues such as lack of meaningful social 

interactions along with cognitive signals including a desire for more social contact and seeing 

social interactions as beneficial are often present among one who self-identifies as lonely [58]. 

At the same time, the cognitive discrepancy model views loneliness as an outcome of one’s 

social position [54,56,58,61]. Loneliness results from not having the social life that one desires, 

including perceiving a discrepancy between the social contacts one has in relation to that which 

they crave, an increase in their need for social connection that is not met, or a subjective feeling 

of isolation regardless of surrounding social opportunities [54,56,58,61]. These feelings can also 

emerge through comparing one’s own social situation to that of others, causing identification of 
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gaps in one’s social desires [58]. An additional alternate view of loneliness is the product of 

personality traits and skills such as low self-esteem, shyness, poor social skills and poor 

sociability [62].  

2.4.2!Etiology and Epidemiology of Loneliness 

With diverse definitions and conceptualization of loneliness, the etiology of loneliness 

can differ. Age [63,64], biological sex [65], marital status [64,65], family structure [57] and 

personality traits [17] have all been linked to feelings of loneliness. Older individuals experience 

heightened loneliness commonly due to life factors such as loss of partners and reduced social 

support [65]. Females often report experiencing more loneliness but findings are inconclusive as 

results differentiate based on the item used to assess loneliness [65]. Youth experience high 

amounts of loneliness strongly influenced by personality traits [65]. For example, loneliness is 

positively correlated with low self-esteem (r= 0.50) [17,54], depressed mood (r= 0.50) [17], 

autonomy [63], and negatively correlated with extraversion (r= -0.59) [17,63], agreeableness (r= 

-.50) [17,63], emotional stability (r=-0.38) [17,63], conscientiousness (r= -0.09) [17], and 

openness (r= -0.26) [17]. Less extraverted and open individuals may find it difficult to relate to 

others and develop relationships [63], supporting the notion that loneliness is correlated with 

feeling less close to friends compared to those who do not identify as feeling lonely (p<0.05) 

[13]. Feeling less close to friends in turn can lead to lonely individuals not having strong 

relationships and receiving less social support [66,67]. Furthermore, a more agreeable 

personality is likely conducive to building relationships with others easily, with few conflicts 

arising, resulting in these individuals feeling less lonely [63]. Beyond innate traits, having few 

social interactions can result in loneliness development [64] as reduced face-to-face social 

interaction is negatively correlated to loneliness (r= -0.18, p<0.01) [68] and loneliness is 
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negatively correlated to social (p<0.01) and emotional loneliness (p= 0.0016) [69]. Loneliness 

also linearly predicts lower perceived positive social interactions with others (β= -0.01, p<0.05) 

[70], further promoting reduced socialization.  

 The prevalence of loneliness differs based on age cohorts and across biological sexes. 

Utilizing a direct measure of loneliness, prevalence was greatest among those 65 years of age 

and older (25.6%) followed by those 19-29 years of age (22.9%) [65]. Further, males displayed 

more social loneliness and females more emotional loneliness [65]. Specifically looking at youth, 

older adolescents who are female often report greater loneliness generally [54,71]. Among 

Canadian youth grades 6 to 10, from 2002 through to 2010, girls have self-reported more 

loneliness than their male counterparts [72]. In 2010, 19% of boys and 26% of girls grades 6-10 

self-reported feeling lonely [72]. Across both sexes, loneliness has remained relatively constant 

except for that of young females in grade 6. Loneliness among grade 6 females has increased 

from 16% in 2002 to 24% in 2010. Within this Canadian cohort, loneliness is greatest among 

grade 10 females [72]. Since the prevalence of loneliness is high among youth, and is increasing 

for some sub-groups, loneliness in this age group is an important health issue to investigate. 

The high prevalence of loneliness that exists among adolescents can be partially 

attributed to transition and adjustment that occurs during the adolescent period of development. 

First, since youth experience a lack of autonomy or role specification in society, they are at risk 

for identifying as lonely [54,56,57,61]. Second, during adolescence youth experience changes in 

their social networks as they shift to peer centered socialization [54,56,57,61,73,74]. With this 

change, youth can feel lonely for various reasons including high expectations, social 

comparisons to their peers [54,56,57,61,73,74], and withdrawal from family relationships in 

exchange for peer relationships [41]. Further, the exploration of, and potential difficulties 
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associated with romantic relationships, can heighten the experiences of rejection and loneliness 

novel to this period of development [41,74]. Throughout adolescence, some feelings of 

loneliness are anticipated but persistent loneliness is an issue that requires attention [74]. 

2.5!Influence of Loneliness on Health 

Loneliness is a marker of social isolation, whether subjective or objective, and therefore, 

directly influences social health and one’s psychological well-being. Specifically, feeling lonely 

is negatively associated with well-being (β= -0.24, p<0.001) [75] and mental health problems 

including depression (OR = 1.45, p<0.001) [61]. The link between loneliness and depression is 

important to consider as in 2010, 23% of grade 10 boys and 38% of grade 10 girls self-reported 

feeling depressed or low at least once a month across Canada [72]. There is added concern with 

regards to subjective feelings of loneliness and the presence of mental illness as risk factors for 

suicidal ideation among youth. Schinka et al. (2013) identified that among adolescents 

experiencing the highest score on the Loneliness and Social Dissatisfaction Questionnaire at age 

9 and increasing scores until age 15, the odds of experiencing suicidal ideation is 11 times more 

likely compared to those with the lowest scores which remained stable from birth until 15 years 

of age (p= 0.001) [76]. In Canada, suicide is the 9th leading cause of death, and 12% of deaths 

involving youth of ages 10 to 14 in 2012 were by suicide [77]. 

Self-perceived loneliness impacts markers of overall health and specifically physical 

health in various ways. Goosby, Walsemann and Cheadle (2013) identified that university 

students who self-report feeling lonely have greater odds of poor self-rated health (OR=1.48, 

p<0.001) than their non-lonely counterparts [61]. Loneliness was also associated with health 

issues such as reduced sleep quality (r= -0.35,p<0.001) [54,67], cardiovascular concerns (OR= 
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1.17, p<0.001) [61] and metabolic conditions (OR= 1.14, p<0.001) [61]. Reduction in sleep 

quality affects interest in leisure time activities further perpetrating feelings of loneliness [67]. 

Last, lonely individuals see the hassles of daily life as more taxing, resulting in greater stress 

experienced on a daily basis and a greater release of stress hormones [78,79]. This added stress is 

thought to provide high load on the body, resulting in poor health as individuals get older [79]. In 

summary, loneliness influences the domain of social health directly, but it also has implications 

for physical, mental and emotional health as well.  

2.6!Relationship Between CMC and Self-Perceived Loneliness 

There is inconsistency in the literature on the relationship between CMC and loneliness. 

Early observations regarding the technological advancements of the modern world came from 

McLuhan (1964) who stated that: 

…the medium is in the message. This is merely to say that the personal and social 
consequences of any medium - that is, of any extension of ourselves - result from the new 
scale that is introduced to our affairs by each extension of ourselves, or by any new 
technology” (McLuhan, 1964, p.7).  
 

Through this statement McLuhan (1964) identifies that we often do not acknowledge the subtle 

changes of technological advancements as they occur. It is often after using this innovation for 

years, that we reflect on the “unintended consequences”, both positive and negative [80]. For 

example, as communication technology entered our society, it was embraced by Turkle (1999) as 

an environment for self-exploration of identity and a space where individuals could try new 

things without consequence [81]. As technology has advanced, increasingly more people have 

adopted CMC and in turn it has become ubiquitous in modern society. With this strong adoption 

of communication technology, the early excitement of Turkle (1999) shifted to more cautionary 

messages around the consequences of use for society. These cautions included concerns over 
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reductions in face-to-face communication preventing empathy development and connections, 

issues of distraction, development of anxiety through the pressure of needing to be reachable at 

all times, and the inability to be alone with our thoughts, feelings and emotions [29,82–84]. 

Views of how CMC influences our health and socialization have evolved with the technology. 

The diverse views presented above are reflected through the inconsistency found in the 

literature investigating the influence of CMC on people’s health, safety and well-being. There 

are two salient issues specifically related to the influence of CMC on loneliness that merit 

discussion. First, CMC and social relationships or social connection will be discussed; since 

loneliness can develop with the absence of these supports, these are potential proxy measures of 

loneliness [58]. Second, loneliness will be directly addressed in relation to CMC. Both 

approaches will provide insight into the complex influence of CMC on loneliness, especially 

among youth. 

2.6.1!Influence of CMC on Social Relationships 

Social relationships have been shown to be positively and also negatively influenced by 

Internet and CMC use by both adults and youth [25,85,86]. An early investigation by Kraut et al. 

(1998) identified that with more hours of Internet use per day, social support was negatively 

impacted, as social circles linearly decreased with use (β= -0.14, p<0.10) [25]. These findings 

support the displacement theory as use of CMC devices reduces time spent face-to-face with 

others and results in fewer strong relationship ties. This is supported by later work by Turkle 

(2008), as she documented the lack of conversation that takes place in public spaces due to 

engagement with technology and communication with those not physically in our present 

environment [82]. Furthermore, use of CMC to communicate with others is argued to result in 

weak relationships because individuals cannot provide the same physical social support when 
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they are at a distance and lack strong depth of conversation [25,66]. Przybylski and Weinstein 

(2012) illustrated this reduced depth of conversation through their work with university students, 

showing that the presence of a cell phone alone linearly predicts lower reported relationship 

quality (β= -0.45, p=-0.001), partner trust (β= -0.69, p<0.001) and less perceived empathy 

towards one another (β= -0.72, p<0.001) when engaging in an important conversation [85]. With 

negative impacts of CMC on relationships with others, social support and connections are 

reduced, potentially influencing feelings of loneliness.  

In contrast to previous cautions on how the Internet and CMC negatively impact social 

relationships, studies with different and more positive findings have emerged [49,87–89]. For 

youth, social networks hold both a physical and virtual element. There is no divide between these 

two types of networks and a significant correlation exists between online and offline social 

networks. Those who interact offline also interact more online [49]. CMC benefits relationships 

as it allows for maintenance of communication during breaks in physical presence and allows for 

coordinating face-to-face meetings with close friends [87–89]. Qualitative analyses involving 

high school students along with young adults found positive outcomes of CMC on relationships 

including increased connection to others, maintenance of relationships and ability to connect 

with multiple people at once [49,90,91]. Further, CMC by high school students to contact friends 

positively predicts feeling close to peers (p<0.01) [13]. The introduction of social networking 

sites and instant messaging has expanded opportunities for communication [91] resulting in 

increased social connectedness, social capital (β= 0.2 p<.001) [91] and expanded social circles 

[86,92,93]. Through use of CMC, more social connection and social support can be provided to 

individuals, which may reduce the experience of loneliness. Overall, considering the current 
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literature there are identified benefits and drawbacks for social relationships and connection that 

exist from use of CMC. 

2.6.2!Influence of CMC on Loneliness Directly 

Just as there is inconsistency regarding the influences of CMC on social relationships, 

evidence exists supporting both benefits and harms of CMC on loneliness directly. Use of the 

Internet is associated with self-perceived loneliness among high school students, first year 

university students and adult populations [25,64,68,69,94,95]. To illustrate this, reliance on an 

Internet-based friend is associated with increased emotional loneliness (rs= 0.16, p=0.04) [69] 

and Internet use alone linearly predicted loneliness among youth (β= 0.14, p<0.05) [68]. When 

investigated longitudinally, increases in loneliness corresponded with increased Internet 

browsing over a one-year time interval [64]. Consistent with the displacement of social 

interaction hypothesis, activities such as surfing the Internet can lead to isolation with reductions 

in face-to-face interactions and human connection [25]. Loneliness is also associated with CMC 

directly as social networking site usage increased self-reported loneliness among users compared 

to non-users [93]. This direct relationship between Internet and CMC on loneliness suggests that 

there are negative implications of use. 

 Nevertheless, there has been opposition to the evidence around negative implications of 

CMC for loneliness [69,86]. In extension to their original investigation in 1998, Kraut et al. 

(2002) conducted a three-year follow up involving a proportion of original participants, which 

produced opposing results to the original study. Overall they found that Internet use was no 

longer associated with loneliness (β= 0.03, p>0.05) [86]. Moody (2001) provides further support 

to this, concluding that higher frequency of Internet use is associated with reductions in social 
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loneliness (rs= -0.22,p=0.004) [69]. It is speculated that as Internet and CMC became more 

popular, more people have became connected through this method of communication, combating 

early findings of isolation [86]. These results suggest that the use of the Internet and CMC 

directly influences loneliness in a positive way.  

2.7!CMC and Loneliness: The Role of the Family 

 The physical and social environment of the home along with relationships and 

dynamics between family members can influence multiple aspects of young people’s health. 

Considering a population based health approach, it is recognized that aspects of our physical and 

social environment impact health [96]. The creation of supportive environments for adolescents 

involves making improvements to their physical and social surroundings, including their home 

environment and the relationships that occur at home [97]. Furthermore, the family is often 

conceptualized as a system in which members of the family are interdependently emotionally 

connected as changes in well-being of one member influences the others [98]. Therefore, 

individual emotions such as loneliness or external factors such as CMC use by an individual will 

potentially influence, and be influenced by, family interactions, relationships, and dynamics as a 

whole system [98,99]. 

 Features of the home environment and family system can help buffer negative health 

outcomes for youth. For example, the communication quality of a family will influence the social 

support provided to youth by their family members, which can act to buffer negative feelings of 

loneliness [64], depression [100] and can benefit life satisfaction [22]. Social support, especially 

that coming from the family, benefits various health outcomes for youth as high levels of 

perceived parent trust and understanding have been associated with a four fold increase in odds 

of reporting excellent health status among Canadian young people (OR= 4.8, 95% CI: 3.5-6.2) 
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[101]. Furthermore, social support acts to prevent negative health outcomes attached to 

loneliness, specifically through providing social ties [56,59,67,102,103]. This buffering effect 

occurs through increasing the perception of available supports, resulting in the appraisal of a 

stressful situation in a positive light and, by reducing the emotional or physiological response 

that the body undergoes throughout a stressful event [103]. With family support and 

communication benefiting health in various ways, this buffering effect can positively influence 

any experience of loneliness among youth. 

 Family relationships are directly influenced by use of the Internet and CMC 

[21,25,27,99,104]. Spending more hours per week on the Internet linearly reduced family 

communication (β= -0.08, p<0.05) [25] and among high school-aged youth, high Internet use 

(more than 2 hours per day) results in a lower mean relationship score with their mother 

(Mlow_user=29, Mhigh_user=22, p<0.001) compared to low use (less than one hour per day) [21]. 

Furthermore, hours spent on social networking sites per day along with greater frequencies of 

use specifically influences loneliness among youth [27,104]. Time spent on Facebook per day is 

positively correlated to loneliness originating from the relationships that youth have with their 

parents (p= 0.21, p<0.001) [27]. The frequency of contacting parents through social networking 

sites per day is linearly associated with higher UCLA loneliness scores among youth (β= 0.15, 

p<0.05) [27]. On the other hand, contact through phone calls increases parental relationship 

quality through higher scores on satisfaction (β= 0.30, p<0.001), intimacy (β= 0.38, p<0.001), 

support (β= 0.34, p<0.001), aid provided (β= 0.35, p<0.01) [104] and connectedness [99]. Strong 

family relationships can positively influence health outcomes of youth through supportive 

environments, but use of the Internet and CMC can result in negative influence on those 

relationships.  
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2.8!Rationale for Thesis 

This thesis aims to examine the influence of CMC on the health of Canadian young 

people. A gap in the current literature exists in measuring different CMC methods in a youth 

only based population. Previous studies have investigated different definitions of CMC including 

use of the Internet or text messages in isolation along with individual social media sites such as 

Facebook. Few of these studies separate CMC into specific mediums of electronic 

communication to be investigated within the same study. Further, recent CMC advancements 

such as Skype and FaceTime that have visual capabilities have not been investigated among 

youth to our knowledge. Few studies provide a Canadian context for these relationships with a 

focus on the youth population, and finally, it has been suggested that qualitative examination of 

the relationship would be useful to build our depth of understanding about the nature of 

associations [105]. A qualitative analysis can highlight the perspective of youth and their 

awareness of how use of CMC influences their health. This has not previously been done among 

Canadian young people.  

This thesis will contribute knowledge about the influence of different CMC methods on 

health outcomes. We aim to better understand how use of CMC influences youth, specifically 

focusing on health impacts and the impact of family communication quality. We will also speak 

to youth directly to gather their perspectives and opinions about these relationships. The 

knowledge we build from this mixed-methods study could be used to help inform child and 

adolescent health promotion programs or policies for the healthy use of technology. Overall, we 

hope this work helps to support families and the health and well-being of Canadian young 

people. 
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Chapter 3 

Connection Through A Screen: Computer-mediated Communication and Self-

Perceived Loneliness among Canadian Young People 
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3.1!Abstract 

Purpose: Canadian young people commonly use technological devices to connect with their 

peers. This form of communication can result in heightened feelings of connection and social 

support, but can also leave adolescents feeling disconnected from others. This study examines 

the association between computer-mediated communication (CMC) and feelings of loneliness 

among Canadian youth, with family communication explored as an effect modifier. 

Methods: Data from the Canadian 2013-2014 Health Behaviour in School-aged Children study 

were used in a cross-sectional analysis (n=30,117; grades 6-10). Random-effects multilevel 

Poisson regression methods were used to quantify risks for adolescent loneliness related to daily 

vs. non-daily use of verbal (Skype, phone calls), text/instant messaging and social media CMC 

with friends. Effect modification was tested via the inclusion of modeled interaction terms. 

Results: The prevalence of self-reported loneliness among the sample of Canadian young people 

was 24.6% (95% CI= 23.6- 25.7%). Risk factors for loneliness included feeling sad or hopeless, 

experiencing low peer support and low perceived family wealth. Family communication quality 

modified the relationship between CMC and loneliness. Daily use of verbal and social media 

CMC was positively associated with loneliness only among youth of high relative levels of 

family communication. 

Conclusion: Overall, influence of daily use of CMC is dependent on the level of family 

communication that youth experience Therefore, quality of family communication must remain 

central in societal discussions of youth loneliness, mental and emotional health and use of CMC.   
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Implications and Contributions 

This study highlights that use of CMC is associated with loneliness among Canadian 

youth only among youth who experience high relative levels of family communication. When 

investigating the association between CMC and loneliness among youth, it is essential to 

consider the level of family communication that youth experience. 
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computer-mediated communication (CMC), loneliness, young people, social media, text 

messaging 
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The use of technology for communication has been widely adopted by most Canadian 

youth because in current social contexts, many of their interactions with other people happen 

through digital means [1–5]. Engagement with computer-mediated communication (CMC) 

allows adolescents to connect with peers, and different mediums of CMC permit different 

methods of communication. Methods such as text messaging and various social media outlets do 

not allow for eye contact or hearing each other’s voice, have limitations to permitted message 

length, and have potential lag time in message response. These features all have the potential to 

influence (in either positive or negative ways) the quality of socialization that transpires [6].  

