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Abstract 

This thesis investigates the relationships between electronic media use, sleep, and 

fatigue. This thesis opens by introducing a conceptual framework for understanding 

electronic media use and evaluating terminology of sleep and fatigue concepts. The 

current research field of electronic media use–sleep health in adults is then mapped 

through an umbrella scoping review. This review revealed a predominance of 

correlational studies between subjective addiction symptoms and sleep satisfaction 

through which causal relationships were impossible to delineate. A theoretical 

perspective is developed on the causal interrelationships between electronic media 

use, sleep health difficulty, and fatigue through an investigation into experimental 

and theoretical studies. A novel intervention is then introduced to encourage self-

directed use of electronic media in service of sleep health. The intervention is tested 

using a multiple-baseline single case experimental design study with sailors in active 

duty with Te Taua Moana O Aotearoa, The Royal New Zealand Navy. Through 

analysing changes in behavioural and self-report measures of electronic media use, 

sleep health, sleepiness, vigilance, and fatigue, no immediate effects of the 

intervention were observed. While longer-term improvements were observed in 

subjective fatigue at six-month follow-up, these could not be solely attributed to the 

intervention. Conceptual, theoretical, and practical complications of researching 

these topics are discussed throughout this thesis and summarised at the end. 
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Personal Reflection 

I grew up in a period of transition from analogue to digital media. My family 

did not have a television until I was around 8 years old. Early memories of electronic 

media use (EMU) for me are using the Encarta software and playing the DOS games 

Hover and Mystic Towers on the family computer. Every Friday, we would 

ritualistically go to our local video rental, Alice in Videoland, to hire a movie to watch 

at home, initially encoded by VHS, then later DVD, over a habitual meal of fish n’ 

chips. I got my first cell phone at 12 years old and watched the maturation of 

smartphones through my teenage years and early twenties. My sister and I used to 

tape our favourite TV shows on VHS to watch later and skip ad breaks. I have fond 

memories of us recording radio broadcasts of favourite songs, jokes, and skits onto 

cassette tape. I now have access to instant video entertainment on YouTube, audio 

streaming on Spotify, Soundcloud and Bandcamp and am constantly taking voice 

notes on my smartphone. Instead of browsing the aisles at the video rental, my 

choices in media consumption are now contained within the same EMU context as 

the consumption itself. Recommender algorithms suggest content that can keep me 

engaged on whatever platform I find myself using to unwind and detach or easily 

procrastinate work or sleep whenever I choose. I have often found myself passively 

consuming this content over actively seeking it. 

Throughout my childhood, I struggled to sleep. I can remember an early 

insomnia intervention that was trialled with me: a boom box that my parents brought 

into my room to play a specific CD called Wondrous Waterfall, an ambient music 

soundscape by Hughes et al. (1997). This intervention has likely led to a bias around 

the relationship between EMU and sleep for me: One of my first encounters with 
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EMU was as a sleep aid. Given recall bias and lack of outcome measurement at the 

time, I am unable to report on its effectiveness. Listening to the same album now 

gives me a mix of emotions, on the one hand, a nostalgic sense of calm, on the other, a 

slight anxiety. I may have ended up with a conditioned response to the music 

associated with my own sleep anxiety at the time. 

In 2012, following my leaving home after the 2011 Ōtautahi Earthquakes, I was 

introduced to the Multiplayer Online Battle Arena game League of Legends, at the 

time one of the most popular games worldwide (Gaudiosi, 2012).  Between 2014 and 

2017 I often stayed up until 0200h playing this game, then I would have to wake up 

for work at 0700h the next day. Although the game was incredibly enjoyable, and I 

was generally able to get through the working day safely in a customer-facing job in 

hospitality, if I was in a high-risk work environment, then my lack of sleep during 

this period may have been unsafe. I returned to university in 2017 to continue my 

studies in psychology, in part to break away from this gaming habit. Despite my 

gaming quantity decreasing significantly (I replaced the time-consuming League of 

Legends with the more thought-consuming online correspondence chess), EMU 

remained similarly pervasive in my life. I spent most of my days using electronic 

media in the form of study-related programs and activities, word processing, 

research, and data analysis. 

During this time, I developed a more general interest in the effect of EMU on 

sleep, work productivity, and well-being. I was also interested in the responsibilities 

of working environments to foster well-being and the reciprocal importance of 

leisure time outside of the working day for effective recovery to support work 
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performance (Employment New Zealand, 2024; Liu et al., 2020). For societal roles 

where performance carries high responsibility to others, errors may be insidious, and 

their consequences could have far-ranging community ramifications (Reason, 1991). 

Because of this, I was excited by the opportunity to support community safety by 

trialling an EMU intervention with Te Taua Moana O Aotearoa – Royal New Zealand 

Navy to see whether sleep health and fatigue outcomes could be improved for people 

in this high responsibility population. I was also interested in forming a better 

understanding of the psychology of the relationship between EMU and sleep, and its 

impacts on waking life. 

While growing up, and the internet was burgeoning, my sister and I discovered 

Neopets and often went online after school to complete daily tasks using the family 

computer. Our parents introduced the idea of a time-use log, inspired by how they 

kept track of study time and finances: “We don’t prevent ourselves from doing what 

we want to do; it’s just a way of noting it for ourselves, and that seems to help” 

(Personal communication, B. Peters, 11 November 2024). On this log we simply wrote 

down how long we spent on the computer on an A4 sheet of paper, which sat on the 

computer desk. While many interventions from this time (e.g., see Young, 1998, 

Recovery strategy 13; p.155) are used for parental and external accountability, this log 

was not there to set time limits, rather to promote accurate awareness. On reflection 

on the conceptual mechanisms discussed in this thesis, this log facilitated self-

reflection with the assumption that this supported flexible self-regulation. The 

intervention introduced in Chapter 4, and trialled in Chapter 5, draws its inspiration 

from that childhood time-use log.
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Prologue: Wireless and Tiredness 

Across academic and popular media, there is a general understanding that 

electronic media use (EMU) negatively impacts sleep (Exelmans, 2020; Pacheco & 

Truong, 2023). This thesis presupposes that EMU may be a contributing factor to 

sleep health difficulty (Liu et al., 2020; Snyder & Chang, 2019) and that the 

relationship between EMU, and sleep requires further understanding (Bauducco et 

al., 2024; Exelmans & Van den Bulck, 2019). In this thesis, I conceptualise EMU as an 

interactivity between a user, their context, and electronic media hardware, software, 

and content. I evaluate EMU and sleep relationships discussed in the reviews of the 

field and conceptualise a relationship between EMU and sleep interlinked with the 

motivational control and self-regulatory experience of fatigue. I introduce a self-

reflection intervention to support EMU–sleep health and evaluate the intervention’s 

efficacy for sailors in active duty with the Te Taua Moana O Aotearoa - Royal New 

Zealand Navy (RNZN). 

Over the past few decades, EMU has become a staple activity, insidiously and 

increasingly spread throughout the daily lives of most (Anderson & Perrin, 2017; 

Boniel-Nissim et al., 2015; Roberts & Foehr, 2008; Twenge et al., 2019). The total 

number of internet users currently approximates 68% of the world’s population (see 

S. Kemp, 2025a for a comprehensive overview of current worldwide EMU trends). 

Within Aotearoa New Zealand, the proportion of internet users is around 96% (S. 

Kemp, 2025b). By current estimates, around 98% of the population in Aotearoa New 

Zealand own a smartphone, 71% own a laptop or desktop computer, and 58% own a 

smart TV (S. Kemp, 2025b). Worldwide, the total proportion of the population that are 

active social media software users was estimated to be 64% (S. Kemp, 2025a) and an 
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estimated 79% of the population in Aotearoa New Zealand are active social media 

users, with 89% of the adult population aged 18 and over actively using social media 

(S. Kemp, 2025b). In adults, 63% of the population in Aotearoa New Zealand access 

the internet between two to four hours per day outside of work, most of that time 

being spent using social media software (Matika, 2023). Additionally, 27% of the adult 

population in Aotearoa New Zealand access the internet outside of work time for five 

or more hours per day (Matika, 2023). For many currently, a significant proportion of 

the day involves EMU. 

The amount of sleep that one needs to thrive varies from person to person 

(Kuna et al., 2012). For adults, the latest recommendation from the U.S. National 

Sleep Foundation is an average of 7–9 hours of sleep per night with a smaller 

proportion of individuals possibly needing as little as 6 hours or as much as 10 hours 

(Hirshkowitz et al., 2015). Sleep guidelines in Aotearoa New Zealand reflect this same 

recommendation (Manatū Hauora: Ministry of Health, 2024). Globally, subjective 

sleep durations have been shrinking for the past decades, though this is apparently 

rarely reflected in objective measures (Bin et al., 2012; Matricciani et al., 2017). 

Nevertheless, the latest statistics in Aotearoa New Zealand estimated that between 

27–37% of adults do not meet recommended sleep duration metrics (Manatū Hauora: 

Ministry of health, 2024a). Sleep health difficulties also reflect general trends in 

health inequities associated with social determinants: disability status, housing, 

education, access to suitable healthcare, social economic status, and ethnicity; for 

example, within Aotearoa New Zealand, Māori populations, a population more likely 

to experience many social and health inequities by colonial metrics, also experience 

higher likelihood of sleep health difficulties ranging from sleep duration and 
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efficiency to insomnia and obstructive sleep apnœa (e.g., Baddock et al., 2024; 

Manatū Hauora: Ministry of health, 2023, 2024b; Paine et al., 2005, 2004; Paine & 

Gander, 2016; Paine & Muller, 2023). Sleep is an important issue in Aotearoa New 

Zealand.  

How do difficulties with sleep and EMU interact? To begin answering this 

question, a framework for generally understanding causality and interaction in 

psychology is required. Below, I briefly describe the social cognitive theory (Bandura, 

1986) which is central to this thesis for framing understandings about interactions 

between people, their environment, and their behaviour. The language of this theory 

is applied through this thesis where appropriate to clarify causality in the complex 

interactions between EMU, sleep, and fatigue. 

Bandura’s Social Cognitive Theory 

 Bandura’s (1986) social cognitive theory centres on a core causal heuristic of 

triadic reciprocal causation that holds that personal, environmental, and 

behavioural determinants each interact and reciprocally influence each other. 

Personal determinants include one’s beliefs, their cognitions, emotions, and somatic 

reactions. Behavioural determinants include activities and interactions with the 

social environment and the self. Finally, environmental determinants include all 

contextual and social aspects of the universe outside of the self. When first 

introduced, Bandura (1986) described this model with reference to the following 

example of television viewing:  

Although the potential televised environment is identical for all viewers, their 

actual televised environment depends on what they choose to watch. Through 
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their viewing behavior, they partly shape the nature of the future televised 

environment. ... the options provided in the televised environment partly 

shape the viewers' preferences. Here, all three factors—viewer preferences, 

viewing behavior, and televised offerings—reciprocally affect each other. 

(Bandura, 1986, p. 24) 

Bandura stressed the interactive nature of individuals, their environments, and their 

behaviour and the shaping forces that each has on the other. This concept of triadic 

reciprocal causation has permeated through Bandura’s later work (Bandura, 1991, 

1997, 2009) and has been described as providing “strong theoretical foundations for 

explaining, predicting, and changing human behavior.” (Zhai et al., 2023, p. e71). As 

triadic reciprocal causation is a broad and heuristic theory and given its breadth, it 

may be misapplied (Zhai et al., 2023), a brief example is given for how its three frames 

are applied to this thesis: Personal determinants include such ideas as sleep health 

status, fatigue propensity, and state of fatigue. Environmental determinants include 

electronic media hardware, software, and content, and other contextual aspects. 

Behavioural determinants important to this thesis are EMU, and sleep. These 

concepts are unpacked further in Chapter 1. Chapter 3 explores how they may 

interact. 