Loneliness can develop in young people when they lack meaningful engagement with 

others or lack connection to social networks [7]. With approximately 20% of Canadian 

adolescents self-identifying as being lonely, it is important to ascertain the potential influence(s) 

of CMC on this mental health outcome [8]. Evidence surrounding the benefits or drawbacks of 

CMC on the psychosocial health of adolescents, or their experience of loneliness, is variable. 

Early findings, of the late 1990’s [9], showed a negative influence of Internet use on social 

support and time spent face-to-face with friends. Over the last ten years, investigations present 

more positive conclusions, suggesting that social networks are similar across all mediums and 

the ability to connect via CMC may expand social opportunities [10]. From the perspective that 

positive family relationships, communication and spending time together offers protection from 

poor mental health outcomes amongst youth [11] and increased life satisfaction [12], it is also 

important to consider how communication in the family influences the association between CMC 

use and reports of feeling lonely. 
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This study investigates associations between use of different forms of CMC for 

contacting friends and feelings of loneliness. It also explores the potential for such relationships 

to be modified by quality of family communication. It is hypothesized that engagement with the 

various methods of CMC for daily contact with friends will protect individuals from feeling 

lonely as they are connecting with others [10]. Further, it is speculated that experiencing low 

family communication will increase the risk for loneliness more strongly among non-daily users 

of CMC compared with daily users [11]. 

3.2!Methods 

3.2.1!Data Source and Sample 

This study involved examination of data from the 2013-2014 (cycle 7) of the Canadian 

Health Behaviour in School-aged Children (HBSC) study [13]. The HBSC survey is 

administered to young people across 44 countries and regions, including Canada, every four 

years in collaboration with the World Health Organization [13,14]. The focus population is 

young people aged 11 to 15 years and therefore, in Canada, the target is students in grades 6 to 

10 [13]. This age group coincides with the initiation of adolescence, and its study permits 

investigation of the emotional and physical challenges that mark this transition period, and 

facilitates capturing the increased responsibility of choices and behaviours during this time 

[14,15].  

In Canada, two-stage cluster sampling was utilized for sample accrual. The primary 

sampling unit was school classrooms nested within schools and associated school boards 

[13,15,16]. The 2013-2014 cycle 7 included 30,117 students, before application of survey 
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weights, from 377 schools across Canada [13]. Overall this cycle attained a 50.3% response rate 

at the school level and a 77% participation rate at the level of individual students [13]. 

Missing Data 

A complete case analysis [17] was done as the amount of missing data were less than 

10% among key exposures [18]. When individuals who were missing responses to key items 

were removed from the full sample, the frequency of loneliness and daily use of CMC in the 

sample remained constant, therefore missing data were not determined to be statistically 

problematic. Removal of individuals with missing variables did result, however, in a higher 

proportion of females (52.6%) and grade 9 to 10 students (48.1%) in the final sample compared 

to the original sample (50.7% and 44.4%).  

Survey Weights 

In order for the sample to represent the Canadian population of young people, the HBSC 

data are weighted to adjust for over and under sampling at the provincial and territorial level, by 

sex for each school grade grouping (grades 6-10) [15]. The survey weights ranged from 0.017 to 

5.491 for this HBSC cycle. 

3.2.2!Variables of Interest 

Main Outcome: Loneliness 

Data on loneliness were assessed via responses to the HBSC survey item: “I often feel 

lonely?” (5-point likert scale from “strongly disagree” to “strongly agree”). This individual item 

is part of the Multidimensional Scale of Perceived Social Support [19], which has been used 

extensively in past studies [13,20] and subject to repeated tests for face validity to subjectively 

assess feelings of loneliness in Canada and elsewhere [20]. For the purposes of this study, 
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responses were dichotomized, and often feeling lonely was defined by reporting “strongly agree” 

or “agree” to the above item. 

Exposures: CMC Use  

Cycle 7 of the HBSC provides assessments of overall CMC use to contact friends using 

five items: (a) phone calls, and use of Skype or FaceTime, (b) instant messaging (BBM, 

Facebook chat), (c) text messaging, (d) email and, (e) social media (Facebook [not including 

chat], My Space, Twitter, Apps [Instagram], games [Xbox], YouTube, etc.). Phone calls, Skype 

and FaceTime use were considered verbal CMC whereas both instant messaging and text 

messaging use were combined into a summary measure to form a count variable indicating daily 

use of either of these types of messaging (Cronbach’s α = 0.72). Social media and email use were 

left as separate indicator variables. For all CMC measures, “daily” use of any CMC method was 

separated from “non-daily” use to create a dichotomous variable, consistent with past precedents 

[13]. These items have established reliability: verbal ρ=0.52 (p<0.001), texting and SMS ρ=0.76 

(p<0.001), instant messaging ρ=0.75 (p<0.001), and social media ρ=0.64 (p<0.001) along with 

correlation to the previous HBSC CMC item: verbal ρ=0.48 (p<0.001), texting and SMS ρ=0.71 

(p<0.001), instant messaging ρ=0.63 (p<0.001), and social media ρ=0.52 (p<0.001) [21]. 

Potential Effect Modifier: Family Communication Quality 

To assess family communication quality, four items that are part of the Family Dynamics 

Measure II scale were used. Young people were asked about the communication that takes place 

within their family, with five responses ranging from “strongly agree” to “strongly disagree”: 

“the important things are talking about, “when I speak someone listens to what I say”, “we ask 

questions when we don’t understand each other”, “When there is a misunderstanding we talk it 
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over until it’s clear”. These four items specifically assess the construct of clear communication 

vs. distorted communication within a family. The scale was validated among Finnish students 

aged 11-17 (Cronbach’s α = 0.82), and their parents (Cronbach’s  α =0.85) [22]. Cronbach’s 

alpha for the scale used in this study was 0.88. The scale was reverse coded and categorized into 

quartiles for the present analysis. Effect modification was tested through construction of a 

multiplicative interaction term by multiplying the quartiles of family communication by each 

CMC exposure. 

Potential Covariates 

Potential confounders of the relationships between use of CMC and loneliness among 

young people include: age [23,24], sex [23,24], family characteristics such as family structure 

[25,26] and family income [27,28], peer characteristics such as perception of peer support, 

frequency of face-to-face interactions and involvement in group activities [23,28] along with the 

presence of mental health concerns [29].These potential confounders were considered for 

analysis based on existing evidence, identified associations to both exposure and outcome of 

interest, and the availability of items in the HBSC survey. 

Family Structure 

The 2013-2014 HBSC assessed family structure by asking with whom the participant 

lives with in the house they live in most of the time [21]. Self-report of family structure by youth 

has been used in past studies [31]. A dichotomous variable was created that identified nuclear or 

non-nuclear family structures (living with both mother and father, or other), consistent with 

precedent [30].  
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Family Wealth 

To assess family wealth, the HBSC includes a proxy item that asks students to indicate 

how well off they perceive their family to be (“very well off” through “not well off at all”). This 

item was added to the HBSC survey in 1993/4 to increase the indicators of socioeconomic status. 

It generates a measure of relative socioeconomic position that has strong test-retest reliability, 

and it correlates to both household income and parental education [32,33]. Previous studies have 

used this measure and found it to be predictive of overall health status among this age group 

[21,32].  

Peer Support 

The peer support variable was constructed from four items that are part of the 

Multidimensional Scale of Perceived Social Support (MSPP), which was developed to quantify 

the subjective experience of social support [34]. Factor analyses have shown three first-order 

factors from this scale that measure peer and family support, along with support from others 

[19]. Items corresponding to the peer support factor were utilized for this measure (5-point likert 

of “strongly agree” through “strongly disagree”). It has been psychometrically tested among 

adolescents and university students with good inter-rater reliability (0.75) [34] and internal 

validity (Cronbach’s α =0.90) [19,21]. The summed score for all items was dichotomized for 

analysis. Cronbach’s alpha for the peer support composite of four items in this study was 0.92. 

Frequency of Contacting Friends 

To assess peer contact, participants were asked how often they meet their friends outside 

of school time during two time points in the evening (before, and then after 8:00 p.m) which has 

been used in past studies [23]. A dichotomous variable was created through grouping “weekly or 
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more” interactions with friends for either of the two time points. When combining both time 

points of assessment, Cronbach’s alpha for these items in this study was 0.73. 

Involvement in Group Activities 

Students indicated involvement in a sports team, volunteer work, arts or community 

groups along with “other” activities or groups. Following precedent [35], the overall level of 

involvement was divided into categories: (a) no involvement, (b) one group activity, (c) two 

group activities, (d) three or more group activities.  

Feeling Sad or Hopeless  

To identify students who may be experiencing mental health issues, an HBSC item from 

the Diagnostic Interview for Children Version IV (DISC-IV) was utilized [36]. This item has 

strong reliability amongst youth one year following a diagnosis of depression (k=0.92) [36]. It is 

commonly used as an initial screen for suicidal ideation [36] as it asks, “during the past 12 

months, did you ever feel so sad or hopeless almost everyday for two weeks or more in a row” 

(yes or no).  

3.2.3!Statistical Analysis 

Frequency distributions of key exposures, the study outcome and potential covariates 

were examined. All individuals missing key variables including exposures, the outcome or 

potential covariates were excluded from analyses. The final useable sample included 23,218 

young people. Prevalence estimates of loneliness, all CMC variables and covariates were 

estimated. Independent associations between the outcome of loneliness and all exposure 

variables of interest was tested via the Rao-Scott Chi square test for complex survey data after 

transforming scales into categorical variables [37].  
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To identify the level of variance that occurred at the group level of each school, intraclass 

correlation coefficients (ICC) were estimated using the null model [38]. The ICC indicated that 

1.6% of the variance of loneliness was accounted for between the clusters of schools [38]. Even 

with such limited levels of clustering, random-effects multilevel modeling was conducted to 

adjust for the nested and clustered nature of data collection. A multilevel Poisson regression [39] 

was applied with a log link function. Each model quantified the relative risk (RR) and 95% 

confidence interval (CI) for each association. Modeling was initiated with unadjusted models of 

each exposure to the outcome of loneliness followed by the addition of potential covariates. 

Effect modification of family communication quality was assessed through insertion of two-way 

multiplicative interaction terms for each CMC exposure. The most parsimonious, conservative 

models were identified through stepwise selection procedures with selection criteria of p<0.20 

for potential confounders [40]. Assessment of confounding was also considered through the 

change in estimate approach [40]. Power calculations [41] were conducted for all three CMC 

exposures, sub group absolute differences of 2% to 4% are able to be detected with 80% power, 

with consideration of effect modification.  

All statistical procedures were conducted using SAS software version 9.4 (Cary, NC: 

SAS Institute Inc.). Queen’s University Research Ethics Board and the Public Health Agency of 

Canada’s Research Ethics Board approved HBSC Canada. Queen’s University Health Sciences 

Research Ethics Board approved this specific study (EPID-520-15; Romeo approval number 

#6016097). 
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3.3!Results 

Description of Study Sample 

Characteristics of the sample available for study are described in Table 3.1. Table 3.2 

includes the characteristics of young people who use CMC methods daily to contact friends. 

Characteristics of users were similar across all methods of CMC.  

Prevalence of Loneliness in the Canadian Population of Young People 

The prevalence of young people who perceived themselves to often feel lonely was 

24.6% (95% CI= 23.6%-25.7%) among the entire population of Canadian young people. The 

prevalence of loneliness was greater among female (29.9%, 95% CI= 28.4%-31.3%) compared 

to male (19.0%, 95% CI= 17.8%-20.2%) respondents (Table 3.3). Loneliness was independently 

associated with all CMC exposures, with the exception of email (p=0.46), and therefore use of 

email was not considered in subsequent regression analyses. All covariates of interest were 

independently associated with loneliness (p<0.001).  

Due to the known strong influence of social supports on adolescent health outcomes [35], 

family communication quality was investigated as a potential effect modifier (Table 3.4). The 

latter significantly modified the risk of often feeling lonely with use of verbal CMC (p=0.011) 

and social media CMC (p=0.012), but not messaging (p=0.201). Table 3.4 identifies the 

relationship between loneliness and family communication quality among non-daily and daily 

CMC users. Among non-daily and daily CMC users, a consistent and significant association 

existed between self-perceived loneliness and lower relative levels of family communication 

quality. Table 3.5 explores the relationship between CMC use and loneliness, comparing use of 

CMC within each quartile of family communication. In environments of poor family 
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communication (Q2-Q4), daily use of all types of CMC showed little to no association with 

loneliness. Among youth of high relative family communication (Q1), daily use of verbal and 

social media CMC to contact friends was positively associated with reports of loneliness, 

compared to non-daily users. 

Table 3.6 includes the remaining results of the multivariate regression analyses. Risk 

factors for loneliness were consistent across all methods of CMC. Peer and family support 

characteristics, measured through low peer support (RRverbal = 1.27, 95% CI= 1.19-1.35) and low 

perceived family wealth (RRverbal = 1.25, 95% CI= 1.15-1.35) along with feeling sad or hopeless 

(RRverbal = 3.01, 95% CI=2.84-1.16) were associated to loneliness. Being male showed a 

protective association (RRverbal = 0.81, 95% CI = 0.77-0.86) with loneliness. 

3.4!Discussion 

This study explored associations between the use of three different CMC methods to 

contact friends and self-perceived loneliness in Canadian young people. Family communication 

quality was demonstrated to significantly modify the relationship between verbal and social 

media CMC use and loneliness. Peer and family characteristics, specifically the quality of family 

communication, are associated with the risk of loneliness among Canadian youth. Overall, our 

findings indicate that the association between daily use of CMC and loneliness is a concern for 

youth experiencing high relative levels of family communication quality but not among those 

experiencing lower relative levels.  

This study identified important risk factors for loneliness among youth including: peer 

and family support characteristics, being female, as well as indications of a mental health 

concern. These findings are consistent with previous research as it has been established that 

loneliness is associated to depressed mood [42] and self-reported loneliness is often reported by 
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more females than males [8]. Further, the experience of loneliness commonly develops through a 

lack of support from peers and family members [7]. The shift to peer centered socialization and 

high social pressure among peers within this age groups can result in perception of low social 

support, leading to feelings of loneliness [7].  

Self-perceived loneliness was associated with the quality of family communication that 

youth experience, with the strongest association observed among low relative levels of family 

communication. This variation in association is consistent with previous findings [25], which 

demonstrates that youth gain most social support from their family in early adolescence. The 

shift to peer centred socialization occurs later on in adolescence [43]. These study findings draw 

attention to the salient influence of family during this period of youth development and how 

family relationships predict loneliness among this age group. For one thing, without strong 

family communication, these youth may perceive a discrepancy in the quantity or quality of 

interactions that they hope to have, or which they do have with their family members, which in 

turn may lead youth to self-identify as being lonely [44]. 

In contrast to the initial hypothesis, among youth experiencing high relative family 

communication (Q1), daily use of CMC to connect with friends was associated with more reports 

of self-perceived loneliness. This finding is contradictory to previous literature that identified 

that strong communication with parents moderated the negative effects that daily use of CMC 

had on the life satisfaction of youth [25]. This finding can be explained through the use of the 

displacement theory [45] as young people often engage in CMC in the home when surrounded 

with family members. They may be together in the presence of their family but displace time 

spent interacting with them, to instead engage in CMC with their friends. With this, youth may 

perceive their family to have a supportive family environment but experience loneliness from 
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reduced family interactions due to CMC use. This displacement may only negatively influence 

youth of high relative family communication since they would otherwise gain support and 

protection from loneliness through their supportive family environment. Since family 

communication is strong, use of CMC to contact peers may only present negative influences to 

the well-being of youth as daily use may displace time spent with family. 

This study has many future implications. First, its findings can inform future research and 

prevention activities related to youth loneliness. Important themes to further explore include the 

investigation of how CMC use influences life satisfaction, distraction, cyber bullying and one’s 

self-concept. Equally, future research to identify additional etiological factors of loneliness is 

important due to the high prevalence of loneliness among Canadian youth and substantial 

connection to mental illness [27]. Second, the increased risk of loneliness resulting from poor 

family communication quality suggests adoptions of family-based interventions for prevention of 

loneliness. Family communication is a modifiable factor that is not dictated by family structure 

or financial resources but reflects the social interactions that take place within the family unit. 

Development and implementation of family-based programs to benefit the well-being of youth 

that includes education about CMC, and provides tools and strategies for building strong family 

environments and relationships, may be effective [11]. Such family-oriented approaches have 

been successful with regard to prevention of substance use [11,46], depression and antisocial 

behaviour [11]. With current success of family-centered interventions, continuation of this 

approach will further support the psychological well-being of youth to ameliorate feelings of 

loneliness. 

Strengths of this study include the depth and timely nature of the analysis. Findings 

should be representative nationally as they are based on nationally representative HBSC data. 
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Further, the current Canadian HBSC survey separated CMC use by types, which allows for 

increased precision of measurement and the association to be differentiated by the different CMC 

types used to contact friends. This allows for further insight into specific mechanisms and 

context of effect. Limitations of this study include the potential for reverse causality due to our 

use of a cross-sectional design [25]. It is possible that daily use of CMC is associated to 

loneliness development but it is also possible that loneliness is associated to daily use of CMC. 

The directionally of interest in this study is supported by previous findings [47,48]. In addition, 

because loneliness was assessed at one point in time, responses did not reflect potential changes 

in loneliness over time in association with the exposures of interest. Further, even with the large 

sample size of the HBSC, we are concerned over the precision and power of this study in order 

to detect the small sub group differences in the association of interest. Poc hoc power 

calculations revealed inadequate power in detecting the small difference in effect between 

messaging CMC daily and non-daily use. There are also limitations to this study in terms of the 

HBSC item classification and completeness. First, the specific examples listed with each CMC 

type are somewhat outdated which warrants the consideration that use of newer CMC platforms 

are missed, causing errors in exposure ascertainment. Second, limitations also exist in our ability 

to form a strong CMC exposure gradient, as extent of daily use was not available. Third, 

potential confounders could have been missed resulting in uncontrolled confounding in the 

analysis. For example, personality traits, such as extraversion, cannot be established from the 

HBSC survey and are positively associated to CMC use and negatively associated to loneliness 

[42]. Fourth, the relationship between CMC use and loneliness may be different among 

populations of youth that do not participate in the HBSC survey (private schools, home-school or 

those who attend schools on reserves) as they may have different experience of loneliness along 
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with different socialization experiences using CMC. Last, since a complete case analysis was 

utilized, the confidence intervals may be larger than if an imputation technique was chosen as 

simulation studies have shown limited influences on effect estimates but influence to standard 

error [17].  

3.5!Conclusion  

Loneliness is closely associated with characteristics such as poor family communication 

quality, low peer contact and the presence of mental health concerns. The association between 

daily use of CMC and loneliness is dependent on the level of family communication that youth 

experience. The use of CMC as well as family characteristics should remain a strong focus of 

mental health and well-being initiatives to promote the health of Canadian young people. 
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Table 3.1 Description of the sample population in the 2013-2014 HBSC study for Canada. 

 (n= 30,117) 
 
Characteristic N  % Characteristic N  % 
Biological Sex  Perceived Family Wealth  
Male 14784 49.3 High 15120  53.5 
Female 15178  50.7 Average 10456  37.0 
Missing 115   Low 2703  9.6 
  Missing 1,838   
Family Communication Quality  Involvement in Group Activities  
Q1 (highest) 6303 22.3 3+ 8313  29.7 
Q2 9554 33.9 2 7397  26.4 
Q3 5333 18.9 1 8232  29.4 
Q4 (lowest) 7012 24.9 None 4071  14.5 
Missing 1915  Missing 2104   
School Grade  Primary Outcome: Loneliness  
6-8 16273  54.6 No 20735  73.8 
9-10 13520  44.4 Yes 7376  26.2 
Missing 324  Missing 2006  
Feeling Sad or Hopeless  Exposure 1: Email Use  
No 20489  71.6 Non-daily User 26549  97.5 
Yes  8118  28.4 Daily User 681  2.5 
Missing 1510  Missing 2887  
Family Structure  Exposure 2: Verbal CMC   
Nuclear Family 19581  69.0 Non-daily User 20984  74.1 
Non-Nuclear Family 8796  31.0 Daily User 7338  25.9 
Missing 1740   Missing 1795   
Frequency of Contacting Friends Exposure 3: Messaging CMC  
Weekly or more 13688  50.9 Non-daily User 14897  53.7 
Less than weekly 13204  49.1 Daily User 12856  46.3 
Missing 3225   Missing 2364   
Peer Support  Exposure 4: Social Media CMC  
High  22896  83.6 Non-daily User 19243  68.7 
Low 4496  16.4 Daily User 8784  31.3 
Missing 2725  Missing 2090  
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Table 3.2 Profile of daily users of verbal, messaging and social media CMC among Canadian 

adolescents by socio-demographic, family and peer characteristics. 

 
Characteristic Verbal CMC Daily 

Users 
N (%) 

Messaging Daily 
Users 
N (%) 

Social Media Daily 
Users 
N (%) 

Biological Sex    
 Male 3286 (45.3) 5001 (38.1) 3821 (41.3) 
 Female 3966 (54.7) 8128 (61.9) 5430 (58.7) 
Family Communication 
Quality  

   

 Q1 (highest) 1638 (23.0) 2853 (22.1) 2117 (23.5) 
 Q2 2408 (33.9) 4380 (33.9) 3013 (33.4) 
 Q3 1199 (16.9) 2337 (18.1) 1469 (16.3) 
 Q4 (lowest) 1862 (26.1) 3332 (25.8) 2417 (26.8) 
School Grade    
 6-8 3313 (46.00) 5966 (45.8) 4531 (49.4) 
 9-10 3890 (54.0) 7068 (54.2) 4630 (50.5) 
Feeling Sad or Hopeless    
 Yes  2410 (34.4) 4157 (32.6) 3003 (33.4) 
 No 4591 (65.6) 8599 (67.4) 5975 (66.5) 
Family Structure     
 Nuclear Family 4793 (67.4) 9002 (69.6) 6154 (67.8) 
 Non-Nuclear Family 2317 (32.6) 3927 (30.4) 2922 (32.2) 
Frequency of Contacting 
Friends 

   

 Weekly or more 3976 (58.6) 7624 (60.9) 5205 (59.2) 
 Less than once per 

week 
2806 (41.4) 4887 (39.1) 3583 (40.8) 

Peer Support    
 High  5905 (86.8) 11063 (88.7) 7643 (87.3) 
 Low 894 (13.1) 1409 (11.3) 1107 (12.6) 
Perceived Family Wealth    
 High 3739 (53.1) 7086 (55.5) 4899 (54.9) 
 Average 2538 (36.0) 4499 (35.2) 3125 (35.0) 
 Low 767 (10.9) 1190 (9.3) 905 (10.1) 
Involvement in Group 
Activities 

   

 3+ 1891 (27.2) 3505 (27.5) 2419 (27.1) 
 2 1942 (28.0) 3599 (28.2) 2511 (28.1) 
 1 2031 (29.3) 3893 (30.6) 2623 (29.4) 
 None 1073 (15.5) 1741 (13.7) 1381 (15.4) 
Loneliness    
 Yes 1832 (26.5) 3302 (26.1) 2415 (27.2) 
 No 5081 (73.5) 9354 (73.9) 6456 (72.8) 

 
 
 
 
 
 
  



 

 

72 

Table 3.3 Prevalence of loneliness among Canadian adolescents by socio-demographic, family 

and peer characteristics (row%)1. 

 
Characteristic No. Lonely 

n = 6897 
p-value* 

  No. row% (95% CI)  
Biological Sex    
 Male 13466 2562 19.0 (17.8-20.2) <.0001 
 Female 14438 4313  29.9 (28.4-31.3)  
Family Communication Quality     
 Q1 (highest) 6,499 855  13.1 (11.6-14.7) <.0001 
 Q2 9,380 1641  17.5 (16.2-18.8)  
 Q3 4,960 1305  26.3 (24.2-28.4)  
 Q4 (lowest) 6,459 2914  45.1 (43.1-47.1)  
School Grade    
 6-8 15153 3263  21.5 (29.3-22.8) <.0001 
 9-10 12555 3524  28.1 (26.7-29.4)  
Feeling Sad or Hopeless    
 Yes  7404 3964  53.6 (51.3-55.7) <.0001 
 No 19568 2651  13.5 (12.7-14.4)  
Family Structure     
 Nuclear Family 19330 4174  21.6 (20.5-22.7) <.0001 
 Non-Nuclear Family 7984 2545  31.9 (30.1-33.6)  
Frequency of Contacting Friends    
 Weekly or more 12303 2809  22.8 (21.5-24.1) <.0001 
 Less than once per week 13781 3627  26.3 (24.9-27.7)  
Peer Support    
 High  22900 5108  22.3 (21.1-23.5) <.0001 
 Low 4381 1560  35.6 (33.0-38.2)  
Perceived Family Wealth    
 High 15138 2870  19.0 (17.9-20.1) <.0001 
 Average 9337 2702  28.9 (27.3-30.5)  
 Low 2517 1086  43.1 (39.5-46.7)  
Involvement in Group Activities    
 3+ 7126 1810  25.4 (24.0-26.8) <.0001 
 2 7503 1620  21.6 (19.9-23.2)  
 1 8403 1893  22.5 (21.0-24.0)  
 None 4317 1417  32.8 (30.2-35.5)  
Email Use    
 Non-daily User 25715 6293  24.5 (23.4-25.6) 0.4594 
 Daily User 778 206  26.5 (21.1-31.8)  
Verbal CMC    
 Non-daily User 20338 4859  23.9 (22.7-25.0) 0.0017 
 Daily User 6914 1832  26.5 (24.9-28.1)  
Messaging CMC    
 Non-daily User 14188 3308  23.3 (22.0-24.7) 0.0023 
 Daily User 12655 3302  26.1 (24.7-27.5)  
Social Media CMC    
 Non-daily User 18276 4267  23.3 (22.2-24.5) <.0001 
 Daily User 8871 2415  27.2 (25.5-29.0)  
1 Adjusted for school-level clustering and weighted for population representativeness  
* p value for the Rao Scott chi-square test between each characteristic and loneliness
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Table 3.4 The association between family communication quality and loneliness by non-daily 

and daily CMC use as reported by Canadian adolescents. 

 

 
1 Adjusted for school-level clustering and weighted for population representativeness 
2 Multilevel Poisson regression controlling for biological sex, school grade, feeling low or depressed, 
family structure, frequency of face-to-face contact with peers, involvement in group activities, perceived 
family wealth, and peer support  
3 Interaction of CMC*family communication quality 
 
  

 RRadj (95% CI) of Loneliness by Quartile of Family Communication Quality1,2 
Frequency of 
CMC Use 

Q1 
(highest) 
 

Q2 
 

Q3 Q4  
(lowest) 

P-value for 
interaction3 
 

Verbal CMC  
(n= 23146) 

     

 Non-daily User 1.00 1.39 (1.24-1.55) 1.77 (1.57-1.98) 2.20 (1.98-2.45) 0.011 
 Daily User 1.00 0.98 (0.82-1.17) 1.37 (1.15-1.65) 1.75 (1.49-2.05) 
Messaging CMC 
(n= 22851) 

     

 Non-daily User 1.00 1.35 (1.19-1.54) 1.79 (1.56-2.05) 2.19 (1.93-2.48) 0.201 
 Daily User 1.00 1.13 (0.99-1.30) 1.47 (1.28-1.69) 1.92 (1.69-2.17) 
Social Media 
CMC 
(n= 23017) 

     

 Non-daily User 1.00 1.36 (1.21-1.53) 1.82 (1.61-2.05) 2.23 (1.99-2.50) 0.008 
 Daily User 1.00 1.05 (0.91-1.22) 1.31 (1.12-1.54) 1.71 (1.49-1.96) 
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Table 3.5 The association between non-daily and daily CMC use and loneliness by each quartile 

of self-perceived family communication quality as reported by Canadian adolescents. 

 

 
1 Adjusted for school-level clustering and weighted for population representativeness 
2 Multilevel Poisson regression controlling for biological sex, school grade, feeling low or depressed, 
family structure, frequency of face-to-face contact with peers, involvement in group activities, perceived 
family wealth, and peer support  
3 Interaction of CMC*family communication quality 
 
  

 RRadj (95% CI) of Loneliness by Frequency of CMC User1,2 
Quartile of Family 
Communication Quality 

Non-daily 
User 

Daily Verbal 
CMC User 
(n= 23146) 

Daily Messaging 
CMC User 
(n= 22851) 

Daily Social 
Media CMC User 
(n= 23017) 

Q1 (highest) 1.00 1.29 (1.09-1.52) 1.11 (0.96-1.30) 1.34 (1.15-1.56) 
Q2 1.00 0.91 (0.80-1.03) 0.93 (0.84-1.03) 1.05 (0.94-1.17) 
Q3 1.00 1.00 (0.87-1.15) 0.92 (0.81-1.03) 0.98 (0.86-1.11) 
Q4 (lowest) 1.00 1.02 (0.93-1.11) 0.98 (0.90-1.06) 1.03 (0.95-1.12) 
Interaction p-value3  0.009 0.201 0.012 
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Table 3.6 Hierarchical Poisson regression predicting the relative risk of loneliness among 

Canadian adolescents. 

Relative risk of Canadian adolescents feeling lonely1 

 
 
 
Exposure: 

Model 1: 
Verbal CMC2  
(n= 23146) 
RR (95% CI) 

Model 2: 
Messaging CMC3 
(n= 22851) 
RR (95% CI) 

Model 3: 
Social Media CMC2 
(n= 23017) 
RR (95% CI) 

Biological Sex    
 Female (ref)   
 Male 0.81 (0.77-0.86) 0.82 (0.77-0.87) 0.82 (0.77-0.86) 
School Grade    
 6-8 (ref)   
 9-10  1.09 (1.03-1.16) 1.10 (1.04-1.17) 1.09 (1.03-1.16) 
Feeling Sad or Hopeless    
 No (ref)   
 Yes 3.01 (2.84-3.19) 3.03 (2.86-3.22) 3.03 (2.86-3.22) 
Family Structure    
 Nuclear (ref)   
 Non-Nuclear 1.07 (1.01-1.13) 1.08 (1.02-1.14) 1.07 (1.01-1.13) 
Frequency of Contacting Friends    
 Weekly or more (ref)   
 Less than weekly 1.18 (1.12-1.25) 1.16 (1.10-1.23) 1.18 (1.12-1.25) 
Peer Support    
 High (ref)   
 Low 1.27 (1.19-1.35) 1.26 (1.18-1.35) 1.27 (1.19-1.36) 
Perceived Family Wealth    
 High (ref)   
 Average 1.10 (1.04-1.17) 1.10 (1.04-1.17) 1.10 (1.03-1.16) 
 Low 1.25 (1.15-1.35) 1.24 (1.14-1.34) 1.24 (1.15-1.35) 
Involvement in Group Activities    
 3+ (ref)   
 2 0.86 (0.80-0.93) 0.87 (0.81-0.93) 0.87 (0.81-0.93) 
 1 0.89 (0.83-0.96) 0.91 (0.84-0.97) 0.90 (0.84-0.97) 
 None 1.02 (0.94-1.10) 1.03 (0.95-1.11) 1.02 (0.95-1.11) 

1 Adjusted for clustered nature of data and weighted for population representativeness, 2 Adjusted for all other 
variables in the model and the interaction between CMC and family communication, 3 Adjusted for all other 
variables in the model and family communication quality 
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Chapter 4 

Perceptions of the Perceived Influence of Computer-Mediated 

Communication on the Health and Well-being of Early Adolescents 
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Abstract 

 

Recent technological advancements have provided many youth with daily, almost continuous 

cell and Internet connectivity through portable devices. Young people’s experiences with 

computer-mediated communication (CMC) and their views about how this form of 

communication impacts their health have not yet been fully explored in scientific literature. A 

purposeful maximum variation sample of young people (aged 11-15 years) across Ontario was 

identified using key informants for recruitment. Youth participated in seven focus groups 

(involving a total of 40 youth), and discussed various aspects of health including the health 

impacts of CMC. Inductive content analysis of the focus group transcripts revealed two 

overarching concepts- first, that health impacts are multidimensional and second, that there exists 

a duality of both positive and negative influences of CMC on health. Within this framework, four 

themes were identified including CMC and: (1) physical activity, (2) negative mental and 

emotional disturbance, (3) mindfulness, and (4) relationships. With this knowledge, targeted 

strategies for healthy technology use can be developed, drawing on the perspectives of young 

people, to be implemented by parents, teachers and youth themselves. 

 

 
Key words: Adolescent health, computer-mediated communication, well-being, social health, 
screen time  
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Introduction 

Canadian adolescents have become more and more connected via the Internet over the 

last ten years, first through the medium of the desktop computer and now more commonly, 

through the use of a compact device such as a cellphone or tablet. Using these devices in daily, 

and sometimes continuous, communication with friends is common (Steeves, 2014). Use of 

computer-mediated communication (CMC) allows youth to connect with their friends or family 

members regardless of physical distance. In a recent study of Canadian youth, 99% had access to 

the internet in some fashion and by fourth grade approximately 50% had their own cellphone 

(Steeves, 2014). With this high level of potential connectivity, the impacts of CMC on health are 

important to investigate.  

Conflicting findings about the impact of CMC on health outcomes exist between 

scholars. Some scholars identify CMC as an opportunity for self discovery, trying on different 

personas outside of the physical world (Turkle, 1999). Others explain the vast number of 

opportunities to communicate and build social supports with others (Greenhow & Burton, 2011; 

Kraut et al., 2002) allowing for the creation of diverse social networks (Hlebec, Manfreda, & 

Vehovar, 2006). These speculations are challenged with suggestions that use of CMC has 

reduced face-to-face contact, influencing feelings of loneliness and perception of social support 

(Kraut et al., 1998; Moody, 2001; Prezza, Pacilli, & Dinelli, 2004; van den Eijnden et al., 2008; 

Vergeer & Pelzer, 2009). Further, issues exist around young people’s sedentary screen time 

associated with CMC engagement, along with anxiety provoking pressures for youth to always 

be accessible online (Bond, 2010; Leatherdale, 2010), perfecting their online persona and being 
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digitally connected but unconnected to those in their physical environment (Turkle, 2008, 2012). 

The aforementioned potential benefits and potential drawbacks of using CMC among youth 

influence diverse aspects of their overall health. 

There is little scientific literature examining how young people experience, perceive or 

assess the impact of CMC on their health. Youth likely have a unique perspective on the 

emerging phenomenon of CMC and it is important to understand their perspectives about the 

benefits and drawbacks of these activities (Herring, 2008). This study investigates how the use of 

CMC could impact the health of young people in the early adolescent period, between the ages 

of 11 and 15 years, a stage of life when CMC is becoming increasingly common. We have 

gathered the opinions and experiences of CMC among Canadian young people and explored 

their thoughts on how CMC affects their health. In doing so, we hope to highlight the youth 

perspective as well as to develop a framework outlining the potential influence that this exposure 

may have on the health of young people overall. We also hope to explore and inform concrete 

ways we can promote healthy technology use for overall health benefits among early 

adolescents. 
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Methods 

 

Data Source and Sample 

This study utilized transcript data from seven youth focus groups conducted in 2014, 

involving 40 adolescents. Purposeful, maximum variation sampling was achieved using key 

informants to identify youth. These well-situated people in the community were able to contact 

potential participants according to the purposeful sampling plan and disseminate the study 

information (including informed parental consent forms). The final focus groups involved an 

Ontario based, geographically diverse sample of youth 11-15 years of age, further detail about 

the focus groups have been previously provided (Michaelson, Mckerron, & Davison, 2015). 

Participants were recruited based on the characteristics of age, sex, rural/urban residence and 

length of time living in Canada. A purposeful sample selects participants based on strong ability 

to contribute to understanding the overall phenomenon (Mayan, 2009). Within each focus group, 

participants were of homogeneous demographic characteristics as they had one or more of the 

sampling characteristics in common. This was done in order to aid in facilitating conversation 

and comfort among youth as they shared similarities. The maximum variation was achieved 

through heterogeneity between all focus groups to create comparisons between groups and 

represent an overall diverse sample. Participants were sampled from eastern Ontario (Hastings 

and Frontenac Counties), northern Ontario (Sudbury), western Ontario (Bruce County) and the 

Greater Toronto Area in central Ontario.  
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Data Collection 

This study is inspired by grounded theory methodology put forth by Glaser and Strauss 

(1967) in that rather than applying a predetermined theoretical perspective throughout data 

collection, an area of interest was identified, thus allowing for findings to emerge “from the 

ground up” (Charmaz, 2014, p. 125). Data were generated through asking youth broad questions 

around their perceptions of health. Themes that emerged early in the study helped to shape 

questions in subsequent focus groups (Michaelson et al., 2015). All audio from focus groups 

were recorded and transcribed verbatim for analysis. Focus groups were utilized for data 

collection as large amounts of information can be collected in a short period of time (Berg, 2009; 

Morgan, 1997). Further, this method allows for open discussion of items and issues and for 

themes to emerge organically from the discussion (Berg, 2009). In addition, focus groups also 

allow for the interactions and comparisons made between the young participants engaging with 

one another to be captured (Morgan, 1997; Raby, 2010). Using focus groups for adolescent 

research specifically allows for the “shared culture” of this demographic to be revealed and 

insight gained about their health behaviours and practices from a youth perspective (Raby, 

2010). Potential challenges with focus groups involve the tendency for conformity amongst peers 

in a group setting or sharing extreme ends of opinion (Morgan, 1997). There is also a potential 

challenge of domination of the group by a select participant (Berg, 2009). These challenges were 

mediated by the use of trained moderators along with research topics pertinent to the lives of 

youth for ease of sharing and discussion (Morgan, 1997).  
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To initiate discussion in the focus groups, photo elicitation techniques were used. Generic 

photos depicting aspects of social, physical, mental and spiritual health to which the youth could 

relate, as well as images depicting youth, their friends and their family members utilizing 

technological devices were introduced. This was undertaken to stimulate discussion beyond use 

of probing questions and because “images evoke deeper elements of human consciousness than 

do words” (Harper, 2002, p. 13) and so could further stimulate discussion beyond use of probing 

questions. The inclusion of images allowed for added ease of discussion during the focus group 

as the conversation was rooted in an image that both researcher and participant recognized 

(Harper, 2002). This technique allows not only for the topic of interest to be presented but 

unveils the relationships of participants to the image selected (Harper, 2002). Given that 

preselected photos were utilized in the focus groups, thus incorporating preconceived ideas about 

health into the discussion, this study was not grounded theory in its purest form. Rather, it was 

inspired by grounded theory and utilized many elements of this method.  