Structure of the Thesis 

This thesis is arranged in five core chapters. Broadly, this thesis begins by 

evaluating concepts in Chapters 1 and 2, discusses theories and causal mechanisms in 

Chapters 3 and 4, and covers practical application in Chapter 5. Chapter 1 explores 

working definitions for EMU, sleep, and fatigue. Chapter 1 also outlines adjacent 
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concepts and relevant interventions that have been identified in the literature for 

managing difficulties with each. Chapter 2 contains an umbrella scoping review of 

EMU and sleep health in adults. Slated for publication in a sleep-related journal, this 

umbrella scoping review focuses specifically on the EMU–sleep health relationship in 

adults and charts how this has been discussed by other reviewers of the field. Chapter 

3 investigates the mechanisms through which EMU and sleep health may interact to 

speculate on a theoretical maintenance model of EMU and sleep health difficulty; 

positioning the experience of fatigue as described by Hockey (2013) as a central 

maintenance mechanism of a theoretical causal model. In Chapter 4, Bandura’s 

(1991) social cognitive theory of self-regulation is applied to frame the development 

of a new EMU self-reflection intervention (EMU-SRI). EMU-SRI is designed to 

facilitate self-directed EMU with the hypothesis that this may lead to improved sleep 

health and subsequently decreased fatigue propensity. Finally, Chapter 5 documents 

a test of EMU-SRI with a multiple baseline single case experimental design study 

(MBD) with sailors in the RNZN. An epilogue concludes this thesis emphasising the 

importance of staying vigilant to conceptual accuracy in the study of these complex 

topics.
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Chapter 1 

Defining Concepts: Electronic Media Use, Sleep, and Fatigue 

Conceptualising how EMU interacts with sleep is an ongoing challenge in 

psychology and sleep science and requires an enhanced understanding of EMU 

(Exelmans & Van den Bulck, 2019). Defining the interaction between sleep and 

fatigue poses an adjacent conceptual challenge (Balkin et al., 2023). As this thesis 

aims to contribute towards the resolution of these difficulties, this chapter opens by 

providing a perspective, unfolding, and defining EMU, sleep, and fatigue constructs. 

If people are experiencing difficulties with EMU, sleep, or fatigue, these difficulties 

may be related to each another (Exelmans, 2019). To my current knowledge, these 

issues have yet to be explicitly conjointly addressed. However, they have each been 

addressed separately. Therefore, towards the conclusion of this chapter, 

interventions are described for managing difficulties with EMU, sleep, and fatigue.  

A Perspective for Studying EMU 

To open this thesis, a definition of EMU is proposed. EMU refers to an 

individual or group in a certain context, interacting with sensory experiences 

facilitated through devices that use the properties of electrons to run algorithms.  

The task of settling on a construct definition for EMU was difficult. This 

difficulty stemmed from carefully balancing terminological sensitivity and 

specificity and embracing different viewpoints. At the inception of this project, 

screen time, the main EMU-based medical subject header (J. Duncan, personal 

communication, March 6, 2020; National Library of Medicine, 2019) was facing 

scrutiny for lack of focus on content, likened to discussing food time when speaking 
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about nutrition (Przybylski, 2019). Other research focussing on more specific EMU 

concepts such as smartphones (e.g., Elhai et al., 2017; Mac Cárthaigh et al., 2020), 

internet use (e.g., Alimoradi et al., 2019), television watching (e.g., Dempsey et al., 

2014), or patterns of internet gaming (e.g., Lam, 2014) showed blurred edges that are 

difficult to define (see Chapter 2). For example, smartphones may include internet 

use, internet gaming can happen on a television, and people may play games that 

resemble internet-based games while not connected to the internet. Difficulties with 

conceptualising electronic media were summarised by Medoff and Kaye (2017): 

“Digitization and convergence have blurred the lines that distinguish one medium 

from another, such that the traditional definitions of these media need to be 

reevaluated” (p. 31). In EMU, many types of media may mediate between the 

information and the perception of the user. For example, a word processor might be 

accessed through a downloaded application on someone’s computer, or it might be 

accessed through a web-browser on that same device. The experience of these might 

be similar with different software and hardware acting between the information and 

the user, and they might be different.  

With digital technology, various media are used at the same time over one 

device. In other words, when connected to the Internet via a broadband 

connection, listeners can access an online radio station, retrieve email, listen 

to iTunes music, download a book, or use instant messaging to have a real-

time conversation (including both audio and video) with others. Smartphone 

users receive calls, send and receive text messages, digital pictures, and video, 

store and play MP3 music files, and surf the Web. Smartphones have the 
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capability to remotely program household devices like a thermostat or light 

fixtures. (Medoff & Kaye, 2017, p. 31) 

These difficulties have precluded a thorough understanding of the impacts of EMU 

on biology, psychology, and behaviour (Exelmans & Van den Bulck, 2019).  A new 

framework is introduced below to help analyse some of the conceptual complexities 

of EMU. For developing this framework, Exelmans and Van den Bulck (2019) 

suggested paying attention to context, content, and device characteristics which are 

understudied in the field. Similarly, Bauducco et al. (2024) recently advocated for 

both device and content to be documented when discussing presleep technology use 

and sleep. The framework introduced below expands on each of these by also 

emphasising user and software attributes as fundamental to EMU. This novel 

framework separates EMU into component parts to support development of 

standardised terminology. The following five-lens conceptual framework describes 

how EMU can be understood through user, context, hardware, software, and content 

variables. Figure 1, opposite, illustrates this proposed framework to create a 

foundation for further discussions about EMU, and to assess and address gaps in our 

knowledge on the subject. Figure 1 graphically shows the interaction between 

environmental determinants of context, content, software, hardware; the personal 

determinant of user; and situates EMU as a behaviour that emerges through the 

interaction of each of these facets. This conceptual framework was developed over 

the course of this thesis and will be referred to as a frame for understanding EMU. 
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Figure 1 

The Five-Lens Conceptual Framework for Studying EMU 

 

Note. each lens may subsume constructs that only apply to itself or apply across 

lenses. For example, the internet may be seen as an emergent interaction between 

hardware, software, content, and context, whereas internet gaming disorder is 

contained in the user lens, as it summarises symptoms of a psychiatric diagnosis 

(American Psychiatric Association [APA], 2022). Electronic media refers to both 

hardware, software, and content. Electronic media exerts causal effect on personal 

determinants through its use, EMU that requires an interaction between electronic 

media, context, and user. The 24 intersects between each combination of lenses are 

left blank to acknowledge that this conceptual framework is in its infancy.  
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User 

Core to the use aspect of EMU is the user. The user encompasses the attributes 

and personal determinants (Bandura, 1986) that influence EMU. For current 

purposes a human user is assumed with certain describable attributes. User is a lens 

through which to view EMU that incorporates any descriptors applying to the person 

in question using electronic media. Examples that may be relevant in EMU studies 

vary from basic measurements such as age and heartrate, to fuzzier constructs of 

gender, health status, symptoms, and diagnostic labels, including, for example, 

behavioural addiction symptoms, current state of fatigue, personal bio-psycho-social 

history, alertness, sleep health history, thoughts, emotions, personality patterns, 

trauma history, family history, and social connectedness. It is through this level that 

such diagnostic labels as internet addiction (Cash et al., 2012) or internet gaming 

disorder (APA, 2022) may be subsumed. A user attribute, therefore, could include, for 

example, a user’s scores on an internet addiction questionnaire. As with the other 

lenses of this framework, the vast ways in which sub attributes can be categorised is 

only limited by the imagination of the investigating researcher, who may draw on 

intergenerational knowledge for capturing human traits into symbolic language for 

analysis. 

Many current studies focus on aspects of EMU that researchers define through 

the problems that it causes in users' lives. Part of the increasing level of interest in 

pathology pertaining to media use was sparked by the inclusion of internet gaming 

disorder as a condition for further study in the APA’s Diagnostic and Statistical 

Manual of Mental Disorders – Fifth Edition (DSM-5; APA, 2013; Kristensen et al., 

2021). Many studies (see Chapter 2) link sleep with user constructs like problematic 
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internet use (e.g., Breslau et al., 2015), problematic smartphone use (e.g., Elhai et al., 

2017; Mac Cárthaigh et al., 2020), smartphone addiction (e.g., Panova & Carbonell, 

2018), internet addiction (e.g., Alimoradi et al., 2019; Cash et al., 2012), internet 

gaming disorder (Han et al., 2020), or pathological video gaming (King, Haagsma, et 

al., 2013). These labels capture user attributes and clusters of symptoms typical of 

behavioural addictions: preoccupation, cravings, tolerance, loss of control, 

restlessness, deception, and problems in other areas of life (e.g., Cash et al., 2012).  

Davis (2001) separated internet addiction into two broad categories: either 

specific, or generalised pathological internet use, depending on the extent of the 

repertoire of behaviours that one engages in online. The specific form, Davis 

conceptualised as often driven by a “pre-existing psychopathology, which becomes 

associated with online activity” (p. 192). Davis (2001) described the more generalised 

pathological internet use as often driven by social isolation, wherein the internet 

becomes ones “lifeline to the outer world” (Davis, 2001, p. 193). The ætiology of 

addictions, whether chemical or behavioural are often understood as stemming from 

problems in other aspects of an individual’s life, rather than stemming necessarily 

from the object of addiction itself (Maté, 2018). Internet addiction from its earliest 

conception was seen as a manifestation of other mental distress: Young (1998) noted 

that many who experience addiction symptoms also experience other psychological 

difficulties that predispose internet addiction. By definition, solely investigating 

these symptoms, with a focus only on the user aspect, the personal determinant, 

neglects investigating actual behaviour and the complex interactivity of context, 

hardware, software, and content.  
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Context 

As with all behaviour, EMU is taken to occur in a certain describable context. 

Investigating EMU through this lens involves describing the environmental 

determinants, situations, spatial and temporal, within which EMU occurs. Context 

attributes may include, though are not limited to time of day, season, physical space, 

temperature, presence of others and their interactivity, layout of hardware elements 

and their ergonomics, the distance from the user to the screen, and environmental 

lighting and noise. One could note the influence of social settings, community 

practices and norms and social values, or more broadly, socio-political landscapes 

that provide a setting for, and could influence EMU experiences (e.g., N. J. Burke et 

al., 2009). 

A framework for analysis of context can be found in Bronfenbrenner’s 

(1993/1994) ecological model, which delineates different levels of contexts that 

reciprocally influence individuals and groups. In this ecological model, five 

embedded context levels shape human development: the microsystem refers to one’s 

immediate and direct social contexts; the mesosystem refers to the interactions 

between microsystem elements within which individuals also directly interact; the 

exosystem refers to the interactions between an individual’s microsystem and other 

systems that they do not directly interact with; and the macrosystem refers to the 

broader cultural and societal contexts within which the other systems are embedded. 

Finally the chronosystem, refers to the systemic impact that time contexts exert on 

the structure of all the other systems including the individual (Bronfenbrenner, 

1993/1994). EMU and the mass communication that it facilitates, uniquely gives users 

direct parasocial access to their mesosystem; they can view how mutual friends and 
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organisations interact with each other without directly interacting themselves (cf. 

Forster, 2023). EMU has facilitated an expansion of exosystem access into what 

Bandura (2009) described as a “globally distributed consciousness” (p. 98). In the 

sections that follow, it is important to acknowledge that electronic media itself, 

including hardware, software and content are all environmental determinants of 

behaviour, and that EMU facilitates communication between contexts. For the 

parsimony of this framework, the context lens is taken to mean the local context of 

the user while engaging in EMU; Expanded contexts that are accessed through EMU 

can be analysed through the lenses of hardware, software, and content which embeds 

them. 

Hardware 

The hardware lens captures details about the physical electronic media 

devices that are the object of use. This lens incorporates descriptions of input and 

output mechanisms that form the potentiality of the EMU experience. For example, 

in the case of screen-based hardware, this lens includes information like screen size, 

potential brightness, refresh rate, number of displays and their details, and 

information about any attached peripheral devices, wired or wirelessly connected.  