 

Analysis Strategy 

Discussions of CMC within the transcript were abstracted with 2-3 line buffers outside of 

the CMC discussion to ensure context was available for the text of interest. Extraction excluded 

reference to video games, surfing the Internet, and general media. This allowed for the focus to 

be on communication technology. Inductive content analysis was undertaken on the remaining 

CMC-related focus group transcript data as per a method outlined by Elo and Kyngäs (2007). 

This is a method of qualitative analysis used to obtain an overall objective description of the 
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phenomenon under study through the process of identifying categories that emerge from the 

transcript (Elo & Kyngäs, 2007). An inductive content analysis refers to the fact that the 

categories emerge to describe overarching concepts (Elo & Kyngäs, 2007). 

The first level of coding involved line-by-line open coding in order to describe the 

explicit content of the text. This process involved reading each focus group transcript and 

tagging the meaning or content of each line briefly in the margins (Elo & Kyngäs, 2007). This 

level of coding allowed us to gain an early understanding of the basic content of the data 

(Mayan, 2009). Second and third authors co-coded two transcripts independently then all three 

authors compared and discussed individual coding in order to be explicit about personal biases, 

and to allow for triangulation and transparency of codes. After these discussions, a consolidated 

code list was created and code definitions written to ensure rigourous and streamlined labeling 

across all remaining focus groups. The total first order code list consisted of 79 codes or tags.  

Following first order coding, all codes were grouped into meaningful units called 

categories (Forman, Damschroder, & Content, 2015). Categories were based on commonality 

among codes or identified links between codes in order to reduce the overall quantity of codes 

and to develop meaningful units (Elo & Kyngäs, 2007; Graneheim & Lundman, 2004; Hsieh & 

Shannon, 2005). Formation of categories is a form of data simplification and brings added 

understanding to the text to begin describing the overall phenomenon (Elo & Kyngäs, 2007). In 

this second round of coding, ten categories were established. Once all of the categories were 

identified, the internal homogeneity of each category was checked through ensuring each 

transcript section, the selected quotation, corresponded to the category chosen (Mayan, 2009). 
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After developing the ten main categories within the data, axial coding involved generating higher 

order themes (Mayan, 2009). The themes linked multiple categories together and explicitly 

quantified an intertwined thread that existed within the categories, to integrate them at a higher 

level (Graneheim & Lundman, 2004; Mayan, 2009). This third stage of analysis resulted in four 

themes. Following this, two overarching concepts were identified that linked all higher order 

themes and categories together at the highest level of analysis. Themes uncovered were assessed 

for strength based on the depth, consistency and frequency of occurrence in all focus groups 

along with the plethora and richness of examples reflected depicting the higher order concepts.  

Academic Rigour 

To enhance trustworthiness of findings, strong rigour was achieved in various ways. 

First, credibility was considered when selecting diverse participants based on demographics such 

as age, sex, urban/rural and how long a young person has lived in Canada. This provided 

richness to the data gathered on the topic of interest (Graneheim & Lundman, 2004). Second, 

approaching the data through line-by-line open coding allowed the researchers to remain close to 

the data. Finally, constant collaboration with principal investigators involved in focus group data 

collection was maintained to provide triangulation between researchers and to verify analysis 

(Graneheim & Lundman, 2004). Code descriptions and frameworks were part of the audit trail 

necessary for rigourous and trustworthy qualitative work, ensuring dependability and credibility 

in this study (Graneheim & Lundman, 2004). Concurrent memos, in the form of technical or 

academic notes, were continuously created in order to document thoughts, first impressions of 

the text and early connections made by the researchers. These memos prevented loss of ideas, 
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provided explicit information about personal biases, maintained the audit train and enhanced 

reflexivity. The memos served as a map of the early analytic process and support the overall 

inference (Forman et al., 2015). Transferability of findings can be assessed through the 

presentation of descriptions of participants and all analysis procedures along with inclusion of 

rich quotations generated by participants (Graneheim & Lundman, 2004). 

Ethical Considerations 

Prior to participation in the focus groups, written and verbal information was given to 

parents and youth participants. The written consent of parents and written assent of participants 

were collected before participation in the study. At the start of each focus group all youth 

participants also gave verbal informed assent. The Queen’s Health Sciences and Affiliated 

Teaching Hospitals Ethics Board approved the focus group protocol (EPID-447-13; Romeo 

approval number #6011166) and this specific study (EPID-520-15; Romeo approval number 

#6016097). 
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Results 

Youth participants are described in Table 4.1. All participants (n=40) were students 

attending public schools throughout Ontario and spoke fluent English.  

Table 4.1 Demographic characteristics of study participants. 

Characteristic N 
Sex  
 Male 13 
 Females 27 
  
Age  
 12-13 22 
 14-15 18 
   
Residence in Ontario  
 Rural 9 
 Rural/urban 17 
 Urban 14 
Total participants 40 

 

The content analysis of the CMC specific sections of the transcript revealed a framework 

that included multiple themes around CMC use and the health of Ontario young people (Figure 

4.1).  
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Figure 4.1 Categories, themes and overarching concepts of the relationship between CMC and 

the health of young people. 

 

Overall, this analysis identified two overarching concepts: (1) the multidimensional 

relationship between CMC and health along with (2) duality of positive and negative potential 

influences of CMC to health. The multidimensional relationship refers to the fact that 

engagement in CMC does not only affect one domain of health. CMC can potentially influence 

social, mental and emotional health along with aspects of physical health. The second 

overarching concept of both positive and negative aspects, suggests that the influence of CMC is 

two sided. There exists an element of duality, as there are benefits along with drawbacks to use 

in regards to health. These two overarching concepts describe four themes including: (1) physical 

activity, (2) emotional and mental disturbance, (3) mindfulness, and (4) relationships (Figure 1). 
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Examples of physical activity 

Sedentary screen time behavior. Use of CMC was identified as having an impact on the time that 

youth remain sedentary, as it is a part of overall daily screen time. One youth expressed, “I think 

that is a big thing affecting health. Everyone now has a cell phone and computer and so people 

are less active….” Further, it was clear that the youth identify use of cellphones as the opposite 

of a healthy and active lifestyle through stating that “they prevent us from going out and having 

[physical] activity.” 

Regulator of fitness. With smartphone technology and the advancement of digital applications 

(apps) for health, the relationship between our devices and health is extended beyond 

communication. Individual ownerships of cell phones and devices can aid us in regulating our 

fitness:  

Some phones or devices you can get a fitness set for it if you want. That could keep track 

of your weight or how much time you work out or what you have eaten and if it is 

healthy or not. 

This comment highlights the knowledge that youth recognize the capacity of these devices 

beyond a communication method and as a tool to monitor fitness trajectories. 

Examples of emotional and mental disturbance 

Engaging in distressing interactions with others. Use of CMC to connect with others evoked 

distressing negative emotions for some focus group members. One youth articulated that 

consistent engagement in CMC provided access to continuous negative and emotionally 

distressing interactions with peers: 
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I used to have it all of the time and I would [get] really angry and stuff. There was a lot of 

drama that was involved with it. People say stuff over text that they wouldn’t necessarily 

say in person. It made me more stressed and when I didn’t have it I felt better. 

With use of CMC, the ease of conversation resulted in hurtful interactions. Through constant 

connection through CMC, distance from their device was required to offer relief from their 

negative emotions. 

Beyond the “drama” that occurs with friends, the youth indicated that cyber bullying was 

a potential source of emotional distress in their lives as well. During the focus groups one 

participant noted the influence of cyber bullying on youth, “ she is looking at her phone sort of 

mad or sad maybe because of something like cyber bullying.” Further, the lag time in messaging 

can be concerning, as there are breaks in communication that may leave questions unanswered 

and issues unresolved. One participant shared: 

Text messages I find that I don’t know the person might feel okay but they are actually 

not. But when you text a message at 10:00 am and then again at noon hour that says yeah 

I am fine. And it is like well thanks for telling me hours later. I have been worrying.  

CMC allows for connection at any point but also lag time between connections when messages 

go unanswered. This break in communication can result in youth experiencing distressing 

emotions. CMC can actively promote hurtful interactions among youth along with passively 

impacting them from waiting for responses from their peers. 
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No emotional support provided. Not only did negative communication cause mental distress for 

participants, but it was also not always felt to be effective for providing support to others. This is 

illustrated by the following comment by a participant:  

…if it is a personal conversation you are there to comfort them. If you are talking to someone 

on the phone or you are texting them and they start crying you can’t do anything. You are 

just there and the most you can tell them is that it is all right. That does not always work for 

people. 

Without being in the physical presence of one another, the innate features of text based CMC 

provide a barrier in communication. This young person felt that they would be unable to offer the 

proper support to a friend who is in need.  

Examples of mindfulness 

Lack of engagement with surroundings. When this population of youth engaged in CMC, they 

often referred to experiencing a passive disengagement from the present moment. They 

displayed a lack of mindful behavior or focus on other tasks after receiving influential news 

through methods such as text messaging. One youth shared a bad experience by saying, “I got a 

phone call at my school saying that a family member passed away and I had to wait a couple of 

hours for my mom to get me and then I’d sit there and think...I can’t focus on what is going on 

right now.” Further, there was an observed lack of awareness of the external environment when 

engaging in this method of communication. One participant stated that being completely engaged 

in CMC “is not healthy because they are not paying attention to what is around them.” It was 

voiced strongly that individuals fully engrossed in their technology are “hypnotized” with their 
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own thoughts influenced by technology as “you don’t really think or anything and that is all you 

know after awhile.” These statements suggest that youth have insight into the ability of 

communication technologies both to transport them from the present moment and to influence 

their ability to focus on present tasks. 

Escape from reality. Another way this theme was discussed amongst the youth was in reference 

to opportunities for youth to actively “escape through electronics” and remove themselves from a 

situation or environment if they perceive it to be unhealthy or distressing. It can be their time to 

check out and not have to deal with negative situations of the present: 

I feel that technology that we have can be a stress and at the same [time] it can bring you in 
to escaping what is going on around you and be an escape...Say if a kid is going through a 
tough time and it is not the greatest time and they are getting picked on at school. Or grandpa 
or grandma or mother or father is not doing so good… they escape what is going on around 
them and they are just into it and they are having a good time. 

Disengaging from the present moment is utilized in this manner as a way to cope and to bring joy 

or a sense of calm to the youth when their environment is unhealthy or painful. 

Examples of relationships 

Easy communication method. Youth value the influence of CMC in their lives. They articulated 

that CMC “is easier to communicate” as the innate features of CMC support quick and direct 

exchanges of communication between individuals.  

Connects individuals. Use also provides benefits through allowing them to “keep in contact with 

family who does not live close”, through allowing communication when physical distance would 

traditionally keep individuals distant. Further, these modern mediums allow connection to others 
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beyond the young person’s physical social network. When asked if a technology medium such as 

YouTube was a barrier to real life, one youth responded:  

Yes and no. You are really getting to know that person. When they get big on the 

YouTube they would [share] things about their personal life. They share positive and 

negative stuff. So it is kind of both. You can connect with them also. 

CMC mediums allow for youth to connect to others who are physically distant or to those whom 

they know solely from online platforms. This connection bridges social interactions from many 

points around the globe. 

Absence of social cues. Another dimension to this theme related to the innate qualities of CMC 

that are lacking in comparison to face-to face contact. One youth spoke to the fact that “by text 

message…you don’t know what their voice is like.” This was a direct reference to the inability to 

hear auditory content in some mediums of CMC such as text messaging and social media. 

Without these important social cues, “you don’t get to know what people are feeling and don’t 

see their emotions and all that stuff.” Further, social cues are important for understanding the 

overall interaction:  

When you are texting someone it is hard...when you talk to someone the tone of voice 
really tells what you are saying. You can say sorry genuinely or you can say, oh sorry. 
Over text it is hard to perceive what the person says. And that can cause drama because 
you can misunderstand things and there is miscommunication and stuff. It is good to have 
a balance. 

Without hearing tone of voice, a barrier is created in effectiveness of overall communication and 

support given to one another. With the potential for misunderstanding when engaging in CMC, 

this method of communication makes conversation more difficult. 



 

 

 

93 

Reduced face-to-face communication. Not only do the features of these devices reduce closeness 

and interactions between people while engaging in contact through CMC, but it was discussed to 

reduce social interactions with those around you face-to-face: “It takes away from 

communication. You don’t communicate with people and you lose your ability to converse and 

...now-a-days most people can’t hold a proper conversation and it affects how you speak to 

people.” Youth identify that face-to-face conversations have been negatively impacted with 

adoption of CMC based communication. 

Lack of conversing with those in the physical environment can potentially influence the 

relationships between individuals and your ability to connect. Use of devices and not 

communicating was identified as an obstacle to growing closer and building relationships. One 

participant noted that, 

Electronics have become a big part of our lives and stuff. A lot of teenagers use them a 
lot.  I am not saying that it is bad to go on electronics because it has helped a lot. But 
around a dinner table I feel like you should be more with your family and talking to them. 
A lot of the time you are at school and your parents are at work and you won’t be able to 
see them until dinner. So that is a time to catch up with them.   

Through this observation, youth recognize that even though we live in a world surrounded by 

technology and CMC, there are certain times to connect with those around you, not through 

CMC. 

The importance of technology-free family time was a theme that emerged throughout all 

focus groups. One participant expressed, “If we are at the dinner table and we are on our phones, 

we are not talking about our day. So we don’t get closer as a family.” Another voiced that, 

“There are times when you have to put it down and just talk to your family and not bring it to the 
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dinner table.”  From all focus groups, there was strong recognition that family time should be a 

time to converse together and build strong family relationships, without the distraction of 

technology use by themselves or by their parents. 

Discussion 

 

This qualitative study addresses CMC use and the health of young people. In particular, 

the experiences and perceptions of young people are reviewed. Two overarching concepts 

emerged with respect to the potential impact of CMC on the lives of young people. The first is 

that the relationship between CMC and health is multidimensional relating, for example, to 

aspects of social, physical, mental and emotional health. The second is the duality of influence as 

use of CMC can result in both positive and negative influences to health. Furthermore, four 

specific themes emerged from discussions with youth around CMC. These focused on (1) 

physical activity, (2) mental and emotional disturbance, (3) mindfulness, and (4) relationships. In 

this discussion section, the four specific themes and the two overarching concepts are explicated 

in greater depth and related to existing literature. The aim is to reflect on the perceptions of youth 

populations specifically, and to explore their ideas about the relationship between CMC and 

health. 

The young people in our study sample recognized the probable impact of CMC devices 

on their overall physical activity, in both positive and negative manners. The youth expressed 

strong insight into the ability of CMC use to increase their sedentary behaviour. This finding 

accords with previous research. For instance, in Canada, it is recommended that youth spend less 
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than two hours per day sedentary, including time spent using CMC (Tremblay et al., 2011). 

Among an Ontario-based sample of adolescents, 25% of these young people used social 

networking sites for more than two hours per day, not including additional time spent using other 

methods of CMC (Koivusilta, Lintonen, & Rimpela, 2007). Sedentary behaviour, apart from 

physical activity, is linked to poor physical health outcomes such as higher BMI along with low 

self-esteem and poor academic success (Tremblay et al., 2011). Findings suggest that youth are 

aware of how CMC increases time spent sedentary and how this is not beneficial for health. Even 

with this awareness, youth remain high users of CMC. Therefore, this knowledge does not 

appear to translate into behaviour change for this population of users.  

The second manner of probable influence of CMC use on physical activity, according to 

the youth, is in opposition to sedentary behaviour. Youth acknowledge the potential of CMC 

devices to facilitate physical activity through fitness applications downloadable to mobile 

devices. Adoption of this method to increase physical activity is suggested by Nicole, Evan, and 

Derikk (2015) for individual and school-based physical activity programs, but evidence of the 

effectiveness of these applications on health remains mixed (Quelly, Norris, & Dipietro, 2015). 

With diversity in applications directed to fitness, heterogeneous findings have emerged. Use is 

found to increase enjoyment and motivation for fitness (Turner, Spruijt-Metz, Wen, & Hingle, 

2015) but to produce insignificant changes to fitness and body composition (Quelly et al., 2015). 

Although participants suggested these apps were beneficial, the clinical efficacy of these 

applications remains unclear. Given this, the influence of CMC devices on physical activity is 

not one-dimensional. There are possible benefits such as fitness applications and connecting 
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individuals to active peers groups. However, with mixed findings, the utility of these devices for 

physical fitness and health is unclear. Even though the youth may see these devices as promoters 

of physical fitness in some situations, they may not be providing an overall benefit to health. The 

discussion among the youth in this study regarding the impact of CMC on physical activity was 

dominant towards sedentary influences. They are aware of a stronger pull of CMC to promote 

sedentary behaviours rather than activity; some youth may overestimate the fitness potential of 

their devices. 

Another category that emerged was the potential for negative emotional and mental 

health disturbances when engaging in CMC. The negative emotions such as stress, anger, and 

sadness that, according to the youth, result from engaging in CMC are also mentioned in 

previous research linking CMC with poor mental health outcomes. Use of CMC is associated 

with outcomes such as loneliness and low self-esteem (Chen & Lee, 2013; Sampasa-Kanyinga & 

Lewis, 2015) along with mental health issues such as depression, and feelings of anxiousness 

(Riedl, Köbler, Goswami, & Krcmar, 2013; Sampasa-Kanyinga & Lewis, 2015). Cyber bullying 

was also mentioned as a concern eliciting distressing emotions. Experiencing cyber bullying is 

consistently associated with rates of depression among young people (Hamm et al., 2015). This 

form of bullying can have more traumatic influences on young people as the public platform 

allows for an unlimited number of viewers and constant engagement at any point throughout the 

day. The link between distressing emotions experienced by youth and cyber bullying has been 

described in previous research, emphasizing the strong mental and emotional health components. 

Youth are aware that use of CMC has the potential to negatively impact their mental and 
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emotional health. Even with this awareness, youth still utilize this method of communication 

often to contact their peers. This method of communication has often become a social norm 

amongst groups of young people, even in early adolescence. The young people in our study 

indicated that negative emotional impacts did not lead to withdrawal from use. This finding 

points to the need for regulation of use in order to support strong emotional or mental health in 

young people. 

In the focus groups, the youth spoke of multiple situations at home, with their family, at 

school, or generally in their lives in which attention is taken from the present with use of 

technology. Mindfulness is being attentive to the present moment through being open, accepting 

and curious about current experience (Hassed & Hassed, 2016). Innate traits of mindfulness 

(Curtiss & Klemanski, 2014) along with mindfulness based training (Hofmann, Sawyer, Witt, & 

Oh, 2010) benefit mental health through improving situations of depression and anxiety among 

adults and youth (Kuyken et al., 2013). Our technology rich society does not always support 

mindfulness or developing mindfulness skills among youth as there exists a technology “co-

presence” in which we are often removed from the present moment through technology (Turkle, 

2008, p. 2). This allows for adoption of the “default mode”; characteristic of distraction, lack of 

attention and preoccupation in thoughts (Hassed & Hassed, 2016, p.53) as technology promotes 

multitasking and divided attention of the virtual and physical world (Turkle, 2008). These ideas 

are well illustrated by the results of our own study, which indicate youth being removed from the 

present while engaging in CMC. Given that mindfulness is a skill that is beneficial to health 
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(Hassed & Hassed, 2016), it is important for youth to limit distraction through CMC in order to 

support overall mental health and well-being. 

Youth also expressed distraction as a method of coping with poor current family or life 

situations. While many youth identified this emotion-focused repression coping style (Compas, 

1987) to be beneficial, literature does not point to an overall advantage of this coping style 

(Herman-Stabl, Stemmler, & Petersen, 1995; Mahmoud, Staten, Hall, & Lennie, 2012). 

Adolescents who cope using avoidant behaviours have significantly higher self-reported rates of 

depression (Herman-Stabl et al., 1995), anxiety and stress (Mahmoud et al., 2012). Lack of 

awareness is linked to mental illnesses, such as depression, through allowing the mind to 

ruminate on negative thoughts in a passive manner instead of drawing awareness to them (Ciesla, 

Reilly, Dickson, Emanuel, & Updegraff, 2012; Curtiss & Klemanski, 2014). Specifically among 

youth, the association between low mindfulness based traits, or inability to focus on the present 

moment, and low mood was mediated by rumination (Ciesla et al., 2012). Therefore, youth may 

not recognize the negative implications to their health in choosing to use CMC and technology as 

a distraction from real issues they are experiencing. They see self-removal from the present 

negative situation as a solution for short-term cessation of difficult emotions. This Band-aid like 

approach of removal from the present situation, through the use of technology, may result in 

poor long-term influences and adoptions of unhealthy coping behaviours early on in adolescence, 

which can influence coping and emotion regulation abilities in the future.  
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Modern technology devices have allowed for communication between individuals to 

transpire regardless of physical distance (Monge & Contractor, 2003). Further, these 

technologies have connected individuals who are separated by physical distance to the same 

virtual space, creating a sense of real gathering in a virtual world (Monge and Contractor, 2003). 

The youth in this study recognized and noted this benefit by referencing the ability of these 

technologies to bridge them to family and friends even when they are apart. These findings are 

consistent with views that CMC benefits connection by allowing for an expansion of one’s social 

network and continuous interactions with those whom they do not come across face-to-face 

(Hlebec et al., 2006; Lin, Sun, Lee, & Wu, 2007). This continuous connection can allow youth to 

feel closer to their friends (Valkenburg, Sumter, & Peter, 2011), benefiting their social 

relationships and perceived social support. With the popularity of use, youth use CMC often to 

connect with friends. Therefore, communication with others regardless of physical distance has 

become a part of their social norm as they value this ability to connect when apart. 

In contrast to the aforementioned benefits, CMC also poses barriers to social health. 

Through the depth, consistency and frequency of occurrence in all focus groups, along with the 

plethora of examples and situations of impact, the largest potential influence of CMC on overall 

health are the possible negative implications of use to social health. Use of CMC was discussed 

to negatively influence social health through impacting communication with others and 

consequently our relationships. Both communication and relationships have been altered through 

adoption of CMC in society and work hand in hand to impact our social networks and support 

from peers. These two aspects will be discussed further below. 
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Youth acknowledged some innate and non-modifiable features of CMC that act as a 

barrier to communication. For example, the lack of social cues present when using this method 

of communication affects the depth of connection possible. Previous research has identified that 

vocal cues are important for conversation, since without hearing a voice there is a high threat of 

perceived insincerity and conflict through misunderstanding someone’s true intention (Park, 

Chung, & Lee, 2012). The youth also recognized that CMC reduced time spent engaging in face-

to-face communication with others. In the past, it would be impolite to stop a face-to-face 

conversation with someone to check messages on your device or sit next to someone in a public 

space and not acknowledge the other person (Turkle, 2011, 2012). With individual technological 

devices, this has become accepted behaviour for many people (Turkle, 2011, 2012). This 

phenomenon can be explained through the displacement of social interaction hypothesis put 

forward by Kraut et al. (1998). This hypothesis outlines that through integration of CMC in 

society, less communication is taking place face-to-face and, therefore, less satisfying 

relationships between individuals are being produced (Kraut et al., 1998; Turkle, 2011). With 

this displacement we have “confused connection with conversation” as small CMC based 

interactions are not able to replace connection through conversation (Turkle, 2012). Warnings 

made by scholars regarding the reductions in conversation and poor communication quality 

associated with CMC are reflected in the perceptions of the youth in our focus groups. Even with 

these cautions by scholars and youth recognizing limitations as well, CMC continues to be used 

frequently for communication. 
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In addition to the other social related influences already mentioned, it was also identified 

that use of CMC influenced not only communication potential and relationship initiation between 

individuals, but also the quality of our relationships. Youth strongly referenced negative 

implications of CMC use while with their family members as it prevented them from engaging 

with one another and in turn they “don’t get closer as a family.” Research indicates that we do 

not have to be using our CMC device for it to influence relationships. The presence of a 

cellphone alone while individuals are interacting prevents meaningful conversation among 

individuals, reducing their perceived closeness to one another (Przybylski & Weinstein, 2012). 

In situations with strangers or even with family members, CMC provides a strong distraction to 

communication and building relationships. The youth in this study recognized communication as 

an important ingredient for strong relationships, especially with family. Strong family 

relationships can protect youth from engaging in risky behaviours such as alcohol use, smoking, 

and early sexual initiation as well as providing support for youth experiencing mental health 

challenges (Viner et al., 2012). With concern over potential loss of connection due to CMC use, 

movement towards device limited time with family members and friends may be one avenue for 

intervention that may be adopted by youth and support them in building strong relationships and 

social support. 

Two overarching concepts identified through building upon the perspectives of CMC use 

among youth include: (1) the multidimensional relationship between CMC and health and (2) the 

duality of positive and negative potential influences for health. The way in which the youth 

express the influences of CMC is consistent with a holistic view of health as it consists of 
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multiple domains. This holistic view of health is reflected in the World Health Organization 

definition of health as it identifies health as “...a state of complete physical, mental, and social 

well-being…” (World Health Organization, 1948). Since youth expressed experiencing the 

potential influences of CMC in this holistic way, continued adoption of these domains in regards 

to youth health promotion initiatives is supported. In addition, the dual impact of both positive 

and negative elements is in line with the inconsistency shown in the literature. It showcases how 

this complex issue does not hold consensus in terms of CMC use being only harmful or only 

hurtful to health. The conflicting health beliefs around the influences of CMC present a barrier to 

behaviour change of withdrawing use, as there are not solely negative implications. This poses a 

challenge for health promotion efforts in the future. 

Current literature supports the youth perspective of the relationships between CMC and 

health. Even with recognition of harm on physical, mental and social health, use of CMC devices 

remains high amongst this cohort (Steeves, 2014). It is important to recognize that youth are 

aware of the potential detrimental health effects of CMC but also value the benefits. In 

conclusion, CMC can potentially influence health but the active choices we make about the 

frequency and manner of use ultimately determines the overall health influence. These choices 

can allow space for balance and control of the positive and negative potential influences to our 

health. 
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Limitations 

 This study has specific limitations. The data are limited in scope since data collection was 

only conducted in Ontario, and these findings might not be transferable to all Canadian young 

people of this age bracket. Focus groups were conducted with grounded theory inspired 

methodology (Michaelson et al., 2015), with a focus on holistic health. Therefore, CMC use by 

youth surfaced early on and was probed for in subsequent focus groups but was not an initial 

focus of data collection. This may reduce depth of data regarding CMC, as it was not an initial 

aim of the focus groups. Limitations also exist within the focus group format itself. The groups 

were conducted at one point in time and, therefore, do not reflect changes in opinions or 

perspectives. With this method of data collection there is the potential for a few youth to 

dominant the discussion and data collection, preventing all opinions to surface within the group. 

This limitation was minimized through the involvement of trained facilitators who moderated all 

sessions. Finally, researcher biases have been introduced into this study as it was conducted 

following a quantitative investigation. Potential biases involve the assumed directionality of 

CMC use influencing health outcomes along with an interest on social implications of the 

relationship between CMC use and the health of youth.  

Strengths 

The strengths of this qualitative study are in the depth and richness of the data collected 

from the youth. The diverse male and female participants were recruited from a variety of ages, 

geographic areas throughout Ontario, and with different amounts of time spent living in Canada. 

All youth were engaged during the focus groups, eager to share their voice and contribute to 
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health science research. These data are their opinions and experiences, adding strength and 

trustworthiness to findings. Trustworthiness is further supported by strong rigour, achieved 

through line-by-line coding, development of an audit trait along with triangulation of researchers 

to verify analysis. 

Implications for Interventions and Further Research 

This study reveals that multiple domains of health are related to CMC use in both 

positive and negative ways. There is a need to recognize the potential impact of CMC and 

technology use on health in a more holistic way. This study on CMC use and the health of young 

Canadians advances our awareness of possible health impacts that could be considered in future 

research in order to advance the discussion beyond youth safety while engaging with others 

online. Currently, there are limited resources for parents to support them in encouraging healthy 

and safe use of digital technology. This study promotes adoptions of health promotion practices 

recognizing all aspects of health that CMC influences. Additionally, recognition of both the 

negative and the positive likely impacts of CMC on health will allow youth, parents and 

teachers, to identify these influences and perhaps identify ways to take steps in regulating CMC 

use in order to maximize the beneficial aspects for health and control the negative ones. One way 

to do so is to restore time for conversation such as the dinner table, car rides, or times spent with 

friends (Turkle, 2012). The American Academy of Pediatrics (2013) released a policy statement 

offering recommendations for parents regarding media use (American Academy of Pediatrics, 

2013). They suggest limiting screen time to no more than two-hours per day through strategies 

such as no Internet connected devise in the bedroom along with developing a family plan for 
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media use that establishes rules for using of cell phones and Internet for all family members. 

These rules can include “curfews” for use around dinners and bedtime (American Academy of 

Pediatrics, 2013). Youth in our focus groups recognized that use of CMC should be limited both 

in terms of length of time as well as activities engaged in. Having these discussions around 

setting limits to CMC use will promote healthy CMC practices and best serve overall physical, 

mental and social health.  

Conclusion 

From the perspectives and opinions of Ontario youth, computer-mediated communication 

has a diverse relationship with health. For these young people, engagement in CMC can 

potentially influence physical, mental and social domains of overall health in both positive and 

negative ways. The discussed negative implications of CMC for social health were most 

dominant. This method of communication connects us but poses limitations to our relationships 

through absence of social cues and reducing face-to-face engagement with others. The youth 

themselves strongly identified the need for face-to-face communication, not just CMC, to grow 

closer to individuals. Based on these findings, we recognize the need for actively choosing to 

step away from our devices and encourage the reintroduction of face-to-face discussions in the 

schoolyards and in our homes, where these may have been lost. This action will reduce screen 

time and distraction, allowing for the promotion of relationships with one another in the present 

moment, and support building of social supports. Even though the dominant potential influence 

was negative, we recognize that there are beneficial aspects of CMC that need to be captured and 

enhanced to support the overall well-being of youth. 
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Chapter 5 

General Discussion 

5.1!Integration of Quantitative and Qualitative Findings  

The aim of this thesis was to investigate the potential health impacts of CMC use by 

Canadian youth. We undertook two independent yet complimentary investigations. Manuscript 1 

estimated risks for loneliness in association with verbal, text messaging and social media CMC 

use reported by Canadian young people, and studied these relationships via interactive models 

that considered family communication quality as well as potential confounders. Manuscript 2 

qualitatively assessed the potential influence of CMC on the health of Ontario youth, using a 

broad and holistic view of health. Both manuscripts contribute new understanding about the 

complex nature of the influence that CMC has on the health of Canadian youth. 

Summary of Quantitative Findings 

The quantitative findings identified that the relationship between CMC use and adolescent 

loneliness is not uniform for all youth, as it depends on the perceived quality of family 

communication that youth experience. Overall, loneliness is more frequently reported with lower 

relative levels of family communication. However, in this group CMC was not related to 

loneliness. Conversely, among a specific group of youth who reported experiencing high relative 

family communication quality, daily use of CMC was associated with reporting “often feeling 

lonely”. This highlights that family factors along with use of CMC use are essential to consider.  
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Summary of Qualitative Findings 

Our qualitative analyses provided indication of a strong and diverse potential influence of 

CMC on physical activity, mental health, mindfulness and relationships. Positive and negative 

influences on health are considered. For example, engagement in CMC is positive when it 

connects youth to those who are physically distant, but acts as a barrier to face-to-face 

conversations and relationships, especially amongst family members. High technology and CMC 

use within the home is an important concern for youth and they recognized and endorsed a need 

for regulation and technology-free family time in order to remain connected with one another. 

With these findings, the extent of time spent using CMC along with the ways in which it is being 

used are deemed important for the nature of their health impact. 

Integration of Findings from Both Research Approaches 

Both quantitative and qualitative research approaches provide new evidence that could 

assist in the development and targeting of public health policies and programs. These approaches 

have inherent strengths and weaknesses [1–5], though the strengths of one method can address 

the weaknesses of the other when used in combination to address a research question [6]. 

Utilization of both approaches provides additional depth and breadth of interpretation. Findings 

from both studies suggested, for example, that CMC has non-uniform possible influences on 

social health. Both studies also indicated that health is significantly associated with family 

characteristics. The impact of traditional factors, such as the family unit, should not be ignored 

when considering the relationship between modern exposures such as CMC and health. 
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Both manuscripts and research approaches highlight the unique and non-uniform 

relationship between CMC and the health of youth, particularly in the areas of social health. The 

qualitative findings indicated that CMC is linked to elements of social health. This is also 

reflected in the quantitative analyses of loneliness, as loneliness can result through poor quality 

or quantity of social interactions. Furthermore, the quantitative analysis highlights how CMC use 

can be harmful for some sub-groups of youth but not for others. The qualitative analysis also 

indicates a diverse relationship between CMC and health, particularly through the positive and 

negative potential influences on social health. Lack of conversing with family members and 

ineffective communication with others through CMC may negatively impact social relationships. 

In contrast, when CMC is used to engage with those who are physically distant and is actively 

regulated in terms of choosing technology-free family time, not only is use not solely negative, 

but it could have beneficial implications to social health. The health impact of CMC may be 

different based on regulation of use or by the rules set at home by parents to encourage healthy 

usage boundaries and healthy relationships with others. Situational factors such as family 

communication quality and the different ways that CMC can be used, are important to capture in 

order to fully understand the diverse influence of CMC on the health of young people.  

Importantly, both the quantitative and qualitative analyses highlight the potential influence 

of family communication quality on the health of young people. The quantitative findings show 

that irrespective of CMC use, lower relative levels of family communication quality were 

strongly associated with loneliness among youth. Further, as compared to non-daily users, daily 

use of CMC in youth from families with high relative family communication quality was 
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associated with often feeling lonely. This can be explained through our understanding of the 

displacement theory [7] and the parallel qualitative findings from this study. Young people often 

engage in CMC in the home when surrounded with family members. They may be together in 

the presence of their family but displace time spent interacting with them, to instead engage in 

CMC with their friends. With this, youth may perceive their family to have a supportive family 

environment but experience loneliness from reduced family interactions due to CMC use.  

The potential negative effect of displacing family interactions for CMC use is consistent 

with previous research. Teppers et al. (2014), identified that the time youth spent on Facebook 

per day was positively correlated to loneliness originating from the relationships that youth have 

with their parents (p= 0.21, p<0.001) [8]. Additionally, loneliness can result from the withdrawal 

of parent relationships in exchange for peer socialization [9]. This shift may be more impactful 

for youth who experience strong family communication as youth who are not close with their 

family have more to gain from online conversation. Overall, these complementary qualitative 

and quantitative findings tell a similar story: CMC potentially influences health in different ways 

among sub-groups of youth and that the relationship is dependent on external and contextual 

factors, including family communication quality. 

Integration of findings from both methods yields a more clearly defined interpretation 

regarding the complex influences of CMC on health. Qualitative findings speak to a desire for 

youth to regulate CMC use and engage in communication with family members. This is 

supported with quantitative findings of more loneliness reported by youth of families of low 

relative family communication. Given this, reduced CMC use provides an opportunity to 



 

 

 

119 

increase time spent engaging with family members and to prevent the development of loneliness 

among young people. Promotion of technology-free family time could minimize the potential 

negative implications of CMC on adolescent health, and also promote strong communication and 

relationships within the family [10]. These modifications lack testing of effectiveness but are not 

limited by economic or family structure. Further, they promote reduced screen-time, allowing 

families to move closer to the screen-time recommendations of less than two hours per day [11]. 

Last, building strong social supports within the family will further protect youth from other 

compromising health behaviours and outcomes such as externalizing and internalizing 

behaviours, and benefit self-reported quality of life, well-being and life satisfaction [12–14]. 

Together both investigations provide insight to various elements of young people’s lives 

that must be considered when investigating the relationships between CMC and health. Factors 

such as family characteristics, how youth are using their device, along with the activities missed 

when engaging in CMC should be considered when investigating the relationship between CMC 

use and health outcomes. All of these factors would not have been identified from a quantitative 

or qualitative investigation alone. Furthermore, the added depth and breadth brought to overall 

findings would otherwise be missing without the adoption of a mixed methods design.  
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5.2!Validity of the Epidemiological Investigation 

Epidemiological studies that are exploring associations aim for precise and valid estimates 

of effect between exposures and a health outcome [15]. Achieving precision of effect estimates 

involves limiting random errors in sampling or measurement, while accuracy denotes a lack of 

systematic biases within a study in order to ensure that findings are valid [15]. Internal validity 

ensures that effect estimates for the population under study are accurate, whereas external 

validity identifies the ability of study findings to be applied to a larger population outside of the 

specific study [15].  