Hardware descriptions may occur at various degrees of granularity from 

instances of fine-grained componentry to broad categorisation. Broad hardware 

categorisations are often used informally when discussing the relationship of EMU to 

sleep, for example, “tempting as it might be to use your computer or phone before 

bed, studies have shown these devices can interfere with sleep by suppressing the 

production of melatonin” (Pacheco & Truong, 2023, para. 1). The five-lens framework 
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aims for conceptual accuracy. I was unable to find any studies that a phone 

suppresses the production of melatonin. Though, light emissions that emerge as a 

result of hardware, software, and content have the potential to interact with the 

human circadian timekeeping system (see Chapter 3). 

 Hybrid devices that challenge the boundaries between colloquial hardware 

categories are common (McLellan, 2015). New categories of media, immature niches, 

and varying terminology are common and difficult to operationalise. For example, 

the differences between virtual reality, augmented reality and spatial computing 

platforms may be vague and indistinct, though increasing in popularity (Brownlee, 

2024). Increasing developments in connectivity of many seemingly ordinary and 

extraordinary objects (Gomes & Baunach, 2021), strike at the importance of 

describing EMU through the hardware lens, where relevant, as accurately as possible, 

in order to ensure accurate interpretation for future insights. 

Some examples of fine-grained attributes that may be useful to include when 

EMU is being studied includes the potential brightness and sizes of screens, or 

potential loudness and frequency response curves of speakers, connected 

peripherals, weight and portability, battery life expectancy, or processing speed. 

Instances of makes and model numbers when available are useful for capturing many 

device attributes for later reference as these tend to remain consistent. They are 

retrievable through databases such as GSMArena (https://www.gsmarena.com) for 

many portable hardware, and DisplaySpecifications 

(https://www.displayspecifications.com) for various computer monitors and 

television sets. The ways in which hardware is described should depend on the kinds 
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of information that is sought about its use. As with each category, the most specific, 

and detailed attributes of hardware (e.g., the schematics of the central processing 

units) may be too burdensome for research parsimony to justify capturing. 

Nevertheless, a broad definition and delineation of hardware as separable from 

software and content is useful to bear in mind. Hardware represents the potentiality 

of the EMU experience which is actualised through channelling software and content 

in EMU. 

Software 

Software refers to the algorithms that run on the hardware to enable 

information transmission and interaction. The software lens of the EMU framework 

captures relevant attributes of these algorithms where useful and available, and 

relevant information on programs or applications that structure and shape content 

interaction. Broad categorisations could include, though are not limited to, 

describing operating systems, applications, file and web browsers, websites, content 

aggregators, and streaming services. General terms such as social media, media 

players, internet browsing, games, descriptions of specific user interface elements, 

interactivity, and potential connectivity metrics may also be incorporated by the 

software lens. If describing specific software, instances or version numbers should be 

specified when relevant as updates to software may change the user experience while 

the name remains the same.  

To give an example of the importance of the change in software over time, 

Bauducco et el. (2024) suggested that post-bedtime notifications may be a significant 

factor in limiting and interrupting sleep from mobile devices. However, certain 
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hardware running certain software might by default mitigate this. Since the Apple 

iPhone operating system iOS14 was released in 2020, Apple has improved aspects of 

their native health application to limit exposure to potentially sleep-disturbing 

notifications after user-set expected bedtimes (Apple inc., 2024). Software attributes 

may also include customisations and applications for accessibility, monitoring, or 

setting software-determined limits to the use of other software (Simon, 2018). 

Changes to default settings within software can be adjusted in many software 

instances and if utilised, should be documented, as they may lead to interesting 

findings (e.g., Duraccio et al., 2021). Software, within this framework, may also link 

neatly with discussing platforms, “we define platforms as (re-)programmable digital 

infrastructures that facilitate and shape personalised interactions among end-users 

and complementors, organised through the systematic collection, algorithmic 

processing, monetisation, and circulation of data” (Poell et al., 2019, p. 3). Poell et al. 

(2019) describe the powerful ways in which the flexibility of software and the power 

structures inherent in software design have led to significant shifts in the exosystem 

(cf. Bronfenbrenner, 1993/1994). Overall, software represents the algorithms that act 

as medium between content and hardware and frame the EMU experience. 

Content  

“Content is that which fills the container” (Jarvis, 2023, p. 3). The content lens 

describes the information being sought, consumed, or interacted with. Whereas 

software, hardware, and context interact to form the potentiality of sensory 

stimulation; content ultimately determines the actualised attributes of the electronic 

media environmental determinant, interacting with a user’s sensory sensitivity in 

their context. Viewing EMU through the content lens implies understanding what is 
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being experienced moment to moment by the user. Content may therefore include 

broad views of categories like news, music, movie, TV show or research. In addition, 

specific movies, games, or songs, or defined social or parasocial experiences may be 

understood through the content lens.  Aspects of genre may also be captured and 

analysed through this lens as described by the Kantar New Zealand (2021) report on 

media audiences in New Zealand, “Content: Refers to genre on the whole, for 

example news, current affairs, documentaries, or comedy. Different sources use 

different definitions for genres, but wherever possible these are presented in a 

comparable way” (p. 8).  

Use and Limitations of the Five-Lens EMU Framework 

Taking each lens into consideration may help with forming a holistic picture 

of EMU. Investigating the full extent of each lens would be practically impossible. 

The framework aims to be useful for comparing studies on EMU and also for 

broadening the view on which variables may need to be controlled for in 

experiments. EMU studies that analyse EMU through the same lens may be 

comparable, whereas studies that view EMU through different lenses may be more 

difficult to compare. In Chapter 2, this framework is employed in an umbrella 

scoping review to map EMU and sleep health literature. The science and ergonomics 

of lighting environments (For reviews see Chambe et al., 2023; Xiao et al., 2021) may 

be compatible with the current framework of EMU, particularly as recent 

developments in lighting technology have led to lights’ hardware running software, 

and potentially signalling information through automation (e.g., Philips hue, n.d.). 

However, for parsimony in the review in Chapter 2, environmental lighting studies 
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are excluded. The distinction here is complicated (see Chapter 3) and its full 

explication, if necessary, will require further research. 

This novel five-lens conceptual framework illustrates the perspective taken 

for analysing EMU in this project. Importantly, this framework does not aim to be 

prescriptive of how EMU should necessarily be studied; it aims to be descriptive of 

different lenses through which EMU can be understood. The five-lens framework was 

introduced as a Venn diagram to signify that different areas of study may apply to 

certain intersects between lenses of the framework. For example, the ecological study 

of platformisation (Poell et al., 2019) could be seen as analysing the interaction 

between software and context. Each of these five lenses, or frames of reference may 

be highly embedded as “the ‘content’ of any medium is always another medium” 

(McLuhan, 1964, p. 21). This project employs the framing of these five lenses where 

useful and relevant, though acknowledges that the contents of these lenses are ever 

developing. The granularity of captured attributes depends on the detail that the 

analysis requires. I anticipate that making use of this framework to delineate user, 

context, hardware, software, and content aspects will be helpful for clarifying EMU-

related concepts in understanding the relationship between EMU and sleep. 

Sleep 

Sleep is often defined quite simply, for example, “a reversible behavioural 

state of perceptual disengagement from and unresponsiveness to the environment” 

(Carskadon & Dement, 2017, p. 15), or poetically, for example, “a radical withdrawal 

from the waking world” (Coveney et al., 2023, p. 118). Sleep is a multifaceted, and 

complex experience (Kleitman, 1963; Krueger et al., 2016), an assemblage of many 
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ideas that revolve around a frequently occurring state of disengagement (Coveney et 

al., 2023). Sleep functions to regulate, consolidate, and restore immune, neural, and 

cognitive processes (Beijamini et al., 2014; Krueger et al., 2016). Sleep supports 

cardiovascular and metabolic health, safety and recovery, and general life 

expectancy (Borbély et al., 2016; Luyster et al., 2012). In sleep, blood pressure drops to 

support cardiovascular health, episodic memories are consolidated into general 

constructs, neurotransmitter levels and synaptic networks find balance and 

adaptation to relevant waking tasks; protein debris buildup from wake is cleared; 

growth hormones and prolactin are released to support organ maintenance (Vorster 

et al., 2024). Sleep functions to maintain physical and cognitive functioning. The 

functioning of sleep itself can be understood as regulated by two broad, interactive, 

and independent processes, the homeostatic sleep drive, and circadian timekeeping 

system (Achermann & Borbély, 2017; Borbély et al., 2016). 

The Two-Process Model of Sleep 

Sleep Homeostasis. The homeostatic sleep drive is a sensed or measured 

pressure to sleep that increases as one stays awake and decreases as one sleeps 

(Borbély et al., 2016). The mechanism of this homeostatic process is enigmatic, 

though recent research has associated the homeostatic system of sleep with the 

maintenance of criticality; an ideal information processing environment in the brain 

(Suppermpool et al., 2024; Xu et al., 2024). The homeostatic sleep drive controls and 

counters deviations from normal sleep requirements through interacting with the 

structure or architecture of sleep; for example, slow-wave sleep, the deepest sleep 

stage, typically increases in quantity and intensity during sleep if homeostatic sleep 
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pressure is high (Achermann & Borbély, 2017; Xu et al., 2024). The homeostatic sleep 

drive functions to maintain an optimal physical and cognitive environment for 

effective functioning (see Achermann & Borbély, 2017 for an overview of different 

models of sleep). 

Circadian Timekeeping System. The circadian timekeeping system regulates 

cycles of rest and activity, sleep and wake, evolved to approximate the 24-hour 

rhythm of day and night on Earth (Borbély et al., 2016). The circadian timekeeping 

system is endogenous, though it synchronises and adapts to the rhythms of the 

environment through timekeeping cues, known as zeitgebers, from German, meaning 

time givers (Bear et al., 2015). By maintaining an endogenous timekeeping system, 

synchronised with the rhythm of the environment, prediction of and regulation to a 

temporal niche is optimised (Roenneberg & Foster, 1997). In humans, light and 

darkness are the primary zeitgebers through which our endogenous central circadian 

timekeeping system is synchronised (Berson et al., 2002). This photic entrainment 

system involves specialised cells in the retina linking into the suprachiasmatic nuclei 

of the hypothalamus (SCN), which, in turn, through oscillating nerve signals and 

hormonal signals of histamine, orexin, and melatonin via the pineal gland conducts 

the numerous circadian rhythms throughout the body (Tubbs et al., 2019; Withrow et 

al., 2019). Short wavelength light corresponding to the blue–cyan–green range 

between 470–510 nm is where the synchronising system of photic entrainment is 

most sensitive (Rea et al., 2012). 

While the circadian timekeeping system operates similarly for most, it does 

not lead to the same behaviours in everyone (Chellappa, 2021). People differ in the 
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times that they prefer to go to bed and to sleep (Roenneberg et al., 2019). Chronotypes 

describe a normally distributed predisposition for wake and sleep timing; influenced 

by age, genetics, and the salience of the light–dark cycle in the local environment 

(Roenneberg et al., 2019). While primarily biologically driven, sleep timing can 

regulate with social and environmental influence (Roenneberg et al., 2003, 2019; 

Wittmann et al., 2006). A common example of this adaptation is in the case of shift 

work, where sleep is often expected outside of biologically adaptive timing. When 

people are awake during their biologically optimal time for sleep, and asleep during 

their biologically optimal time for wake, sleep health and wake functioning becomes 

compromised, impacting all the downstream outcomes that healthy sleep benefits 

(Matheson et al., 2014; Vlasak et al., 2022). 

Sleep Health Dimensions 

To refine a focus on important, measurable dimensions of sleep that support 

other domains of health, Buysse’s (2014) taxonomy and conceptual framework for 

sleep health initially emphasised five key aspects: timing, the alignment of sleep with 

the day-night cycle; efficiency, how much sleep one gets over how much time one 

allocates for it; duration, the total temporal quantity of sleep gained in a 24-hour 

period; alertness, which refers to how alert or sleepy an individual feels while awake, 

and satisfaction, a purely subjective sense of how good one believes their sleep to be. 