5.2.1!Internal Validity 

Confounding 

Confounding occurs when the risk estimate identified between an exposure and outcome 

does not result, in whole or in part, because of the presence of a primary exposure variable, but is 

attributable to a third or additional variable [15]. A confounding variable, or confounder, must be 

independently associated with both the exposure and outcome of interest and not lie on the 

causal pathway [15]. To adjust for confounding in this study, a multilevel Poisson regression [5] 

was conducted adjusting for covariates identified a priori, utilizing backwards selection 

procedures with a liberal p-value of 0.20. All potential confounders meeting the conservative 

criterion were forced into the model. To identify which potential confounders displayed a true 

confounding effect on the association of interest, a change in estimate approach was also 

conducted with a true confounder exhibiting a 10% change in effect when added into the model 

[15]. Covariates of interest including: “biological sex”, “school grade”, “family structure”, 
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“frequency of contacting friends”, “peer support”, “perceived family wealth, and “involvement 

in group activities” did not lead to a 10% change in risk for all CMC types, and therefore they 

remained potential confounders based on theoretical as opposed to statistical criteria [15]. 

Presence of mental health concerns through “feeling low or depressed” confounded the 

relationship between loneliness and all three methods of CMC investigated. This item impacted 

the risk estimates by 12.8% to 14.6%, satisfying the above criteria for confounding.  

Residual confounding in analyses can potentially remain, even when utilizing this two-step 

process of identifying and adjusting for confounding. Residual confounding occurs when 

confounders of the association of interest are not adequately controlled for [16]. Uncontrolled 

confounding can also occur when confounders of the relationship of interest are unavailable [16]. 

Both residual and uncontrolled confounding can result in a biased measured of effect [16]. There 

is potential for uncontrolled confounding as the HBSC survey does not assess personality traits 

such as shyness or introverted personality that can influence communication with friends through 

CMC and the self-identification of loneliness [17,18].  

Information Bias 

Incorrect measurement of either exposure, outcome, or confounders is referred to as 

information bias in epidemiological studies, if ascertainment is related to outcome status or vice 

versa [19]. This type of bias is important to consider as it can influence the accuracy of effect 

estimates. In the quantitative manuscript, it was improbable that measurement bias occurred, as 

any errors in exposure ascertainment are not likely to be related to the outcome of loneliness. 

Exposure to CMC, ascertained through the HBSC survey, could potentially be misclassified as 
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the examples provided for each CMC type are not necessarily reflective of popular current 

platforms in this age group (i.e., MySpace, BlackBerry Messenger) [20]. With the ability for 

youth to download communication-based applications to their mobile devices, the technology 

mediums that they utilize have changed rapidly. Further, misclassification of exposure could 

occur through errors in reporting the high frequency of daily use. Youth could have responded by 

indicating the number of individual messages sent or the number of interactions with peers that 

transpire through CMC, which could involve multiple messages per interaction. Additionally, the 

seven-day recall period may not be representative of their overall CMC use, misclassifying their 

typical exposure to CMC. These mechanisms of CMC exposure misclassification would likely 

result in non-differential misclassification, since the level of misclassification is uniform 

amongst all youth and not based on outcome status [15]. Non-differential misclassification 

would bias the effect estimate towards no effect [15].  

Recall bias is a form of information bias in which accuracy of information reported to 

identify exposure or outcome status is different amongst participants in comparison groups based 

on their ability to recall their exposure status [19]. Recall bias is often an issue in survey data 

involving a long period of recall to ascertain exposure status [21]. In the quantitative analysis, 

recall bias is not a concern, as reporting was unlikely to differ between comparison groups. Since 

CMC has become ubiquitous in society, there would not likely be any systematic bias resulting 

in over or under reporting of CMC exposure. Further, recall error is likely to be minimal as 

exposure to CMC is based on a short recall period (i.e., seven days). 
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Error in measurement can also occur through social desirability bias, as individuals report 

what they feel may be expected or desired of them, instead of a response reflective of their true 

status or experience [22]. This is likely based on their perception of desired traits reflective of 

their society or culture [22]. Pressures to conform to socially desired characteristics might 

influence the findings of both qualitative and quantitative studies. First, youth may be hesitant to 

report their feelings of loneliness when completing the HBSC survey, as there may be negative 

connotations associated with feeling isolated and lacking social support. Second, loneliness is 

strongly linked to mental health issues [23], which hold a negative stigma in society [24]. In the 

qualitative focus groups, pressures related to social desirability may have surfaced, resulting in 

youth being reluctant to share differences in experience or opinions that do not conform to those 

being reflected by other participants. Additionally, youth may not wish to share experiences of 

negative family dynamics and CMC use, as it would result in them speaking poorly of their 

family. With recognition of potential social desirability, this bias is minimized in the qualitative 

study through the experience of trained facilitators along with developing a comfort level and 

rapport with youth in each focus group before discussion begins. 

Selection Bias 

Selection bias can occur when those who participate in the study differ, based on exposure 

and outcome of interest, from the population of individuals who do not participate or have 

different factors influencing the participation in the study [19]. This selection must lead to bias in 

the effects estimated in the exposure-outcome relationship [19] which can occur when there is 

insufficient heterogeneity of exposure among those selected for study. Selection bias becomes a 
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concern when inferring results to the general population of Canadian youth, namely those not 

specifically involved in the Canadian HBSC or focus groups directly. This may have occurred 

because the HBSC study in Canada does not include students who attend private schools, who 

live on reserves, are home schooled or incarcerated, for example, and these are sub-populations 

within the broader Canadian youth population who would not be represented in the sample [25]. 

The focus groups were limited to young people who live in Ontario, and as is normative in 

qualitative research, this small sample was not intended to be generizable to all Canadian youth.  

The quantitative and qualitative study participants could also have been influenced by 

selection bias, in terms of representativeness of participants, through the requirement of active 

parent consent. This form of consent was required for participation in the HBSC study for some 

school jurisdictions and was a requirement for participation in all of the qualitative focus groups 

[3]. With this requirement, youth involved may experience differences in exposure and outcome 

status in comparison to those who would not be able to provide this type of consent and therefore 

were unable to participate. For example, participants may experience different family dynamics 

and relationships influencing their loneliness and different family rules regarding CMC use 

within the home compared to the general population of youth. Different family dynamics such as 

stronger parent child relationships, and increased parent involvement may allow for successful 

parental consent and participation, in opposition to those who do not experience these family 

relationships and therefore unable to participate.  

Additionally, both the HBSC survey and the focus groups were conducted at one point in 

time. The HBSC survey was administered in the classroom during one scheduled period of class 
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time and the focus groups were conducted in one sitting at each location [25]. Those absent from 

school on the day of the survey or unable to attend the focus groups could have different 

experiences compared to youth that were in attendance. Mental health issues or issues within 

families present key reasons for absences from school or activities such as the focus group for 

youth. With frequent absences, these youth may also use CMC to contact friends at different 

frequencies to remain in contact. Hence, experiences of loneliness and CMC may potentially be 

different among those who were in attendance versus those who were not. The presence of 

selection bias may be present. 

Chance (Type I Errors) and Statistical Power (Type II Errors) 

Random error that occurs throughout the study by chance alone, threatens the overall 

precision of study findings [15]. Random error in a study could lead to findings that arise due to 

a type I error or concluding an association existed when in truth it does not [21]. To address this, 

concern both confidence intervals and p-values were reported in order identify precision, random 

error and any uncertainty of findings [15]. Utilizing p-values and confidence intervals, statistical 

criteria for significance was set at an alpha level of 0.05. At this level, there was a 5% chance of 

type I error in this study.  

A type II error involves a failure to identify an association when in truth, an association 

exists [21]. Power calculations [26] were conducted for all three CMC exposures, considering 

effect modification by family communication quality. The large sample size of the HBSC study 

(n=30,117) permitted sub group differences of 2% to 4% to be detected with 80% power, when 

testing for effect modification by family communication quality. The smallest detectable 
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differences in the proportion of youth who identify as lonely in the lowest quartile of family 

communication, between non-daily and daily CMC users and reach 80% power ranged from 

3.2% to 4.3%. For example, there is 83% power to detect a difference of 4.3% in the proportion 

of lonely daily-users of verbal and non-daily users of verbal CMC in the lowest quartile of 

family communication. This corresponds to a RR of 1.09. The relative risk of loneliness for 

verbal CMC users in the lowest quartile of family communication is 1.75 in this study. 

Therefore, there was adequate power in this study to detect the aforementioned differences. If the 

true differences were less what was detectible with 80% power, there is potential for a type II 

error as there would be inadequate power to detect the true minimal differences of effect present 

in this study. 

5.2.2!External Validity 

 External validity refers to the generalizability of research findings outside of the sample 

under study [15]. Biologically rooted associations have greater potential to be externally valid 

compared to socially generated associations [15]. The generalizability of socially generated 

associations are often limited to populations reflective of similar social, cultural or 

environmental conditions [15]. Investigation of the health impacts of CMC among young 

Canadians illustrates a socially determined phenomenon, and is therefore applicable to those 

populations who exhibit similar adoptions of CMC practices. In a sub-group of 30 participating 

HBSC countries, reported frequency of CMC use was similar to that identified in our Canadian 

study [4]. With the popularity of smart phones, tablets and laptops in many parts of the world, 
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these findings could be externally valid and generalizable to many populations of youth living in 

similar technology rich societies.  

5.3!Potential for Causation in the Quantitative Study 

Observational epidemiological studies can investigate potential associations between 

exposures and outcomes of interest. To further understand the relationships of interest, one must 

determine if the association found is causal in nature [21]. The presence of an association does 

not imply causation. The following criteria were established in order to guide interpretation of a 

potential causal effect between exposure and outcome [21]. 

Temporality 

An important criteria to support causation is temporality- ensuring that the exposure 

precedes outcome development [21]. Reverse causality is possible in the current cross-sectional 

analysis. Either exposure or outcome could have occurred first in progression. Conceptually, use 

of CMC methods can influence feelings of loneliness in youth but it is also possible that feeling 

lonely impacts the frequency of engaging in various CMC methods with friends. With the 

potential for reverse causality, the criterion of temporality was not completely met. 

Biological Plausibility 

Biological plausibility outlines the biological or social framework that links exposure to 

outcome status [21]. For this study, social and conceptual theories link use of CMC to various 

health outcomes including loneliness. The Theory of Physical Proximity [27,28] and Social 

Presence Theory [27,28] each frame CMC as bridging contact between people who are distant, 
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and notes this as vital for relationship building. Without being physically present, the experience 

of conversation may not be as rich [27,28]. Further, the quantitative study utilizes a population 

health approach drawing from a model of the social determinants of health [29], which outlines 

that CMC use can influence the health of young people through providing social support and 

social networks for youth. Furthermore, the family environment also influences this relationship 

through the social support provided by the family. Given these underlying theoretical constructs, 

there is social plausibility for CMC use to impact loneliness among youth. 

Strength of Association 

A strong measure of effect is an additional factor that supports causality [21]. In the 

quantitative study, strength of association is measured through estimates of relative risk. The 

relative risk of loneliness among daily users of verbal CMC is 1.28 (95% CI=1.09-1.52) and 1.34 

(95% CI= 1.15-1.56) for daily users of social media at the highest relative quartile of family 

communication. Therefore, a significant but weak association was identified with daily use of 

CMC, therefore the criterion of strength of association was not met. 

Consistency 

When the results of a study are consistent with previous findings in the field, this supports 

a true effect existing between the exposure and outcome of interest [21]. Findings in this thesis 

are somewhat different than reported in the existing literature [30–35]. Early studies with this 

focus demonstrated negative impacts related to a decrease in social support and face-to-face 

engagement with others [30,35]. Due to the ever-changing nature of technology and widespread 

adoption of CMC in the last 15 years, the social potential of these devices has changed. More 
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recent studies have identified beneficial effects of CMC on social networks and support [31,32]; 

however, there is inconsistency in the field as caution still exists regarding negative implications 

of our technology rich society [33,34]. Investigating the literature alone, there is not support for 

consistency in the association of interest. 

The quantitative analysis shows a consistent association between loneliness and family 

communication quality that does not vary by CMC type. On the other hand there is an 

inconsistent relationship between CMC use and loneliness when investigated at quartiles of 

family communication separately. Considering both the field of literature along with the 

quantitative findings, there is inconsistency in the relationship of interest in this study. 

Dose-Response Relationship 

If an association is truly causal, higher duration or quantity of exposure should correspond 

to a greater risk for the outcome [21]. The current investigation compares daily use of the three 

CMC methods to non-daily use, which is comprised of “never”, “less than weekly”, and “weekly 

use”. When this variable is considered in its original form in a subsequent sensitivity analysis, 

the findings remained consistent. Therefore, classifying CMC broadly to include “less than 

weekly” and “weekly use” does not change the associations present. It is possible that there is the 

potential for a dose response relationship to emerge with additional data regarding higher 

frequency or “extreme” daily use of CMC. Without data regarding more frequent use for this 

population of youth, this remains uncertain. A dose-response relationship does not exist for the 

association of interest using the data that are currently available. 
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5.4!Rigour and the Qualitative Analysis 

Conducting a study with rigour helps to ensure that findings are worthy of attention and 

consideration [36]. To establish rigourous qualitative work, trustworthiness is established based 

on assessing the credibility, transferability, dependability and confirmability of findings [36]. 

Details on how each criterion is met in the qualitative manuscript are provided below. 

Creditability 

Creditability of findings can be compared to a quantitative assessment of internal validity, 

as it ensures that study findings accurately represent reality for study participants [37,38]. We 

established creditability through triangulation of researchers, gaining familiarity with youth 

culture, and utilizing purposeful sampling procedures [36,37]. Three researchers who 

independently coded and then actively discussed overall findings throughout all stages of 

analysis achieved triangulation. Involving multiple researchers, in opposition to one individual 

drawing conclusions independently, allowed for individual biases to be explicit, resulting in 

greater transparency in the summary and interpretation of the findings [36]. Further, receipt of 

input from a youth advisory group who reflect opinions from the same age cohort permitted us to 

gain a better understanding of youth culture, behaviours, thoughts, and opinions. Lastly, 

purposeful sampling allowed for recruitment of youth in diverse areas throughout Ontario based 

on demographics such as age, sex, urban/rural status and length of time since immigration to 

Canada. By selecting homogenous groups, but sampling for heterogeneity across the groups, the 

study includes a range of opinions and perspectives, adding richness to the overall data collected 
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and the phenomenon uncovered. This diversity allows findings to reflect a broader range of 

experiences of youth within the age group. 

Transferability 

Transferability is conceptually similar to the quantitative idea of external validity as it 

assesses the extent that findings can be applied more generally to different settings or 

participants [37–39]. While qualitative research is not meant to be generalizable, by providing 

details on the geographical locations of sample recruitment, demographics of participants, and 

detailed descriptions of the study findings [36–38], readers are able to make their own judgments 

about potential transferability of qualitative findings to other groups or contexts. We believe 

these results are likely relevant for other groups of similar-aged young people in Canada, outside 

niche cultural or geographic groups, but these assessments would be done on a case-by-case 

basis. 

Dependability 

Dependability refers to overall reliability of study findings [37]. It is assessed through 

reviewing the analysis post hoc to determine how decisions were made [37]. Dependability was 

ensured through developing an audit trail which includes memos created through early coding 

procedures, code descriptions and notes of the early analytic process [36,37,39]. The audit trail 

allows for a stepwise outline of progression from raw data to the development of key themes, 

explicitly displaying the entire research project along with details to allow for repetition of the 

work [38]. Maintaining a clear record of the analytic process supports dependability of the main 

findings.  
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Confirmability 

Confirmability relates to the findings in being a reflection of the experiences of study 

participants and not simply those of the researcher or research team [38]. The researcher is to 

remain reflexive about personal biases through discussion of various aspects of findings that may 

not come directly out of the data [38]. Triangulation of researchers to mitigate individual 

investigator bias along with a strong audit trail helps to ensure confirmability [36–38]. These 

results were also discussed with a youth advisory group who deemed them to be plausible thus 

helping support confirmability. 

5.5!Additional Strengths  

Strengths of this thesis include the mixed methods, qualitative and quantitative, design to 

explore the influence of CMC on adolescent health. Through this research approach, both 

epidemiological associations and the close narrative of individuals with personal knowledge of 

the topic helped to inform conclusions. Integration of both methods added depth and detail to the 

overall conclusions as the qualitative analysis added depth to the quantitative analysis and the 

quantitative analysis added breadth to the qualitative analysis [6]. In isolation, the quantitative 

study allows for specific insight into the issue of loneliness with respect to use of CMC and the 

qualitative study examined CMC with a broad view of its health impact. By integrating both 

study methods, the strengths of both methods worked together to enhance the overall 

understanding of the topic area.  
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The quantitative study has a number of strengths. First, it employed a large nationally 

representative sample of Canadian young people. Not only are all provinces and territories 

sampled in the 2014 HBSC study, but application of sample weights support generalization of 

the sample to the population of Canadian youth. Further, the large sample size of the HBSC 

study allows for sub-group comparisons to be made, even with the presence of missing data. A 

complete case analysis [40] was done in order to address missing data. Since low amounts of 

missing data were observed (less than 10%) for all exposures and the outcome variable, it is 

assumed that a complete case analysis will not bias effect estimates [41]. Removal of all missing 

values did result in a greater proportion of females and high school students (grade 9 to 10), but 

the proportions of the main exposure and outcome remained the same. Given this, it is likely that 

the data are missing at random as missing data are related to both sex and school grade. A 

methodological strength of the quantitative study was our use of a multilevel Poisson regression 

analysis to control for clustering. Since sampling occurred through a two-stage clustering design, 

independence of participants cannot be assumed since students within the school may hold 

higher similarities than between different schools. The random-effects multilevel Poisson 

regression accounts for the clustered binary data without the wide confidence intervals produced 

through traditional Poisson regression models for dichotomous outcomes [42]. 

The qualitative analysis has specific strengths inherent to the research approach and quality 

of data collected. First, the qualitative approach allows for the voices of youth to be highlighted, 

upholding the rights of Ontario youth to participate in research pertaining to them [3]. Further, 

the youth were sampled from diverse age groups and geographic areas within Ontario, providing 
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potentially some diversity in experiences with CMC. All participants openly shared their 

experiences with trained facilitators, producing richness to the data that is rooted in the 

experiences of the youth participants [3]. 

5.6!Future Research Directions 

The findings of this thesis suggest numerous opportunities to further investigate the effect 

of CMC on the etiology of loneliness. First, family and peer support characteristics along with 

being female were strong risk factors for loneliness among Canadian youth. Since loneliness is 

strongly linked to mental health outcomes [23], future research should continue to investigate the 

origins of loneliness development, especially among youth of relative high family 

communication. Second, there are opportunities to investigate high frequency CMC use by 

including extreme CMC users. This study identified users as being “daily users”, without insight 

into frequency of use throughout one day. Extreme users may exhibit different measures of effect 

in comparison to daily users. Beyond investigating frequency of CMC use, it may also be 

important to consider particular reasons why and how a young person is using CMC. This may 

uncover issues such as addictive behaviours or cyber bullying. Current etiological research often 

quantifies use as Internet alone, which captures multiple CMC methods, producing an imprecise 

measure of effect [43–47]. Future investigations of the etiology of loneliness and utilization of 

specific and distinct definitions of CMC use will further advance the field.  