The sleep health framework has helped to maintain consistent terminology in the 

study of sleep (e.g., Frazier, 2023; Hale et al., 2020; Harvey & Buysse, 2017; Sarfan et 

al., 2023; Swope et al., 2023). When introduced, Buysse (2014), also suggested other 

potential dimensions of sleep variability, sleep depth, and sleep restorativeness, 
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though noted only nascent research into those dimensions. A decade since it’s 

definition, a reevaluation has formally included breathing, that is, snoring or oxygen 

saturation while asleep; variability, the consistency of sleep timing from sleep to 

sleep; and sleep disorders, referring to the presence of nuanced parasomnias or other 

specific difficulties with sleep that the other dimensions of timing, efficiency, 

duration, alertness, satisfaction, breathing, and variability might fail to capture 

(Vorster et al., 2024). 

Delineating Wakefulness Constructs 

An irony of the sleep health framework is that it captures wakefulness 

constructs within it. Sleep satisfaction requires a wakeful judgement, and alertness is 

an element of wakefulness. Buysse (2014) defined the alertness/sleepiness dimension 

of sleep health as “the ability to maintain attentive wakefulness” (p 11). The irony 

indicates the important intertwining influence of sleep and wakefulness: if people 

get good quality and quantity of sleep at the right times in their rhythms, they will 

more likely feel alert and awake, function better during their waking hours, and 

judge their sleep as having been of high quality (Buysse, 2014; Kleitman, 1963). 

Wake functioning has crucial implications for safety (M. D. Weaver & Barger, 

2019; Wray, 2019). In addition to sleepiness, at the antithesis of alertness, also lies 

fatigue (cf. Åkerstedt & Gillberg, 1990; Samn & Perelli, 1982). Of great importance to 

this thesis is the subject of fatigue. Fatigue is a crucial concept in this thesis for a few 

key reasons: fatigue interacts with sleep health; fatigue interacts with and is caused 

by time on task; and fatigue leads to safety concerns (Balkin & Wesensten, 2011; 

Belenky et al., 2014; Hockey, 2013). The covarying aspects of sleepiness and fatigue 
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both contribute to task performance and show circadian rhythms that, for example, 

have been starkly reflected in motor vehicle accident statistics in Aotearoa New 

Zealand (Gander, 2023, Figure 2.3). In Chapter 3, fatigue is situated as a key emotional 

experience (Hockey, 2013) that may lead people into continuing or commencing 

EMU. Fatigue is a nuanced term that has historically admitted a variety of definitions 

across and within disciplines; the study of fatigue lacks an overarching definition 

that applies across its use cases (Balkin et al., 2023). The sections that follow attempt 

to contribute to the delineation of these wakefulness constructs for the purposes of 

conceptual clarity within this thesis. 

Sleepiness and Vigilance.  The experience of sleepiness involves a sense of 

fighting a need for sleep, associated with rapid sleep onset (Åkerstedt & Gillberg, 

1990). For the purposes of this thesis, sleepiness and vigilance are taken as antonyms. 

While sleepiness is typically used to refer to falling asleep when one is usually awake; 

in the root of vigilance, vigil refers to an act of staying awake when one would 

typically be sleeping, indicating an ability to maintain attention tuned to detecting 

and responding to salient environmental determinants (Correia & Cohen, 2011). The 

task of being vigilant, between environmental changes, may resemble an act of 

unstructured waiting, or doing nothing at all (cf., Kubey, 1986). When one is sleepy, 

maintaining vigilance becomes more difficult: “sleepy people (or other animals, for 

that matter) do not stay awake doing nothing” (Balkin & Wesensten, 2011, p.55). The 

task of maintaining vigilance itself may also lead to fatigue (Hockey, 2013). 

Fatigue and Flow.  While sleepiness and vigilance typically apply to periods of 

waiting for stimuli to respond to, or changes in the environment, fatigue typically 
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applies during the expression of some task or activity and represents an acute state of 

deteriorated functioning (e.g., Hockey, 2013; Balkin & Wesensten, 2011). The 

experience and function of fatigue was elaborated in Hockey’s (2013) motivational 

control theory which conceptualised fatigue as a central self-regulation mechanism 

that occurs during ongoing tasks:  

Fatigue is a mechanism for maintaining motivational equilibrium. It responds 

to falling utility (benefits to costs ratio) of current behaviour by interrupting 

the flow of control, thus allowing a reassessment of the cost and benefits of 

alternative actions. ... Do you really want to continue with what you are doing? 

Would you rather do something else? (Hockey, 2013, p. 136-137).   

This fatigue experience may be clarified when contrasted to the following definition 

of flow: 

A sense that one’s skills are adequate to cope with the challenges at hand, in a 

goal-directed, rule-bound action system that provides clear clues as to how 

well one is performing. Concentration is so intense that there is no attention 

left over to think about anything irrelevant, or to worry about problems. Self-

consciousness disappears, and the sense of time becomes distorted. 

(Csikszentmihalyi, 1990, p. 71)  

In states of flow, one is focussed on the task at hand; attention to performance and 

effort maintenance is minimal. The opposite is true for a state of fatigue: one is 

interrupted from the task at hand, attention is drawn to performance and effort 

maintenance, and alternative actions are considered. Hockey (2013) frames fatigue as 

serving “an adaptive function of preventing motivational fixation on current 
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activities and redirecting behaviour towards those that have a higher utility (greater 

rewards or lower costs)” (Hockey, 2013, p. 135). 

Physical and cognitive fatigue show interactive physiology and effects 

(Gantois et al., 2021; Meeusen et al., 2021), and depending on the method of study, 

fatigue may be seen as a unitary construct (Michielsen et al., 2004). The 

differentiability of physical and cognitive fatigue may be particularly important 

when discussing the nuances involved in the relationship between activity and 

sleepiness, as Kleitman (1963) observed, “muscular activity was a decisive factor in 

enabling the person or animal to remain awake for a longer time than usual” 

(Kleitman, 1963, p. 5). For the purposes of this thesis, fatigue is discussed as a whole 

construct that assumes both performance and motivational elements, with the 

acknowledgement that physical and cognitive aspects of fatigue are possibly 

differentiable and closely interactive (Hockey, 2013). 

Fatigue Propensity and Endurance. Belenky et al. (2014) summarised fatigue 

as “the final common pathway integrating the interacting effects of sleep/wake 

history (time awake, sleep loss), circadian rhythm (time of day), and workload (time 

on task, task intensity, and task complexity)” (p. 245). One of the difficulties in 

studying fatigue is that definitions of fatigue are often convoluted with a variety of 

antecedents or consequences that do not necessarily define its actual experience or 

measurement (Balkin et al., 2023). For clarifying fatigue further, a distinction is here 

drawn between fatigue and fatigue propensity. Fatigue propensity and its near 

antonym, endurance, for the purposes of this thesis, refers to an interactive physical 

and cognitive ability to maintain performance and resist fatigue. Low endurance, or 
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high fatigue propensity only indicates a vulnerability to fatigue, and does not 

manifest as fatigue until some cognitive or physical task leads to an acutely fatigued 

state. Therefore, fatigue propensity as a construct subsumes from fatigue those 

personal determinants described by Belenky (2014) that may exacerbate or potentiate 

the fatigue experience. 

Sleep Health Buffers the Effect of Time on Task on Fatigue. 

When people are sleep deprived: “mental and muscular performance in 

various tests can be maintained at normal levels if the tests are of short duration, but 

sustained effort is impossible” (Kleitman, 1963, p.229). When tasks are more difficult, 

people may become more prone to becoming fatigued (Belenky et al., 2014). As 

mentioned earlier, the main function of sleep that this thesis is concerned with is its 

maintenance of an ideal environment within the body and brain that supports 

effective wake functioning. Recent conceptualisations of the function of sleep link 

sleep with the maintenance of criticality; a balance point between order and chaos 

that facilitates complexity and efficient information processing (O’Byrne & Jerbi, 

2022). Sleep is positioned as a crucial homeostatic activity required for effectively 

maintaining criticality for efficiently responding to unfolding contexts 

(Suppermpool et al., 2024; Xu et al., 2024). These modern conceptualisations of sleep 

and criticality were interestingly threaded throughout early academic 

conceptualisations of sleep, for example, Kleitman (1963) described the impacts of 

sleep deprivation as “a fatigue of the higher levels of the cerebral cortex—the levels 

that are responsible for the critical analysis of incoming impulses and the elaboration 

of adequate responses in the light of one’s previous experience” (p. 229). 
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Much of the experimental evidence for the impact of sleep on waking performance 

comes from studies that manipulate sleep duration (e.g., Van Dongen et al., 2003). 

The psychomotor vigilance task (PVT: e.g., Dorrian et al., 2004) has gained 

predominance in assessing changes to waking performance influenced by sleep 

health. PVTs involve monitoring for, and rapidly responding to successive stimuli. 

They require vigilance in their performance and performance of this task may 

deteriorate over time, thus simultaneously assessing fatigue and sleepiness (Balkin & 

Wesensten, 2011; Dorrian et al., 2004). Vigilance is assessed by PVTs as they require 

waiting and monitoring for stimuli that require a response. Fatigue can also be 

simultaneously induced and measured by PVTs: The PVT is in itself a task that one 

may spend time on, with performance deteriorating over time if fatigue propensity is 

high (e.g., Balkin & Wesensten, 2011). 

In an early PVT study, before the PVT name was standardised, Lisper and 

Kjellberg (1972) investigated the length that these kinds of tasks needed to be to 

reliably capture an impact of sleep deprivation. Lisper and Kjellberg found that 

performance deterioration in accuracy and reaction time only became significant for 

sleep deprived participants after the first five minutes of the test had elapsed. Lisper 

and Kjellberg also suggested that the intensity of the task was important; if the 

successive presentation of stimuli to be responded to occurred more rapidly, 

performance would decrease more quickly. Balkin and Wesensten (2011) framed the 

declining performance over the course of a 10-minute PVT as crucial for 

understanding fatigue and differentiating fatigue from sleepiness: Previous sleep 

duration and circadian phase showed a small effect on mean response speed at the 

beginning of the PVT, a larger effect of mean response speed being observed towards 
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the end: A slope of decreasing mean response speed for each minute of the PVT can 

be observed that indicates fatigue accrual (Balkin & Wesensten, 2011). In this way, 

Balkin and Wesensten showed that with a 10-minute PVT, sleepiness and vigilance 

can be inferred from the overall score, whereas towards the end of the task, 

performance was impacted by fatigue. Unchanged performance over the 10-minute 

PVT would imply low fatigue propensity; progressively worse performance over the 

course of the PVT would indicate that fatigue propensity would have been high at the 

beginning. While sleep deprivation may influence fatigue propensity, time on some 

task needs to occur for fatigue to manifest. Therefore, it appears that sleep health 

may exert a buffering influence on the effect of time on task on fatigue. 

When assessing the impact of sleep deprivation on wake functioning, both 

subjective and objective assessment are important to measure. Van Dongen et al. 

(2003) studied 48 adults to investigate the relationships between total sleep 

deprivation and more long-term partial sleep restriction on performance and 

subjective sleepiness. After two weeks of sleep restriction to four hours a night, 

participants had similar accuracy on PVTs as participants who had three days of total 

sleep deprivation, while the increase in subjective sleepiness had plateaued for the 

partially sleep deprived. Participants with sleep opportunity restricted to six hours a 

night for the same timeframe showed less-extreme lapses on the PVTs—equivalent to 

around 1.5 days total sleep deprivation—but their subjective sleepiness plateaued to 

the same level as the four-hour sleep duration group (see Van Dongen et al., 2003, fig 

1 A&B). The subjective experience of recovery from sleep deprivation may also 

improve quickly while behavioural metrics remain impaired. In a study on recovery 

from sleep restriction, Axelsson et al. (2008) restricted nine male participants to a 
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four hour sleep opportunity window, 0300h–0700h, for five days, followed by three 

recovery days with eight-hour sleep windows, 2300h–0700h.  Subjective sleepiness 

and PVT assessment was conducted throughout the experience. Whereas subjective 

sleepiness returned to baseline after three recovery days, vigilance as measured by 

the PVT remained worse than baseline. Following periods of restricted sleep, people 

might believe themselves to be recovered, while their performance may still be 

impaired (Axelsson et al., 2008).  A subjective evaluation of sleepiness appears to 

adapt to chronically restricted sleep (Axelsson et al., 2008; Van Dongen et al., 2003). 