The qualitative analysis showed that use of CMC impacts various domains of health 

including physical, mental and social elements. Moving forward, a holistic and diverse lens 

should be utilized when addressing the influence of CMC on health. Adoption of multiple 
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measures or items assessing holistic health in studies of CMC would allow for this complicated 

impact to be assessed in a more all-encompassing manner. Second, since these findings were 

assessed qualitatively, a quantitative study exploring the influence of CMC use on each domain 

of health would enrich the literature on the diverse impacts of CMC. Investigating these 

associations through the use of longitudinal or experimental studies would also further advance 

the field. Knowledge gained regarding the diverse impact of CMC on the multiple domains of 

health came directly from the experiences of youth, therefore, continued investigations on CMC 

among this population should consider integrating youth in the research process. 

5.7!Public Health and Policy Implications 

Findings from this study provide evidence in support of family-based health promotion 

initiatives and also address the diverse impact of CMC use on health outcomes. These results 

indicate various areas for implementation and topics of interest for public health and policy 

interventions moving forward. 

The results of this thesis highlight that a key point of intervention is within the family 

home. Low relative levels of family communication showed a strong association with loneliness 

among Canadian youth. CMC use was associated to loneliness among families of high relative 

communication and was expressed as a barrier to strong family relationships in the qualitative 

findings. The family home provides the most proximal place for promotion interventions for 

overall health, healthy technology use, and building strong family relationships. The American 

Academy of Pediatrics [48] and Public Health Ontario [49] have developed guidelines for 

parents to promote healthy technology use that involve recommendations including: enforcement 
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of rules regarding limitations to use, removal of devices from the bedroom along with 

monitoring use through engaging in the technology-based activity together [48,49]. In support of 

these guidelines, greater technology-free family time was suggested as an intervention option by 

the youth directly. Technology-free family time, such as sharing dinner together 5-7 times per 

week, increases the odds of family support (OR=3.7, 95% CI=3.38-3.94), positive family 

communication (OR=2.8, 95% CI=2.58-3.04), and self-esteem (OR=2.1, 95% CI=1.98-2.24) 

[14]. Therefore, specifically among families that communicate well, simple changes at meal 

times or during car rides to engage with one another and reduce CMC would allow for promotion 

of healthy relationship, and potentially reduce rates of loneliness [10,50]. Furthermore, these 

intervention strategies apply to all socioeconomic positions and family structures, as they are 

flexible in nature. Small changes within the family home to promote technology-free time, 

especially among families of high communication quality, would support healthy practices for 

youth and all family members.  

Another potential opportunity for interventions to promote healthy technology use is at 

school. Youth spend a large portion of their day at school and they identified many situations 

involving CMC use in school environments. The qualitative findings do not support a full ban on 

CMC devices at school but indicate a strong directive as to the way technology could be used to 

support positive health outcomes. First, school-wide policies supporting limited or no use of 

personal devices during class time are suggested as youth spoke to high distraction and lack of 

attention during school when being contacted by individuals through their device during school 

time. Second, since youth are high users of CMC and other digital technologies, initiatives to 
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integrate their use of technology during school hours, in a constructive way, can occur. An 

example of this is through use as physical activity promotion tools [51]. Third, youth should be 

educated on the diverse and non-uniform influence of CMC on health. Media literacy education 

programs positively effect media knowledge, criticism, influence, and attitudes among youth 

when the program includes multiple sessions covering few concepts in detail [52]. Adding 

updated media literacy education to schools would allow for an understanding of not only how to 

use CMC and other forms of digital technology safely but strategies to gain benefits and reduce 

risks present in our technology rich world [53].  

There are also opportunities for action at the public health level. Given the diverse impact 

of CMC on multiple domains of health shown in the qualitative results, future promotional 

messaging around reducing screen time and CMC use should adopt an holistic approach to 

address multiple domains of health. Current messaging does not take a holistic approach, as there 

is a strong focus on sedentary behaviour alone [48,49]. Further, public health derived family-

based health promotion programs should continue to focus on family communication quality, as 

this is identified as a strong risk factor for loneliness among Canadian youth. These interventions 

could work collectively with those implemented at the family level and others at the school level 

to support youth and their families in building healthy behaviours around CMC and technology. 

5.8!Summary 

This thesis explored the potential impact of verbal, messaging and social media CMC by 

Canadian youth through a quantitative and qualitative lens. The quantitative study focused on 

loneliness as one health outcome, while the qualitative study used a broad conceptualization of 
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health. CMC is associated with self-reported loneliness among youth when considering other 

factors, such family communication quality. Further, CMC use is related to multiple domains of 

health in both positive and negative ways. These results highlight the relationship between CMC 

and health is diverse and complicated in nature as external factors, such as the social climate of 

the family, along with the context of how CMC is used, determines the overall connection to 

health. Programs aimed at healthy CMC use should consider not only the apparent ways that 

screen-based CMC negatively influences health but also the ways to the foster the benefits of this 

methods of communication. Developing a balance between the inherent benefits and drawbacks 

of this prevalent exposure will best support overall health and well-being. 
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Appendix A 

The Health Behaviour in School-aged Children Survey 

History and Theory of the HBSC study 

The HBSC study began in 1982 with involvement of three European counties [1]. Canada 

joined the HBSC network in 1990. Internationally, the HBSC study collaborates with the World 

Health Organization and at the national level, with the Public Health Agency of Canada [1,2]. 

Currently, 44 countries and regions participate in the HBSC study every four years [1]. With 

large international involvement, national and international comparisons are possible across time 

[1]. In Canada, the HBSC research team works with individuals from the Public Health Agency 

of Canada, the Joint Consortium of School Health and Health Canada in partnership [2]. The 

HBSC survey views health in a broad and holistic manner as elements of social, physical, 

emotional and spiritual health are assessed [1]. Risk factors for poor health outcomes along with 

positive elements that contribute to the health are investigated for a full encompassing view of 

the health of young people [1,2]. Further, the HBSC takes a population-based approach, 

investigating determinants of health such as home life, school, neighbourhood, peer groups along 

with socio-economic and behavioural impacts to health [1]. This framework involves individual 

and environmental factors and how these different elements interact to influence the health of 

school-aged children [1–3].  
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Purpose and Objectives 

The goal of the HBSC study is to further knowledge and understanding of the health of 

young people and inform health promotion, policy, education and decisions by collecting data 

regarding their well-being, various health behaviours, and social influences [1,4,5]. The 

objectives of the HBSC include not only data collection but dissemination of findings to 

researchers, policy makers and health promoters along with teachers, parents and young people 

themselves [1]. Since the HBSC involves international collaboration, developing a strong 

international network of researchers is important [1]. This allows for the development of a multi-

disciplinary group of expertise on adolescent health to positively impact public health and health 

education efforts moving forward [1]. 

Sampling Strategy 

In Canada, two-stage cluster sampling is utilized for sample accrual [1]. First, participating 

schools are randomly selected from a list of consenting school jurisdictions organized by school 

jurisdiction, language, religion, size of surrounding community [1]. The number of classes per 

selected school is estimated based on: grade levels of the school, number of teachers, overall 

population and population of students per grade [1]. Administration of the school selects classes 

to participate within each selected school. Often two classes per grade participate from each 

selected school [1,2]. The primary sampling unit is the classroom. Within selected schools all 

students within the class complete the questionnaire upon consent [1,2,4]. For smaller provinces, 

such as Prince Edward Island, all students in the selected schools participate within grade 6 to 10 

and in the Northern Territories, all students in all schools participate [1]. Non-participation in the 
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study involves absence of school on day of administering the survey, lack of parent active 

consent, student refusal and purposeful spoiling of the survey [1]. The largest influence to non-

participation is failure to return consent forms from home [1]. Schools that are not included in 

this cycle include private and special schools including those located on reserves to maintain 

consistent comparisons with previous cycles of the Canadian HBSC survey population [1].  

Student Questionnaire 

Content of the HBSC is a combination of: (1) mandatory items that are included across all 

countries involved in order to investigate cross country differences, (2) optional sections 

including specific aspects of adolescent health that are included in some participating countries 

and finally (3) additional items that are unique to Canada, developed by collaborations with the 

Public Health Agency of Canada and the Joint Consortium of School Health [2]. The mandatory 

questions involve demographic information, social contexts of family and peers, health outcomes 

and behaviours including physical activity, eating patterns etc., along with risk behaviors such as 

drug and alcohol use [4]. Students in grade 6 to 8 complete a different survey as the grade 9 and 

10 students complete a longer survey with added health behaviours including drug use etc. [1]. 

Students complete the questionnaire in the classroom during a 45-70 minute interval [1]. In 

Canada, it can be completed through traditional pen and paper methods or through an online 

interface [1]. To combat literacy issues, teachers are able to go through the survey question by 

question with their students to aid them in their responses [2].  
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Ethics 

Clearance was given by the Queen’s University and the Public Health Agency of 

Canada/Health Canada Research Ethics Board [1]. Following this, three levels of consent are 

necessary for student participation [1]. Consent is first given by the school jurisdiction, and 

secondly, the principles of the selected schools provide permission for students attending their 

school to participate [1]. The last level of consent is that of the parents of student participants 

through active or passive consent [1]. Active consent involves students returning signed consent 

forms whereas passive consent allows students to participate if consent forms are not returned 

indicating refusal to participate from parents [1,2]. The method of parent consent is determined 

by the current policies of each school jurisdiction [1]. Identity remains anonymous by students 

placing the survey in a sealed envelop upon completion and students are aware at all stages they 

can refuse to answer questions on the survey or withdrawal their participation without 

repercussion [2].  

Survey Weights 

Weights are applied to the sample in order to obtain a nationally representative sample for 

males and females in each grade grouping and province or territory surveyed. If the sample of 

youth that participate is less than the grade group of a certain biological sex that attends school in 

that province or territory, a weight greater than 1 is applied [4]. A weight less than 1 is applied if 

oversampling was done on a certain sex specific grade group [4]. This adjustment allows for a 

nationally representative sample of youth across the country (excluding those who attend private 

schools or schools on reserves). 
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Appendix B 

Variables of Interest from the HBSC Survey 

Main Exposure: Computer-mediated Communication 

In the 2013-2014 cycle 7 of the HBSC study, the item assessing CMC use by adolescents 

to contact friends was replaced by the new item utilized in this study. The new item separated 

overall use into the following five domains: (1) phone, FaceTime or Skype, (2) instant 

messaging, (3) text messaging, (4) email and (5) other social media [1]. The above items were 

separated in order to identify different mechanisms that may exist among different CMC uses on 

health outcomes [1]. Three key methods of CMC use were identified for this study. Verbal CMC 

indicated use of phone or visual communication methods such as Skype or FaceTime whereas 

messaging CMC involves text messaging and SMS along with instant messaging through various 

programs such as BBM and Facebook chat. Any other use of social media remained a separate 

exposure. For all items the responses ranged from “daily use” (response option 4) to “hardly ever 

or never” (response option 1). “Non-daily users” indicated inconsistent or little use of CMC 

(weekly through to hardly ever or never use). 

Test-retest reliability has been established for the above HBSC items with correlation 

coefficients as follows: email, phone and Face Time ρ=0.52 (p<0.001), texting and SMS ρ=0.76 

(p<0.001), instant messaging ρ=0.75 (p<0.001), other social media ρ=0.64 (p<0.001). Further, 

correlation of these new items to previous HBSC CMC items resulted in medium to strong 

correlations except with email use [(phone and face time ρ=0.48 (p<0.001), texting and SMS 
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ρ=0.71 (p<0.001), instant messaging ρ=0.63 (p<0.001), other social media ρ=0.52 (p<0.001), 

and email ρ=0.11 (p<0.001)] [1]. 

Effect Modifier: Family Communication Quality 

In 2013-2014, the addition of a question addressing family communication in isolation was 

put forth and the short version of the Family Dynamics Measure II (FDM II) was selected for 

inclusion. The FDM II was created by and developed to quantify overall family functioning. This 

scale has been used to identify constructs such as individual/enmeshment, mutuality/isolation, 

flexibility/rigidity, stability/disorganization, clear communication/distorted communication and 

role reciprocity/role conflict [2]. The short four-item scale that is used in the Canadian HBSC 

survey identifies the clear communication/distorted communication element of the longer FDM 

II scale. Along with validation work, focus groups with adolescents support the use of the 

question in terms of identifying what each family is like [1]. The family communication quality 

scale was generated through the sum of all four individual items. This scale was divided into 

quartiles for analysis.   

Feeling Sad or Hopeless 

Youth respond “yes” or “no” to: “During the past 12 months, did you ever feel so sad or 

hopeless almost everyday for two weeks or more in a row”. This item is also used in the CDC 

Youth Risk Behaviour Survey as part of a five item scale that assessed overall suicidal ideation 

of youth [3] and independently to assess feeling sad or hopeless [4]. Additionally, this item has 

been used to indicated symptoms of depression by youth [5]. Those indicating, “yes” to this 

inquiry were identified as feeling sad or hopeless. 
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Family Structure 

The HBSC survey assessed those who young people live with to identify their experience 

of family. This question can now reflect non-nuclear family structures involving grandparents, 

stepparents, other adult figures and different combinations of such. With diverging outcomes in 

areas such as mental health among those who live with both parents, step parents or in one parent 

homes [6], this variable was categorized to identify different family structures of youth. In the 

2013-2014 cycle, the mandatory question was changed to include only the main house where 

adolescents reside for ease of understanding.  

Frequency of Contacting Friends 

In the 2013-2014 cycle 7 of the HBSC survey, the item to indicate peer contact was 

updated to minimize cultural interpretations. The new items changed from frequency of contact 

right after school and in the evening to the current time points of before and after 8 p.m. 

Responses ranged from “hardly ever or never”(1) to “daily”(4) contact with friends. This item is 

currently not part of the ongoing validation work being conducted for the HBSC items [1]. 

Perceived Family wealth 

Measuring family wealth in terms of perception of socioeconomic position of the family in 

relation to others was added to the HBSC survey in 1993-1994. It was added to the study to 

introduce ways of quantifying social inequalities. Since its induction into the survey, this 

measure of affluence has predicted health along with socioeconomic status objectively. This item 

has a strong response rate and shows socioeconomic status in Canada and other countries [1]. It 

has been found to correlate to both father and mother occupation [7] and be associated to self-
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rated health among youth [8]. A limitation of this item that is applicable to Canada is students 

not answering the question due to feeling uncomfortable when answering and not having a 

predefined comparator for adolescents to mark their wealth in relation to [1]. Further, this item 

has shown differences in wealth in Canada that material ownership does not, as a high proportion 

of youth hold the same material assets [9]. Responses ranged from “very well off” to “not well 

off at all” on a 5-point likert scale. In this study, high affluence indicates those who classify their 

family as “very well off” and “quite well off”. Average affluence indicates those that respond 

their family to be of “average” affluence and low affluence includes responses of their family 

being “not very well off” or “not at all well off”. 

Peer Support 

Peer support is a multi-item measure that is a section of the Multidimensional Scale of 

Perceived Social Support (MSPP) that was first developed with a group of university students to 

quantify their subjective experience of social support [10]. This four item scale assesses 

agreement to the following statements: “My friends really try to help me”, “I can count on my 

friends when things go wrong”, “I have friends with whom I can share my joys and sorrows”, “I 

can talk about my problems with my friends”. Factor analyses have shown three first-order 

factors from the overall MSPP item which identify peer support, family support, and support 

from others [11]. The items were developed with university students and validated on samples 

including adolescents. The items do not indicate social desirability bias and are acceptable for 

low literacy levels [1]. Validation work has show strong internal validity for the peer support 

scale component of the MSPP (Chronbach’s α = 0.91 and 0.90) [1]. Among high school students, 
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the reliability for the entire MSPP scale was 0.88 with the peer support sub scale was 0.75. Peer 

support also proved to be significantly correlated to expressing easiness to speak with friends, 

identifying with, being proud of and happy to be part of your friend group, along with high 

importance of belong to that friend group [1]. 
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Table 1. Covariates to be tested from the 2013/2014HBSC Study 

Covariate Item(s) of HBSC Coding 
Biological Sex Q4. “Are you male or female?” 

 
0 = Female  
1 = Male 

School Grade Q1. “What grade are you in?” 
1= Grade 8 
2= Grade 9 
3= Grade 10 
4= Grade 11 
*from the 9-10 survey version 

0= 6-8 
1= 9-10 

Feeling Sad or 
Hopeless 

Q33. “ During the past 12 months, did you ever feel so sad 
or hopeless almost everyday for two weeks or more in a 
row that you stopped doing some usual activities? 