As a consequence, in the case of chronic partial sleep restriction, people may have 

impaired performance without necessarily realising how impaired they might be. 

When they recover, it may take some time before objective performance catches up to 

subjective evaluation. Therefore, both subjective and objective measures are 

important to capture when evaluating how changes to sleep may influence wake 

functioning 

Mitigating Fatigue and Supporting Sleep Health 

Mitigating Fatigue. If the tasks that one must do hold high levels of risk, 

impairments in performance associated with fatigue can cause significant safety 

issues (Belenky et al., 2014; Gander et al., 2014; Luyster et al., 2012; Reason, 1991; M. D. 

Weaver & Barger, 2019; Williamson & Friswell, 2013). Issues with fatigue tend to 

happen in a daily rhythm, ensuring work and rest schedules are appropriate to time 

of day, supposing synchronicity with endogenous circadian rhythms, will mitigate 

fatigue related risks (Balkin & Wesensten, 2011; Belenky et al., 2014; Gander, 2023). To 

mitigate fatigue related risks, basic strategies appear to follow two streams. The first 

stream is an application of general recommendations for mitigating fatigue related 
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risk, for example specifying “(1) maximum hours of work in any work period, (2) 

maximum cumulative hours of work across a week or month, (3) minimum rest 

requirements between work periods, (4) maximum number of consecutive work 

periods prior to a day or days free of work, and (5) limitations relating to night work” 

(Sprajcer et al., 2023, p. 260). Outside of the workplace, general recommendations for 

avoiding fatigue include managing and pacing daily activity to avoid fatigue, resting 

as needed, and ensuring adequate diet and hydration (National Institute for Health 

and Care Excellence, 2021). Dynamic fatigue risk mitigation strategies emphasise the 

importance of adapting to idiosyncratic circumstances and change over time, 

ensuring work is tuned to appropriate times in the day and ongoing evaluation and 

troubleshooting (Gander, 2005; Sprajcer et al., 2023). These fatigue mitigation 

strategies apply within the workplace as well as outside of the workplace, where 

similar principles of pacing work to avoid fatigue, and adaptation to idiosyncratic 

and dynamic changes over time are present within fatigue management in chronic 

fatigue syndrome (Casson et al., 2023). Throughout fatigue mitigation strategies, 

supporting sleep health is crucial; if people have difficulty with their sleep health, 

then other fatigue mitigation strategies will fail to compensate (Dawson & 

McCulloch, 2005). 

Supporting Sleep Health. Sleep health is crucial for supporting wake 

functioning (Dawson & McCulloch, 2005; Espie, 2022). To support sleep health, many 

recommendations, and interventions have been developed. These are described 

briefly below and range from specific recommendations and interventions to general 

principles. People may experience many combinations of sleep health difficulties 

that apply across various dimensions (Buysse, 2014). The sleep health framework 
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mentioned above can be used in understanding which specific prevention and 

intervention strategies may be useful to support sleep health (Harvey & Buysse, 2017; 

Vorster et al., 2024). 

General Principles. Espie (2022) recently codified general cross applicable 

sleep health promotion principles. These five cross-applicable recommendations 

were promoted to frame reflection and self-directed sleep health support. Espie 

urged people to recognise the value of their sleep, prioritise their sleep over other 

activities, personalise and experiment with their sleep, trust that sleep will come 

when it needs to, and protect their sleep from external influences. These principles 

were positioned by Espie as a contrast to the more specific sleep hygiene 

recommendations that are often drawn on when people experience sleep health 

difficulty. 

Sleep Hygiene. Sleep hygiene interventions take various forms that can range 

from general education modules to specific education on specific difficulties. 

General education components typically involve teaching about sleep systems and 

recommendations about substance use, the importance of exercise, bedroom layouts, 

avoiding naps, and the importance of regularity and managing stress (K.-F. Chung et 

al., 2018). These kinds of education modules and healthy sleep behaviours are often a 

first line support for people who struggle with their sleep (Hauri, 1991; Kaplan & 

Harvey, 2014). While sleep hygiene recommendations may be seen as easily 

generalisable, they can take the form of standard rules that must be followed, though 

which may not be completely applicable to their target audience. For example, 

Shriane et al. (2023) noted that sleep hygiene practices typically recommend 

consistent sleep scheduling and recommend against napping, which may be 
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inappropriate for shift workers, for whom consistent sleep schedules may be 

impossible, and for whom naps may be beneficial. These recommendations alone 

typically only lead to significant change in self-report sleep satisfaction metrics, 

particularly subjective sleep onset latency (SOL), with changes rarely being captured 

in objective measures (K.-F. Chung et al., 2018; Waters et al., 2003). 

Specialist Treatment.  Many difficulties with sleep health require more 

specialist treatment over and above recommendations to self-apply sleep-related 

principles and lifestyle changes. These more unique disorders like hypersomnolence 

and narcolepsy: difficulties with staying awake and alert; breathing-related 

disturbances like obstructive sleep apnœa; parasomnia disorders like sleepwalking 

and night terrors; or sleep-related movement disorders like restless legs syndrome 

and rapid eye movement sleep behaviour disorder (Gauld et al., 2025; Harvey & 

Buysse, 2017; Vorster et al., 2024). Each of these specific disorders may require 

specialist support with specific approaches to treatment and management ranging 

from pharmacotherapy to continuous positive airway pressure for breathing related 

issues (Harvey & Buysse, 2017). 

While specific pharmacotherapy is also often used to support people with 

sleep health related difficulties, supporting changes in environmental, behavioural, 

and cognitive aspects of sleep are more well tolerated and show more robust and 

enduring effects that medication alone (Kaplan & Harvey, 2014; Mitchell et al., 2012; 

van Straten et al., 2018). Cognitive and behavioural interventions for sleep health 

typically involve combinations of psychoeducation about sleep systems and sleep 

hygiene recommendations; behavioural interventions like progressive relaxation 
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techniques, stimulus control to support associating bedtime stimuli and sleep, and 

sleep restriction interventions, that is restricting time in bed (TIB) to increase sleep 

efficiency (SE) through homeostatic processes prior to aiming to increase total sleep 

time (TST); along with cognitive therapy to support people to challenging unhelpful 

beliefs and worries about their sleep that can maintain sleep health difficulty 

(Edinger & Carney, 2015; Harvey, 2005; Harvey & Buysse, 2017). When offered in 

combination, these interventions are often called cognitive behavioural therapy for 

insomnia and have consistently shown high efficacy in improving subjective and 

objectively measures of sleep health and alleviation of insomnia (Mitchell et al., 2012; 

van der Zweerde et al., 2019; van Straten et al., 2018; Waters et al., 2003). 

Insomnia refers to a predominant subjective complaint about sleep quality 

and quantity associated with difficulty falling asleep or staying asleep that is 

persistent for over six months and causes issues in someone’s life (APA, 2022; Kaplan 

& Harvey, 2014). There are, however, other sleep health difficulties that can be 

effectively treated through cognitive and behavioural means including too much 

TIB; circadian rhythm disorders where timing of sleep causes issues in someone’s 

life; and nightmares (Harvey & Buysse, 2017). As such, the transdiagnostic sleep and 

circadian intervention (Harvey & Buysse, 2017) was based on a broadening of 

cognitive behavioural therapy for insomnia principles and delineates broadly 

applicable cognitive, behavioural, and specialist supports for a wide range of sleep 

health difficulties that can operate independently or in conjunction with diagnosis 

specific treatment. As with many cognitive and behavioural interventions (e.g., Beck, 

2020), psychoeducation is a core element in cognitive behavioural therapy for sleep 
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health difficulties, typically involving similar sleep hygiene recommendations as 

described earlier (Harvey & Buysse, 2017). 

Harvey and Buysse (2017) introduce their education component with specific 

reference to EMU and sleep: 

If a client understands the science behind a recommendation, he or she is 

much more likely to try it. For example, many people enjoy using technology 

before bedtime. One client with a severe mental illness, who lives in a board 

and care home, described her TV as “my only friend.” She slept with the TV on 

all night. It was positioned next to her bed, near her pillow. However, this 

client was willing to try turning the TV off when she learned that bright light 

and intermittent noise interfere with the biology of sleep. (p. 12) 

There are many different extant recommendations on modifying EMU in service of 

sleep health, often recommending hardware-free time prior to sleep (Headspace, 

2022; Health Navigator Editorial Team, 2017), or wearing blue light blocking glasses 

(American Sleep Association, n.d.). The science behind these recommendations is 

rarely clear, and some recommendations are contradictory, for example one resource 

recommended 30 – 60 minutes of device-free time before bed, though also 

recommended half an hour before of listening to light music during this time, an 

activity which typically involves EMU hardware and software (New Zealand Media 

and Entertainment, 2021; Suni, 2020). Moreover, Harvey and Buysse (2017) described 

that their client was “willing to try turning the TV off”, though they did not report 

whether she was successful. Below, I outline some of the interventions that have been 
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developed for people who experience EMU-related addictions, which, at their core, 

involve difficulty with simply controlling or changing EMU. 

Supporting EMU Health. In the inceptive book on internet addiction, Young 

(1998) recommended 20 recovery strategies to support people experiencing internet 

addiction. These self-help strategies ranged from measuring time spent and 

accounting for the impact on one’s life because of the internet, to education and 

investigation into symptoms and causes of internet addiction such as loneliness, 

denial, and interpersonal difficulties.  Strategies also included support with 

communication with loved ones, setting rules for children’s internet use, tips for 

supporting others in their recovery journey, and recovery and relapse management 

support (Young, 1998).  

Since the pioneering work by Young (1998), numerous interventions have 

been developed for other EMU-related addictions. Many of these interventions note 

principles aiming for adaptive, controlled use of EMU, the importance of recognising 

the benefits of EMU, and the impracticalities of complete EMU abstinence (Cash et 

al., 2012; de Abreu & Góes, 2011; Young, 1999). Davis’s (2001) provided a cognitive-

behavioural model of pathological internet use suggesting that internet addiction 

develops, in part due to inadequate social support in other facets of life. As such, 

therapy for internet addiction typically involves extensive therapy on both 

individual and group levels (de Abreu & Góes, 2011; Malak, 2017). De Abreu and Góes 

(2011) emphasised the benefit of group therapy for generalised internet addiction; 

they created an 18-week group program for internet addiction to support groups to 
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connect, find shared understandings, and collectively adapt their internet use 

routines.  

Malak (2017) described a protocol for individualised cognitive behavioural 

therapy adapted to internet addiction. Malak’s protocol appears typical of EMU-

addiction interventions. This protocol begins with behaviour modification where a 

diary of internet use is kept by the client for assessment purposes by the therapist. 

Computer restructuring systems are put in place such as removing shortcuts and 

filtering certain websites, to remove their convenience, and setting timers to 

encourage other activities. The protocol then focusses on cognitive restructuring to 

investigate and challenge thoughts associated with triggers for internet-based 

behaviours, developing understanding of potential unfulfilled needs and problems 

that internet use causes in a client’s life to support motivation to change, and finally 

addressing understanding ætiology and coexisting problems. Similar interventions 

have been adapted to other categories of EMU-based problematic use and addictions. 