1=Yes 
0= No 

Family Structure Q46. “People who live in the home where they live most of 
the time” 
1= mother 
2= father 
3= stepmother 
4=stepfather 
5= grandmother 
6= grandfather 
7= I live in a foster home or children’s home 
8= someone or somewhere else  

0= Nuclear 
Family 
(Mother and 
father)  
1 = Non- 
Nuclear 
Family 

Family 
Communication 
Quality 

Q49. “In my family… 
A.! I think the important things are talked about 
B.! When I speak someone listens to what I say 
C.! We ask questions when we don’t understand each 

other 
D.! When there is a misunderstanding we talk it over 

until it is clear 
1 = Strongly agree 
2 = Agree 
3 = Neither agree or disagree 
4 = Disagree 
5 =  Strongly disagree 

Q4 = lowest 
25% 
Q3- upper 
quartile 
Q2-  median 
Q1-  highest 
25% 

Frequency of 
Contacting 
Friends 

Q55. “How often do you meet your friends…” 
a.! outside school time before 8:00 in the evening 
b.! outside school time after 8:00 in the evening 

 
1= hardly ever or never 
2= less than weekly 
3= weekly 
4= daily 

2-4 = Less 
than weekly 
5-8 = Weekly 
or more 
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Involvement in 
Group Activities 

Q69. “Are you involved in any of these kinds of activities 
or groups?” 

a.! sports tem 
b.! volunteer work 
c.! arts group 
d.! community group 
e.! church groups 
f.! other activity or group 

1= Yes 
2= No 

6-9 = 3+ 
activities 
10 = 2 
activities 
11= 1 activity 
12= None 

Perceived Family 
Wealth [197,198] 

Q47. “What well off do you think your family is?” 
1 =  Very well off 
2 = Quite well off 
3 = Average 
4 =  Not very well off 
5 = Not at all well off 

1,2 = High 
3 = Average 
4 = Low 
 

Peer Support Q70. “Please show how much you agree with the following 
statements.” 

v. My friends really try to help me. 
w. I can count on my friends when things go wrong 
x. I have friends with whom I can share my joys 
and sorrows 
y. I can talk about my problems with my friends 

1= Strongly agree 
2= Agree 
3= Neither agree nor disagree 
4= Disagree 
5= Strongly agree 

4-11 = High 
(“agree” to at 
least one of the 
statements 
through to 
“strongly 
agree” to all 
items) 
 
12-20 = Low 
(“neither 
agree” through 
to “strongly 
disagree” to all 
items) 

Primary Outcome: 
Loneliness 

Q70. “Please show how much you agree with the following 
statements.” 

l. I often feel lonely 
1= Strongly agree 
2= Agree 
3= Neither agree nor disagree 
4= Disagree 
5= Strongly agree 

1-2 = Lonely 
3-5= Not 
lonely 

Exposure 1:  
Email Use 

Q52b. “How often do you contact your friend(s) using 
email?” 
1 = Hardly ever or never 
2 = Less than weekly 
3 = Weekly 
4 = Daily 

1-3 = Non-
daily User 
4 = Daily User 
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Exposure 2:  
Verbal CMC Use 

Q50. “How often do you talk to your friend(s) on the phone 
or internet based programs such as FaceTime or Skype?” 
1 = Hardly ever or never 
2 = Less than weekly 
3 = Weekly 
4 = Daily 

1-3 = Non-
daily User 
4 = Daily User 

Exposure 3: 
Messaging CMC 
Use 

Q51. “How often do you contact your friend(s) using 
instant messaging?” 
Q52a. “How often do you contact your friend(s) using 
texting/SMS?” 
1 = Hardly ever or never 
2 = Less than weekly 
3 = Weekly 
4 = Daily 

2-6 = Non-
daily User 
7-8 = Daily 
User 

Exposure 4: 
Social Media 
CMC Use 

Q52c. “How often do you contact your friend(s) using other 
social media?” 
1 = Hardly ever or never 
2 = Less than weekly 
3 = Weekly 
4 = Daily 

1-3 = Non-
daily User 
4 = Daily User 
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Appendix C 

Sample Size Flow Chart 

Figure 1 Missing data for key exposure and outcome variables along with potential confounders 
in the 2013-2014 HBSC sample. 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

N=30,117 participants 

missing loneliness  

missing messaging, verbal or social media CMC use

missing covariates 

N=21,445 participants 

2,006 participants 

2,059 participants 

4,607 participants 
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Appendix D 

Modeling Strategy 

Health science research often reports odds ratios or relative risks of a dichotomous 

outcome of interest [1,2]. Odds ratio measures the ratio of the odds of an outcome in one group 

compared to a reference group [2]. Relative risk measures the ratio of the probability of 

observing an outcome in one group compared to the reference group [2]. Odds ratios are 

commonly misinterpreted as relative risks but under certain conditions, the odds ratio does not 

correspond to the risk [1]. With this, relative risks are most often reported [1]. 

Odds ratios are identified through logistic regression modeling procedures with 

dichotomous outcomes [1]. When an outcome is rare within the population of interest (<10%) 

the odds ratio is equivalent to the relative risk [2]. If this rare assumption is not met, the odds 

ratio will produce a relative risk that overestimates the true measure of effect if the relative risk 

is greater than 1 or underestimates the risk if the relative risk is less than 1 [2]. Since loneliness 

has been self-reported in 2010 by over 20% of Canadian youth [3], the rare outcome requirement 

will not be met. With this, utilizing logistic regression modeling procedures will not identify the 

relative risk of the association of interest [1]. 

In order to quantify the risk of adolescent loneliness when exposed to three different 

CMC methods, two modeling options were proposed. Log binomial regression is a generalized 

linear model where the link function is log and distribution is binomial which identifies the 

relative risk of association [2,4]. Utilizing log binomial models often have issues in convergence 

when the predicted probabilities are outside of the upper and lower boundaries of the binomial 
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distribution (0 to 1) [2,4,5]. Since issues of convergence arose in this study, multilevel Poisson 

regression was chosen as this common alternative when convergence is a problem [2,5]. Poisson 

distribution models the outcome involving a count of events over a time period [4]. To generate 

accurate confidence intervals and overcome the increased variance that occurs when applying a 

poisson distribution to the data, adjustments are made by accounting for the clustered nature of 

the data [6]. Log-Binomial and poisson models have been found to product similar relative risks. 

A poisson modeling approach is suggested when convergence issues arise with clustered data 

therefore this method was chosen for this study [5,6]. 
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Appendix E 

Intraclass Correlation Coefficient 

Since the HBSC study collects data through a clustered design, the amount of variance 

that occurs at the group level of school is important to consider [1]. Intra class correlation 

coefficient (ICC) is the ratio of the variance between groups at the second level (school) to the 

variance within the group (among students) [1,2]. It identifies the proportion of variance between 

clusters or at the group level to identify the level of dependence among the clusters of schools 

[2]. A high ICC value shows that the errors are correlated and therefore, there is a difference in 

loneliness among the group level of schools [2]. To quantify the ICC value, the null poisson 

regression model with log link was conducted using the PROC GLIMMIX procedure. 

 

too= group level unexplained covariance parameter estimate[203] 

Table 1. Intraclass correlation coefficient for loneliness in the 2013-2014 HBSC study. 

Outcome if Interest Covariance Parameter 
Estimate 

Variance at the School 
Level  

 
Loneliness 

 
0.05271 

 
0.01577 
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Appendix F 

Cronbach’s Alpha 

 When using survey data it is beneficial to utilize multi-item scales to measure a certain 

construct among the population of interest [1]. Through the use of multi-items, the random error 

of each item is averaged across all individual items and the scope of the construct being 

measured increases beyond what one would be able to capture with a single item response. 

Cronbach’s alpha is utilized to determine the reliability of each multi-item scale and the internal 

consistency of the scale [1]. Cronbach’s alpha coefficients range from zero to one with 0.70 or 

higher indicating acceptable reliability [2]. 

[1] Gliem J, Gliem RR. Calculating, interpreting, and reporting cronbach’s alpha eeliability 
coefficient for kikert-type scales,. 2003 Midwest Res to Pract Conf Adult, Contin 
Community Educ 2003:82–8. 

[2] Santos R. Cronback’s alpha: A tool for assessing the reliability of scales. J Ext 1999;37. 

  

Construct Variables Correlation 
with Total 

Alpha Cronbach’s 
Coefficient 

Alpha 
Family Communication 
Quality 

a 0.711773 0.852789 0.877289 
b 0.745920 0.839477 
c 0.732901 0.845448 
d 0.755692 0.835973 

Peer Support v 0.772174 0.902472 0.915526 
x 0.823806 0.884525 
x 0.814168 0.888479 
y 0.817877 0.886609 

Frequency of Contacting 
Friends  

a 0.575205  0.730291 
b 0.575205  

Messaging 51 0.566379  0.722780 
52a 0.566379  
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Appendix G 

Power Calculations 

Power was calculated based on the standard equation for cross-sectional study designs. 

With the clustered nature of data collection, the overall sample size is adjusted for inflation by a 

design factor of 1.2 [1] 

 

Power = φ Z(1-β) =  φ [n(d)2r / (r+1)p(1-p)]1/2- zα/2 

 

Table 1. Identification of key symbols utilized in the power calculation. 

Symbol Definition 
n Sample size of HBSC cycle 7 
%exp Proportion of the population with the exposure 
%unexp Proportion of the population without the exposure 
Nexp Number of adolescent participants of the HBSC cycle 7 with the exposure 
Nunexp Number of adolescent participants of the HBSC cycle 7 without the exposure 
r Ratio of exposed adolescents to unexposed adolescents in the BHSC 
RR Relative risk of outcome based on that exposure 
p Prevalence of loneliness 
po Proportion of adolescents who are unexposed who experience the outcome 
p1 Proportion of adolescents who are exposed who experience the outcome 
d Difference of proportions (p1-po) 
zα/2 Level of significance   (α=0.05) 
Z(1-β) Level of power 
 

[1] Roberts C, Freeman J, Samdal O, et al. The Health Behaviour in School-aged Children 
(HBSC) study: Methodological developments and current tensions. Int J Public Health 
2009;54:140–50. 

[2] Kelsey J. Methods in observational eidemiology. USA: Oxford University Press; 1996. 
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Outcome: Loneliness among young people experiencing Q1 family communication quality 

Exposure nexp %exp nadj. r RR p po p1 Smallest 
detectable 
difference 

Zα/2 Z(1-β) Power 
(%) 

Exposure 1: Verbal CMC 
Daily users vs. Non User 

1648 26.68 1373 2.75 0.79 0.1428 0.1513 0.1195 0.0318 1.96 0.90 82.12 

Exposure 2: Messaging 
Use 
Daily users vs. Non User 

2733 45.28 2278 1.21 0.82 0.1428 0.1555 0.1275 0.0280 1.96 0.87 80.78 

Exposure 3: Social Media 
Use 
Daily users vs. Non User 

1901 31.28 1584 2.20 0.80 0.1428 0.1523 0.1219 0.0304 1.96 0.91 81.86 

 
 

 

Outcome: Loneliness among young people experiencing Q2 family communication quality 

Exposure nexp %exp nadj. r RR p po p1 Smallest 
detectable 
difference 

Zα/2 Z(1-β) Power 
(%) 

Exposure 1: Verbal CMC 
Daily users vs. Non User 

2334 24.94 1945 3.01 0.85 0.1814 0.1889 0.1587 0.0302 1.96 1.03 84.85 

Exposure 2: Messaging 
Use 
Daily users vs. Non User 

4127 45.12 3439 1.22 0.89 0.1814 0.1909 0.1699 0.0210 1.96 0.93 82.38 

Exposure 3: Social Media 
Use 
Daily users vs. Non User 

2754 29.92 2295 2.34 0.85 0.1814 0.1882 0.1600 0.0282 1.96 0.97 83.40 
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Outcome: Loneliness among young people experiencing Q3 family communication quality 

 

Exposure nexp %exp nadj. r RR p po p1 Smallest 
detectable 
difference 

Zα/2 Z(1-β) Power 
(%) 

Exposure 1: Verbal CMC 
Daily users vs. Non User 

1235 23.60 1029 3.24 1.18 0.2786 0.2672 0.3154 0.0482 1.96 1.05 85.31 

Exposure 2: Messaging 
Use 
Daily users vs. Non User 

2324 45.25 1937 1.21 1.15 0.2786 0.2609 0.3000 0.0391 1.96 0.88 81.06 

Exposure 3: Social Media 
Use 
Daily users vs. Non User 

1499 29.05 1249 1.83 1.18 0.2786 0.2648 0.3124 0.0476 1.96 1.06 85.54 

 

Outcome: Loneliness among young people experiencing Q4 family communication quality 

 

Exposure nexp %exp nadj. r RR p po p1 Smallest 
detectable 
difference 

Zα/2 Z(1-β) Power 
(%) 

Exposure 1: Verbal CMC 
Daily users vs. Non User 

1939 23.60 1616 2.56 1.09 0.4628 0.4741 0.5167 0.0426 1.96 0.95 82.89 

Exposure 2: Messaging 
Use 
Daily users vs. Non User 

3381 50.35 2818 0.99 1.09 0.4628 0.4427 0.4826 0.0319 1.96 1.04 85.08 

Exposure 3: Social Media 
Use 
Daily users vs. Non User 

2403 35.30 2003 1.83 1.09 0.4628 0.4485 0.4889 0.0404 1.96 0.93 82.38 
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Appendix H 

Additional Analyses 

Table 1 Description of the sample in the 2013-2014 HBSC study for Canada  
 
 HBSC Sample  Complete Case Analysis 
Characteristic N 

(n= 30,117) 
% N 

(n=21,445) 
% 

Biological Sex     
 Male 14,784 49.34 10,162 47.39 
 Female 15,178 50.66 11,283 52.61 
 Missing 115    
Family Communication Quality     
 Q1 6303  22.35 4735 22.12 
 Q2 9554  33.88 7263 33.87 
 Q3 5333  18.91 4080 19.03 
 Q4 7012  24.86 5359 24.99 
 Missing 1915     
School Grade     
 6-8 16,273 54.62 11,137 51.93 
 9-10 13,520 44.38 10,308 48.07 
 Missing 324     
Feeling Sad or Depressed     
 No 20,489 71.62 15,391 71.77 
 Yes 8,118 28.38 6,054 28.23 
 Missing 1,510    
Family Structure     
 Nuclear Family 19,581 69.00 15,075 70.30 
 Non-Nuclear Family 8,796 28.38 6,370 29.70 
 Missing 1,740    
Frequency of Contacting Friends     
 Weekly or more 13,688 50.90 10,870 50.69 
 Less than weekly 13,204 49.10 10,575 49.31 
 Missing 3,225    
Involvement in Group Activities     
 3+ 8,313 29.68 6,428 29.97 
 2 7,397 26.41 5,794 27.02 
 1 8,232 29.39 6,246 29.13 
 None 4,071 14.53 2.977 13.88 
 Missing 2,104    
Perceived Family Wealth   26.41  
 High 15,120 53.47 11,560 53.91 
 Average 10,456 36.97 7,913 36.90 
 Low 2,703 9.56 1,972 9.20 
 Missing 1,838    
Peer Support   53.47  
 High  22,896 83.59 18,022  84.04 
 Low 4,496 16.41 3,423 15.96 
 Missing 2,725    
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Table 2 Prevalence of exposure and outcome variables in the sample population of the 2013-
2014 HBSC study for Canada. (n= 30,117) 
 

 HBSC Sample Complete Case Analysis 
Characteristic N 

(n= 30,117) 
% N  

(n= 21,445) 
% 

Primary Outcome: Loneliness     
 No 20,735 73.76 15,840 73.86 
 Yes 7,376 26.24 5,605 26.14 
 Missing 2,006    
Exposure 1: Email Use     
 Non User 26,549 97.50 20,562 97.87 
 Daily User 681  2.50 448 2.13 
 Missing 2,887     
Exposure 2: Verbal CMC Use    
 Non User 20,984  74.09 15,985 74.54 
 Daily User 7,338  25.91 5,460 25.46 
 Missing 1,795     
Exposure 3: Messaging Use     
 Non User 14,897 53.68 11,338 52.87 
 Daily User 12,856 46.32 10,107 47.13 
 Missing 2,364    
Exposure 4: Social Media Use    
 Non User 19,243  68.66 14,739 68.73 
 Daily User 8,784  31.34 6,706 31.27 
 Missing 2,090     
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Table 3 Verbal, messaging and social media CMC exposures, socio demographic, family and 
peer characteristics predicting the relative risk of loneliness among Canadian adolescents based 
on the 2013-2014 HBSC study.  

Risk of Canadian adolescents often feeing lonely1 
  Unadjusted RR  

(95% CI) 
  Unadjusted RR  

(95% CI) 
Males  Females  
Family Communication Quality  Family Communication Quality  
 Q1 1.00  Q1 1.00 
 Q2 1.04 (0.93-1.17)  Q2 1.40 (1.26-1.55) 
 Q3 1.43 (1.26-1.63)  Q3 2.13 (1.92-2.38) 
 Q4 2.54 (2.27-2.84)  Q4 3.42 (3.10-3.76) 
School Grade  School Grade  
 6-8 1.00  6-8 1.00 
 9-10  1.23 (1.12-1.35)  9-10  1.28 (1.19-1.38) 
Feeling Sad or Depressed  Feeling Sad or Depressed  
 No 1.00  No 1.0 
 Yes 3.80 (3.51-4.12)  Yes 3.75 (3.51-4.00) 
Family Structure  Family Structure  
 Nuclear 1.00  Nuclear 1.00 
 Non Nuclear 1.46 (1.34-1.59)  Non Nuclear 1.43 (1.34-1.52) 
Family Communication Quality  Family Communication Quality  
 Low  1.00  Low  1.0 
 High 2.42 (2.22-2.64)  High 2.39 (2.25-2.55) 
Frequency of Contacting Friends  Frequency of Contacting Friends  
 Weekly or more 1.00  Weekly or more 1.0 
 Less than weekly 1.25 (1.15-1.36)  Less than weekly 1.08 (1.01-1.15) 
Involvement in Group Activities   Involvement in Group Activities  
 3+ 1.0  3+ 1.0 
 2 0.83 (0.74-0.93)  2 0.88 (0.81-0.96) 
 1 0.82 (0.74-0.91)  1 1.02 (0.94-1.11) 
 None 1.22 (1.09-1.37)  None 1.37 (1.25-1.50) 
Perceived Family Wealth  Perceived Family Wealth  
 High 1.00  High 1.00 
 Average 1.35 (1.24-1.47)  Average 1.55 (1.45-1.66) 
 Low 2.05 (1.82-2.31)  Low 2.28 (2.09-2.48) 
Peer Support  Peer Support  
 High 1.00  High 1.00 
 Low 1.41 (1.29-1.54)  Low 1.96 (1.82-2.11) 
Verbal CMC Use  Verbal CMC Use  
 Non User 1.00  Non User 1.00 
 User 1.13 (1.03-1.24)  User 1.06 (0.99-1.13) 
Messaging Use  Messaging Use  
 Non User 1.00  Non User 1.00 
 User 0.98 (0.90-1.06)  User 1.02 (0.96-1.09) 
Social Media Use  Social Media Use  
 Non User 1.00  Non User 1.00 
 User 1.06 (0.97-1.16)  User 1.11 (1.04-1.19) 
1 Adjusted for school-level clustering and weighted for population representativeness
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Table 4 Change in estimate approach to confounder selection 
 

Potential Confounder RRunadjusted of 
Loneliness 

RRadjuted of 
 Loneliness 

Absolute 
difference (%) 

Verbal CMC    
Biological Sex 1.1021 1.0843 1.78 
Family Communication Quality 1.1021 1.0734 2.87 
School Grade 1.1021 1.1128 1.07 
Feeling Sad or Hopeless 1.1021 0.9724 12.97 
Family Structure 1.1021 1.0743 2.78 
Frequency of Contacting Friends 1.1021 1.1311 2.9 
Peer Support 1.1021 1.1289 2.68 
Perceived Family Wealth 1.1021 1.0803 2.18 
Involvement in Group Activities 1.1021 1.102 0.01 

Messaging CMC    
Biological Sex 1.0856 1.0007 8.49 
Family Communication Quality 1.0856 1.0499 3.57 
School Grade 1.0856 1.0625 2.31 
Feeling Sad or Hopeless 1.0856 0.939 14.66 
Family Structure 1.0856 1.0823 0.33 
Frequency of Contacting Friends 1.0856 1.1398 5.42 
Peer Support 1.0856 1.1459 6.03 
Perceived Family Wealth 1.0856 1.0855 0.01 
Involvement in Group Activities 1.0856 1.1014 1.58 

Social Media CMC    
Biological Sex 1.0921 1.1432 1.84 
Family Communication Quality 1.1046 1.1432 3.86 
School Grade 1.1387 1.1432 0.45 
Feeling Sad or Hopeless 1.015 1.1432 12.82 
Family Structure 1.1264 1.1432 1.68 
Frequency of Contacting Friends 1.1879 1.1432 4.47 
Peer Support 1.1827 1.1432 3.95 
Perceived Family Wealth 1.1248 1.1432 1.84 
Involvement in Group Activities 1.1477 1.1432 0.45 
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Appendix I 

Ethic Clearance 
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