Reviews of these interventions have been conducted by Kim and Noh (2019), and 

Zajac et al (2017) for internet addiction and internet gaming disorder; Malinauskas 

and Malinauskiene (2019) for internet and smartphone addiction; and M. W. R. 

Stevens et al. (2019) for cognitive behavioural therapy for internet gaming disorder. 

To summarise across these reviews, while consistent effects were found, they were 

generally small for alleviating symptoms of addiction—cravings, triggers, tolerance, 

and neglect of other important activities—related to EMU. All emphasised that 

further research is required to clarify construct definitions and standardise 

methodologies to allow for more robust conclusions (see Zajac et al., 2017 for an 

exemplar of this discussion).  
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As yet, we do not know whether interventions on EMU improve sleep health, 

let alone how these improvements may support vigilance or mitigate fatigue. None of 

the abovementioned reviews of EMU related addiction interventions measured sleep 

health outcomes (Kim & Noh, 2019; Malinauskas & Malinauskiene, 2019; M. W. R. 

Stevens et al., 2019; Zajac et al., 2017). Moreover, “to date, experimental research that 

determines whether reductions in media use or other evidence-based interventions 

can clinically improve sleep is extremely rare.” (Exelmans & Van den Bulck, 2019, p. 

525). There appears to be a singular exception to this dearth of reviews on EMU 

addiction interventions discussing sleep health: Martin et al. (2020) conducted a 

meta-analysis on screen use interventions with children aged 2-13 years old, finding 

on average, across 11 various intervention studies, that included interventions led to 

daily screen time reductions of approximately 33 minutes, and sleep duration 

increases of 11 minutes. However, Martin et al. (2020) noted that there were many 

confounding issues; their studied interventions were not solely focussed on EMU and 

sleep, but also focussed on general household routines, parenting behaviour, 

nutrition, and other activities. One cannot attribute the 11-minute increase in sleep 

duration to changes in EMU alone (Martin et al., 2020). To date, I have found no 

similar review on adults. 

Summary 

In summary, this chapter has discussed the changing face of EMU and 

introduced a new conceptual framework through which to understand EMU. This 

chapter has also developed understandings of sleep and sleep health, and unpicked 

some nuances involved in understanding the interactions between alertness, 

vigilance, sleepiness, fatigue, and fatigue propensity. Therapeutic support to 
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mitigate fatigue, support sleep health, and intervene in EMU-related addictions were 

also described. Espie (2022) emphasised the importance of fundamental principles 

that people may adopt and adapt to their idiosyncratic situations to support sleep 

health. However, healthy sleep behaviour recommendations that mention EMU often 

take the form of specific recommendations which appear highly variable, might be 

difficult to apply, and which are rarely based on theoretical or empirical 

underpinnings. I return to this point in Chapters 3 and 4 in developing a theory of 

causal mechanisms potentially involved in the EMU–sleep health relationship and 

the development of a new intervention. Additionally, the impact of EMU 

interventions on sleep variables has not been adequately studied in the academic 

literature. Chapter 5 contributes to this sparse evidence space by assessing 

behavioural and subjective EMU, sleep, vigilance, and fatigue outcomes of the new 

intervention. The next chapter investigates an aggregation of the research on the 

EMU sleep health relationship in adults through an umbrella scoping review 

methodology. Note that as the following chapter is in preparation for publication 

independent of the entirety of this thesis, some discussion points from the above 

chapter will be repeated below.
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Chapter 2 

 An Umbrella Scoping Review Charting Electronic Media Use and Sleep Health in 

Adults.1 

Structured Summary 

Background. Despite a wealth of research into the relationship between electronic 

media use (EMU) and sleep in the past decade, it remains difficult to know how best 

to use (or not use) electronic media in the service of sleep health. Objective. To 

develop a clearer picture of the relationship between EMU and sleep health in adults.  

Design. An umbrella scoping review is presented, mapping extant reviews on the 

relationships between EMU and sleep health in adults. Overlapping primary studies 

created a literal map of the literature. A novel framework for viewing EMU is applied, 

alongside the sleep health framework to assess concepts and knowledge gaps.  

Results. Of 3261 records screened, 18 reviews were included. No reviews were found 

that synthesised multiple studies using behavioural measurement or on data from 

which causality can be inferred. Most studies investigated the intersection between 

user addiction variables and self-reported sleep satisfaction. Many reviews noted 

high between-study variance and tentative conclusions. Conclusions. Concepts, 

methods, and measurement of EMU–sleep health require refinement. Further 

investigation into causal mechanisms may support more consistent and generally 

applicable recommendations. 

1 This paper is currently in preparation for publication; yet to be submitted. 
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An Umbrella Scoping Review Charting Electronic Media Use and Sleep Health in 

Adults. 

With the ongoing explosion of electronic media use (EMU) over recent 

decades, a common belief perpetuated across academic and popular media, is that 

EMU has led to a change in sleeping patterns (Cabré-Riera et al., 2019; Gradisar et al., 

2011; Magee et al., 2014; Matricciani et al., 2017). This belief may be fuelled by 

perceived trends of shortening sleep duration in the last 30 years (cf. Bin et al., 2012; 

Matricciani et al., 2017) concurrent with rises in EMU (Anderson & Perrin, 2017; 

Boniel-Nissim et al., 2015; Roberts & Foehr, 2008; Twenge et al., 2019). Theoretical 

links between EMU and sleep health (Bauducco et al., 2024; Snyder & Chang, 2019) 

along with these changing patterns understandably combine to form a general 

perception that EMU negatively impacts sleep. The latest consensus from the 

National Sleep Foundation has concluded EMU screen use impacts sleep in children 

and adolescents. For adults, however, consensus on the relationship between EMU 

and sleep remains elusive (Hartstein et al., 2024). 

Typically, EMU is understood as interfering with sleep through light exposure, 

time displacement, and arousal mechanisms (Bauducco et al., 2024; Exelmans & Van 

den Bulck, 2017b; Heath et al., 2014; Kroese et al., 2016; Snyder & Chang, 2019; Zeitzer 

et al., 2000). EMU may also support sleep by facilitating detachment, recovery, and 

relaxation (Liu et al., 2020; Reinecke & Hofmann, 2016). Popular recommendations 

on presleep EMU reflect the lack of consensus in the science (e.g., Headspace, 2022; 

Health Navigator Editorial Team, 2017; Suni, 2020). Recommendations typically 

range from 30 minutes to one hour of no EMU before bed, though some also 

encourage EMU, for example by winding down by listening to light music (Suni, 
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2020). While these appear to align with current conceptualisation of EMU–sleep 

health mechanisms, few presleep EMU recommendations cite clear empirical 

evidence for their content, focussing on various limitations with vague delineation. 

EMU and sleep are both incredibly complex subjects. Exelmans and Van den 

Bulck (2019) noted that when studying the sleep–EMU relationship, sleep may be well 

understood, but EMU requires better understanding. To unravel these topics’ 

complexities, this umbrella scoping review draws on the sleep health framework 

(Buysse, 2014; Vorster et al., 2024), and introduces a novel framework for EMU in 

order to chart and synthesise the research field. 

The sleep health framework, originally introduced by Buysse (2014) has been 

recently updated (Vorster et al., 2024). This framework sees sleep health as 

aspirational and multidimensional, currently containing eight dimensions: 1) 

satisfaction/quality; a person’s holistic subjective assessment of their sleep; 2) 

alertness: their attention capacity and vigilance in waking hours; 3) timing: when in 

the day their sleep is set; 4) efficiency: the amount of sleep one gets over the time 

allocated for it; 5) duration; the total amount of sleep time in a 24h period (Buysse, 

2014); further dimensions of 6) regularity: the consistency of sleep timing from sleep 

to sleep; 7) breathing: respiratory functioning during sleep; and 8) disordered sleep: 

capturing specific parasomnias not described by the other dimensions have recently 

been suggested for formal addition (Vorster et al., 2024). The sleep health perspective 

has been described as “a distinctively useful paradigm to facilitate interpretation of a 

multitude of sleep dimensions” (J. Chung et al., 2021, p. 1). Sleep health’s expansion 

adds breadth and appears similarly useful. 
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In a prototypical review in this field, Cain and Gradisar (2010) grouped EMU 

based on specific use cases and niches: “television viewing” (P.736), “computer or 

electronic games” (p. 738), “mobile telephone use” (P. 739), and “music” (P. 740). 

Exelmans and Van den Bulck (2016) noted that with the diversity and convergence in 

EMU, the arbitrary nature of these kinds of groupings may become more 

problematic. Following the call by Exelmans and Van Den Bulck (2019) in refining 

understanding of EMU, a novel conceptual framework is introduced here to support 

with synthesising studies on the EMU–sleep health relationship. This framework is 

used to delineate EMU constructs within the current scoping umbrella review 

through five lenses depending on the review’s focus. These five lenses through which 

EMU could be studied or measured are 1) user: attributes of the person using EMU; 2) 

context: situational aspects of EMU; 3) hardware: variables of the EMU devices, their 

names, or attributes; 4) software; the algorithmic aspects of EMU that mediate 

between hardware and content and 5) content; descriptions of the sensory 

experiences of EMU.  

Scoping reviews aim to map out and create an overview of scientific literature. 

Importantly, they are not designed to synthesize answers to specific questions, but 

rather investigate the types of evidence that are available, methodologies used, and 

provide an overview of conceptual understandings themes, concepts, and identify 

potential research niches that are yet to be filled (Arksey & O’Malley, 2005; Munn et 

al., 2018; M. D. J. Peters et al., 2022; Pham et al., 2014). Moreover, umbrella reviews 

focus specifically on secondary sources to broadly chart the evidence available in a 

particular field (Cant et al., 2022). The overarching question that guided this review 

was: What is the scope and nature of existing reviews on EMU and sleep health in 
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adults? A key focus was on conceptualisations of EMU and whether new insights 

could be gained through applying the novel EMU framework. This umbrella scoping 

review also sought to provide summary and perspective on research challenges in 

this complex field. Given the potential, breadth, and complexity of research into 

EMU and sleep’s relationship, an umbrella scoping review is presented below to chart 

reviews pertaining to the relationship between EMU and sleep health in adults. 

Method 

Protocol 

The current review follows PRISMA-ScR guidelines (see Appendix A; Tricco et 

al., 2018), and traditional scoping review methodology (Arksey & O’Malley, 2005). The 

review was initially registered on Open Science Framework: https://osf.io/nv5dh/.  

Since registration, the protocol was updated to focus only on adults, and update the 

date range. Updated methodology is presented below.  

Search Strategy 

Search terms, developed in collaboration with Massey University's subject 

librarian (J. Duncan, personal communication, 28 April, 2023) were: ("cell* phone*" 

or "mobile phone*" or "smart phone*" or "computer*" or "laptop*" or "tablet" or "e 

reader*" or "e book*" or "electronic media" or "screen time" or internet or 

"information technology" or "information communication technology" or "social 

media" or "digital media" or "instant messag*" or "e mail*" or "video chat*" or "phone 

call*" or "television" or "movie*" or "video*" or "game*" or "gaming" or "console" or "e 

sport*" or "blue light" or "blue green light" or "light exposure" or "short wavelength" 

or "online learning" or "e learning" or "cyber leisure" or "e leisure" or "e ink" or "crt" or 
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"lcd" or "led" or "oled" or "vr" or "virtual reality" or "augmented reality") AND ("sleep*" 

or "fatigue*" or "tired*") AND ("systematic review*" or "meta-analys*" or "narrative 

review*" or "scoping review*" or "qualitative synthesis" or "quantitative synthesis" or 

"integrative review*"). These terms were used within EBSCOHOST discover service to 

search MEDLINE, CINAHL Complete, and APA PsycINFO. They were also adapted for 

searches in the Cochrane Database of Systematic Reviews and SCOPUS. All searches 

were run on 12 May 2023. Further articles were found by scanning reference lists of 

included reviews. Search records were imported into Rayaan (Ouzzani et al., 2016) for 

deduplication, and manually screened to ensure accuracy.  Titles and abstracts were 

assessed for potential inclusion. Full texts were retrieved and arranged in Zotero 

(Takats et al., 2022) for review against the inclusion and exclusion criteria and 

digesting included studies.  

Eligibility Criteria and Study Selection 

We included peer-reviewed meta-analyses, systematic reviews, scoping 

reviews, or reviews following similar methodologies published in English between 01 

January 2010 and 12 May 2023 that either described, explained, commented on, or 

synthesised primary literature on the EMU–sleep health relationship, provided 

definitions of their EMU constructs and considered adulthood (age 18+) in their 

scope. Reviews were excluded if they did not synthesise multiple articles on the 

EMU–sleep relationship; did not provide searching and review methodology; were 

reviews of interventions delivered through electronic media; conflated EMU with 

sedentary behaviour or other environmental exposures (e.g. environmental lighting 

and electromagnetic radiation); did not include studies on adults, or focussed on 

specific medical conditions or mental health difficulties (unless they specifically and 
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separately assessed the EMU–sleep health relationship). Reviews primarily focussing 

on changes during the COVID-19 pandemic were excluded given significant 

circumstantial confounds. Reviews focussing on social media fatigue were also 

excluded due to conceptual divergence from sleep health. 

Charting the Data 

Data charting was completed independently by the primary author. Data 

items included reviews aims, EMU definitions and assessment methods for EMU and 

sleep variables, summaries of outcomes, limitations, and commentaries from the 

reviews. Observations of types of evidence drawn on in the reviews were also 

compiled. Effect sizes in meta-analyses were extracted and summarised (Chen et al., 

2010; Cohen, 1988; P. D. Ellis, 2010). If review studies provided unclear reference to 

measurement instruments used, primary sources were drawn on for clarity. Citations 

of all included primary studies on the sleep–EMU relationship were extracted, 

tabulated and arranged to create a literal map of the research using iGraph (Csardi & 

Nepusz, 2006) in R (Version 4.0.5). 

Synthesis of Results 

Prior research for this umbrella scoping review revealed no frameworks in the 

literature that described a foundational approach to what constitutes EMU. A novel 

framework was devised to delineate EMU constructs into five constituent lenses: 

Context, User, Content, Software, and Hardware. Intersections were drawn between 

EMU and relevant dimensions of sleep health. Studies could be intersected in 

multiple aspects of EMU and sleep health frameworks if they clearly addressed 

separate aspects. 
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Results 

In total, 18 reviews were included in the umbrella review, which drew from 199 

primary sources. These were distilled from 3232 records identified through academic 

databases, of which 15 were initially included; 29 records were identified from the 

reference lists of the 15 initially included articles, of which 3 met criteria. In total, 

2166 records were scanned for relevance and 91 full texts were read to assess 

inclusion criteria. This process was completed by the primary author with 

consultation with other authors for less certain decisions. Figure 2 charts stages of 

record identification and refinement. 

Characteristics of Included Reviews 

Of the 18 included reviews, five were systematic reviews that also meta 

analysed the sleep–EMU relationship (Alimoradi et al., 2019; Chan et al., 2022; 

Kristensen et al., 2021; Li et al., 2020; Yang et al., 2020). Thirteen studied the sleep–

EMU relationship in systematic reviews or similar methodology (Alonzo et al., 2021; 

Brautsch et al., 2023; C. Kemp et al., 2021; Kuss et al., 2021; Mac Cárthaigh et al., 2020; 

MacKenzie et al., 2022; Männikkö et al., 2020; Mihara & Higuchi, 2017; Ramjan et al., 

2021; Ratan et al., 2021; Sadagheyani & Tatari, 2021; Sánchez-Fernández et al., 2023; 

Zhong et al., 2022). One of these systematic reviews (MacKenzie et al., 2022) focussed 

on qualitative research. The other 17 reviews were based primarily on quantitative 

correlational data.  Details of the 18 included reviews are described in Table 1.  
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Mapping the Field 

Figure 3 presents the network map that was drawn by overlapping primary 

studies used to describe the relationship between EMU and sleep health. The 

research ecosystem, when delineated by EMU–related variables contained four 

primary niches each with at least three reviews: gaming associated (n = 5), social 

media associated (n = 3), internet associated (n = 3), and smartphone associated (n = 

6) reviews. One further review (Brautsch et al., 2023) investigated digital media,

which interestingly, contained no overlap with the gaming nor internet addiction 

studies, likely as Brautsch et al. investigated time spent on EMU, which addiction 

metrics tend not to capture. The prominence of (Alonzo et al., 2021) as a central link 

in Figure 3 indicated low specificity in their application of the social media construct. 
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Table 1 

Characteristics of Included Reviews 

Code †, Author (Date). 
Review Type. 
Number of Studies* 

EMU Aspects. EMU Definition. 
EMU Measures. 

Sleep Aspects. 
Sleep Measures. 

Main Outcomes on the Sleep & EMU 
relationship. 
Highlighted Limitations, Discussions and 
Commentary. 

R01 
Alimoradi et al. (2019). 
Systematic review / meta-analysis. 
23 studies 
 

Internet addiction symptoms: Tolerance, loss 
of control of use, escapism, deception, and 
neglect of consequences along with 
disturbances in other areas of life. 
DSM-5 IGD symptoms, 
YIAT, YDQ, s-IAT, CIAS, IOS. 

Sleep disturbances: “Sleep problems based on 
the reported diagnosis or the assessment 
measure.” (p. 53). 
Sleep duration: “sleep duration in mean hours 
with standard deviation” (p. 53). 
PSQI, ISI, AIS, ESS, SHQ, GHQ, CASC, 
researcher-devised questionnaires. 

Pooled OR for sleep problems in presence of 
internet addiction: 2.20 (95% CI: 1.77 - 2.74). 
Pooled SMD for sleep duration for internet 
addiction group compared to normal internet 
users: -0.24h (95% CI: -0.38, -0.10) 
All analysed studies used self-reports in 
assessing internet addiction or sleep, 
influence of social desirability and memory 
recall bias. 

R02 
Alonzo et al. (2021). 
Systematic Review. 
42 studies 
 

Social media: Internet-based applications that 
facilitate exchange and exploration of user 
generated content. 
YIAT, YDQ, SAS, SAS-SV, CIAS, COS, BFAS, 
MTUAS smartphone usage subscale, 
SQAMPMU, OSNA. 
Self-reported: disturbance from phones in 
sleep diaries; combinations of hardware, 
internet, and Facebook use frequency, 
intensity, duration, timing, and impact 
estimates. 

Synthesised under “sleep quality” included 
terms: sleep quality, sleep disturbances, sleep 
loss (defined as sleep duration shorter than 7-
9 hours), poor sleep outcomes, sleep duration 
on weekdays and weekends, compensation, 
and sleep difficulties. 
PSQI, BIS, ISI, AIS, SSHS, KSQ, MOS-SS, GSAQ. 
Other self-report: sleep diaries, sleep 
quality/quantity/duration /loss/timing 
estimates. insomnia, sleepiness upon 
awakening. 

23 studies found positive associations 
between frequent social media use and poor 
sleep quality. 5 cohort studies found 
excessive social media use at baseline as a 
risk factor for poor sleep quality at follow up. 
“Excessive internet use and mobile phone use 
were the most commonly examined forms of 
social media,” (p. 6). 
Limitations: most studies used convenience 
samples, all studies used self-reported 
measures introducing potential biases. 
Suggested: “Future studies would benefit from 
the use of more objective methods of 
measuring sleep quality and technology use 
(actigraphy, screen time monitors on 
smartphones) as well as adopting longitudinal 
study designs to clearly establish temporality 
of the observed associations.” (p. 10) 
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Code †, Author (Date). 
Review Type. 
Number of Studies* 

EMU Aspects. EMU Definition. 
EMU Measures. 

Sleep Aspects. 
Sleep Measures. 

Main Outcomes on the Sleep & EMU 
relationship. 
Highlighted Limitations, Discussions and 
Commentary. 

R03 
Brautsch et al. (2023) 
Systematic Review/rapid review. 
42 studies. 

Digital media: Devices or software examples: 
computer, smartphone, tablet, television, 
social media, internet, gaming, blogging, e-
mail. Assessed time spent on any device or 
platform. Compiled all measures into "total 
screen use" (p. 3). In the narrative of results, 
they used the term "digital media use". The 
term "total screen use" was not mentioned 
after the introduction. 
Specific questionnaires used in studies not 
reported. 

Sleep quality, sleep disturbances, daytime 
tiredness, sleep duration, 
delayed bedtime, sleep onset latency / 
problems falling asleep, 
early awakening, and discrepancy between 
wake-up times. 
KSQ, BIS, ESS, PSQI, ISI, single item self-
reports, diary assessment, actigraphy. 

Consistent evidence pointing to reduced sleep 
duration and satisfaction/quality when using 
some types of media (particularly 
smartphones) at nighttime. 
Inconsistent evidence for many sleep 
outcomes studied. Many studies showed lack 
of interactions between EMU variables and 
sleep variables. others showing interactions in 
some contexts. 
Limitations: Most studies used self-reported 
measurements of digital media use and sleep 
outcomes: noted a risk of misclassification, 
recall and social desirability bias. 

R04 
Chan et al. (2022). 
Systematic Review/meta-analysis. 
8 studies 

E-sports: a type of sport where actions and 
outputs are primarily mediated through 
human-computer interfaces. Included both 
players and audiences. 
None of the studies on sleep discussed e-
sports specifically but were rather focused on 
video gaming. 
Two included studies defined video games: 
one provided examples of genres of video 
games, the other provided devices and 
software elements. Both focussed on gaming 
duration. 

Sleep duration: assessed with self-report and 
fitbit. Sleep quality in meta-analysis included 
3 studies that used global PSQI. 
Other measures included CSHQ, FAS, BIS. 
Insomnia complaints self-reports. 
single studies: sleep onset delay, weekday 
sleep duration, daytime sleepiness, fatigue, 
later bedtime, later rise time, sleep efficiency 
and daytime disfunction from PSQI. 

Mixed-findings about the relationship 
between video-gaming and sleep. 
Systematic review described negative impacts 
of video gaming on sleep quality from 3 
included studies, and on duration from 2 
studies. Sleep quantity not in meta-analysis. 
Sleep quality relationship was meta-analysed: 
video gaming was not significantly associated 
with sleep quality. 
One study mentioned "intensity of video game 
playing" was related to sleep quality, however 
quantity was not. 
Limitations: Noted small sample sizes of 
included studies. 

R05 
Kemp et al. (2021). 
Systematic Review. 
12 studies 

Habitual gamers: Individual self-identification 
with regular game playing, either 
recreationally, competitively, or professionally. 
Gaming: Playing an electronic game on 
personal computer, game console, or mobile 
phone. Excluded arcade games. Studies 

sleep quality: mostly assessed through PSQI, 
>5 cutoff score or correlations. 
Symptoms of insomnia: ISI, BIS, Interview. 
Self-report sleep duration & sleep timing. 
Single studies: restfulness of sleep, wake up 
time and delayed sleep phase syndrome, ESS. 

Mixed results in relationship between sleep 
delay and video gaming volume: one study 
found association, two did not. 
Inconsistent small effect sizes between 
addiction and other sleep outcomes. 
Summarised one study that observed a 
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Code †, Author (Date). 
Review Type. 
Number of Studies* 

EMU Aspects. EMU Definition. 
EMU Measures. 

Sleep Aspects. 
Sleep Measures. 

Main Outcomes on the Sleep & EMU 
relationship. 
Highlighted Limitations, Discussions and 
Commentary. 

generally on metrics of duration, although 
gaming intensity discussed in one study. 
Gaming addiction: assessed using measures 
aligned with DSM or ICD criteria for 
dependence/addiction: DAS, GAS-SF, YIAT-SF, 
IGDS9-SF, AIE-Q 

significant (but small) odds ratio for lowered 
sleep quality: 0.969 (Altinas et al., 2019) as 
evidence for a "deleterious effect on sleep" (p. 
11). 
Research gaps: Impact of sleep on gaming 
performance, difference in effects with 
different hardware.  
Limitations acknowledged: Self-report 
instruments, social desirability and recall 
biases, all studies cross sectional, online 
based survey collection methods & 
convenience samples reduce 
representativeness & potential of falsified 
data, heterogeny in measures for gaming and 
internet addiction, gaming duration inferring 
addiction may overlook gaming without 
functional impairment, sleep duration metrics 
do not consider timing, studies generally 
assumed homogeneity in other variables 
across their samples. 

R06 
Kristensen et al. (2021). 
Systematic review / meta-analysis. 
34 studies 

Problematic gaming: A pattern of gaming 
having negative influence on health and 
interference in daily activities. 
Assessed with adapted DSM/ICD criteria 
/addiction symptoms.  
Measures: AIE-Q, DAS, IGDS9-SF, KFN-CSAS-
II, AICA-S, CESR, CGA, GAS(A), GASA, GASA-
SF, IGD-20, IGDQ, IGDS, IGDT-10, OGASA, 
OVGA, PTU 
One study assessed problematic gaming 
through diagnostic interview. One based 
solely on time spent playing; problematic 
gaming ≥ 4 h playing a day. 

Sleep variables in meta-analysis: sleep 
duration, sleep quality, daytime sleepiness, 
sleep problems. 
Majority of studies used self-report to assess 
sleep variables. One study used fitbit to 
measure sleep duration. One study used 
diagnostic interviews for insomnia & delayed 
sleep phase. 
Measures included: Neuro-QOL-SD-SF, SAMQ, 
SCL-90R, ISI, PSQI, PDSS, BIS, other 
researcher-devised measures. 

Overall effects considered small in 
associations between problematic gaming and 
sleep factors. 
Sleep duration: small negative association: g 
= −0.238 [−0.364, −0.112]. Difference in 
mean TST (min): -20.79 [−27.31, −14.30]. 
Adolescent populations higher effect size than 
adult populations. 
Sleep quality: Higher odds of poor sleep 
quality OR = 2.02 [1.47, 2.78] 
Daytime sleepiness: Higher odds of reporting 
daytime sleepiness, OR = 1.57, [1.00, 2.47], 
single item questionnaires showed higher 
overall effect size, OR = 2.74 [1.84, 4.08] 
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Code †, Author (Date). 
Review Type. 
Number of Studies* 

EMU Aspects. EMU Definition. 
EMU Measures. 

Sleep Aspects. 
Sleep Measures. 

Main Outcomes on the Sleep & EMU 
relationship. 
Highlighted Limitations, Discussions and 
Commentary. 
than multi-item questionnaires, OR = 1.01 
[0.70, 1.44]. High between study variance. 
Sleep problems: Increased odds of reporting 
sleep problems OR = 2.60, 95% CI [1.94, 
3.47]. High between-study variance. Multi 
item questionnaires, OR = 3.47 [2.51, 4.81] 
had a higher effect compared with single item 
studies OR = 1.77, [1.23, 2.65]. High 
heterogeny within subgroups & across 
studies.  
Noted "serious limitations" (p.13) in the 
literature: correlational studies on 
convenience samples of primarily western 
adolescents in educational facilities. 
Heterogeny in measurement. Genre of games, 
changing habits, motivations for playing not 
addressed. Loosened construct definition to 
improve analytic power. 

R07 
Kuss et al. (2021). 
Systematic review. 
3 studies. 

Generalised internet addiction: an umbrella 
term encompassing addictions to specific 
online behaviours incorporating symptoms of 
salience, mood modification, tolerance, 
withdrawal, conflict, and relapse. 
Measure: YIAT  

poor sleep quality, 
sleep problems, 
sleep duration. 
not further defined. 

Internet Addiction was significantly associated 
with poor sleep quality, sleep problems, and 
negatively associated with sleep duration. 
Cited one study for each sleep variable 
independently. Cited all three when reporting 
a positive correlation between internet 
addiction and sleep problems generally. 
Various cutoff scores for YIAT reportedly 
employed. Not described per study. 

R08 
Li et al. (2020). 
Systematic review/meta-analysis. 
14 studies. 

Mobile phone addiction: An inability to 
regulate use leading to negative 
consequences. Synonyms: smartphone 
addiction, problematic smartphone use, 
excessive smartphone use, problematic 
mobile phone use, mobile phone dependence. 

Sleep quality 
PSQI global scores 

Meta analysed mobile phone addiction 
association with sleep quality: summary r = 
0.28, [0.22–0.33], P < 0.001 
No significant subgroup variability for studies 
based on survey method, sampling strategy, 
measurement instrument for MPA, geographic 
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Review Type. 
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EMU Aspects. EMU Definition. 
EMU Measures. 

Sleep Aspects. 
Sleep Measures. 

Main Outcomes on the Sleep & EMU 
relationship. 
Highlighted Limitations, Discussions and 
Commentary. 

Measures: MPAI, MPATS, SAS, SAS-SV, SPAI, 
SPAI-BR. 

location, student's specialty, sample size and 
sex ratio of studies. Did not detect any 
publication bias amongst the sleep studies. 
Discussed that sleep quality could be a partial 
mediator for the impact that mobile phone 
use has on emotions. 
Based on correlational data, stressed possible 
reverse or bidirectional causality. All studies 
based on self-report. Restricted 
measurements to certain scales so noted 
possible underpowering of analyses. Despite 
restricted measures, noted substantial 
heterogeneity. 

R09 
Mac Cárthaigh et al, (2020). 
Systematic review. 
9 studies 

Problematic smartphone use: Overuse of 
smartphones to the extent that it disturbs 
daily life. 
Self-report measures: MPPUS, SAS-SV, SAPS, 
SPAI, MPAI. One study used a non-validated 
scale. 

Sleep quality  
PSQI & translations. One of these studies also 
included actigraphy. 
Two studies not on sleep quality. One of these 
on daytime sleepiness (PDSS) and one on 
chronotype (CSM) and sleep duration (not 
further described). 

7 studies compared subjective sleep of 
participants scoring high and low on 
measures of PSU. All supported hypothesis 
that PSU is associated with “poor sleep”. Study 
that used actigraphy did not show significant 
effect. 
Weighting of quality of evidence below 
acceptable 
Limitations: Conceptual issues with the term 
“addiction” and difficulties operationalising 
problematic smartphone use. Reliance on 
subjective sleep measures, effect not 
supported by actigraphy study. No objective 
data to measure smartphone use. Time 
distortions during smartphone use distort 
self-report. All studies cross-sectional on 
homogenous samples within specific cultural 
contexts. Findings should be considered only 
tentative. 
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Code †, Author (Date). 
Review Type. 
Number of Studies* 

EMU Aspects. EMU Definition. 
EMU Measures. 

Sleep Aspects. 
Sleep Measures. 

Main Outcomes on the Sleep & EMU 
relationship. 
Highlighted Limitations, Discussions and 
Commentary. 

R10 
MacKenzie et al. (2022). 
Qualitative systematic review and thematic 
synthesis. 
14 studies. 

Primarily focussed on social interactions 
involved in nighttime social media use. 
examples: messaging friends, group chats, 
sending pictures. 
Given qualitative nature of studies, 
terminology and definitions were explored as 
part of method and results. 
Associated user attributes: fear of missing 
out, thoughts of phones, habitual use, & 
perceived lack of control. 

Sleep timing, duration, daytime functioning 
interaction: qualitative analysis concerned 
patterns of delaying bedtime and sleep 
resulting in next day tiredness. 

Three analytical themes, with 12 subthemes: 
1. Social motivations (fear of missing out, 
social accountability, not subscribing to 
norms, enjoyment of bedtime social media 
use) 
2. Habitual Smartphone use (strong urge to 
‘check’ phone, automaticity of habitual use, 
difficulty in stopping electronic use, losing 
track of time, social media as a facilitator of 
sleep) 
3. Recognition of a problem (negative effects, 
restrictions of electronics at bedtime, 
distraction from other priorities). 
Suggested that interventions need to find a 
balance between the facilitatory effect of 
social media use on sleep, and the drawbacks 
that simply imposing limits on social media 
use might have on sleep, calling for 
technology-based interventions. 
Two competing and essential parts of 
adolescent development; sleep and social 
acceptance. 
Limitations noted in studies: Absence of 
cultural / sociodemographic factors, primary 
researchers failing to place themselves 
culturally or theoretically. Inconsistent use of 
terminology between studies. 

R11 
Männikkö et al., (2020). 
Systematic review / meta-analysis. 
3 studies in systematic review, 0 in meta-
analysis 

Problematic Gaming Behaviour: Experiencing 
withdrawal, loss of control and problems in 
personal relationships, at work and in school. 
Self-report assessment instruments: adapted 
DSM-IV-TR criteria for Substance 
Dependence, IGAS, KFN-CSAS-II. 

Sleep disturbances (in discussion) and sleep 
problems (in results) used interchangeably 
with no further definition. 
Methods: One used open question, one 
unclear methodology, one unvalidated 
question on sleep disturbance and sleep time. 

Noted an association between sleep problems 
and problematic gaming behaviour in the 
three studies. Not described further. 
Limitations noted: Sampling bias given many 
studies recruited from social media. Response 
bias given self-report nature of studies. 
Inconsistent cutoffs in scales used to 
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determine problematic gaming behaviour. 
Heterogeneity of the data obtained. Studies 
mostly cross sectional. 

R12 
Mihara & Higuchi (2017). 
Systematic review. 
4 studies. 

Internet gaming disorder: defined with 
reference to DSM-5 criteria, though also 
included offline gaming. 
 
GADS, GAS, VGDS, PVGUS. 

Sleep problems with no further definition or 
description of assessment methods. 
Described in table as: 
sleeping problems, sleep problems, and sleep 
disturbance. 

Stated that internet gaming disorder is related 
to sleep problems, no further elaboration. 
Noted methodological inconsistencies in 
reviewed studies hindering identification of 
reliable associations or identification of 
prevalence rates. Noted cross sectional nature 
of many studies.  All studies pertaining to 
sleep were cross sectional. 

R13 
Ramjan et al. (2021). 
Integrative literature review. 
2 studies. 

Smartphones: Tools used to access drug 
information, guidelines, sharing of visual data 
with colleagues, real-time access to the 
internet to support evidence-based care and 
connect with colleagues for isolated 
community nurses. Described as ubiquitous 
given portability and versatility. 
One study assessed smartphone use 
(methodology not described), the other used 
COS. 

Sleep quality. 
PSQI 

Concluded “the studies in this review have 
determined that smartphone use had a direct 
and indirect detrimental impact on students’ 
physical (sleep quality)" (P.17) 
Quality appraisal rated both studies as "weak" 
Limitations noted: Only including English 
articles, excluding grey literature. The studies 
on sleep were correlational descriptive 
studies. 

R14 
Ratan et al. (2021). 
Systematic review. 
6 studies 

Smartphone addiction: behavioural addiction 
including symptoms of mood tolerance, 
salience, withdrawal, modification, conflict, 
and relapse. 
Measures: PUMP, SAS, SAS-SV, CSAI, SAS, Self-
reported questionnaires. 

Sleep quality: PSQI, AIS 
Daytime disfunction: PSQI 
Sleepiness: ESS 
One study mentioned reduced subjective 
sleep duration, though specific methodology 
not reported. 

Five studies reported association between 
smartphone addiction and sleep quality. 
Outcomes of insomnia/sleepiness/daytime 
dysfunction not reported in narrative. 
Limitations: Studies were cross sectional. All 
papers were English, most studies from 
developed countries. Lack of standardised 
scales and cut-off scores for determining 
smartphone addiction. 
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R15 
Sadagheyani & Tatari, (2021). 
General review. 
8 studies. 

Social media, classified into seven types: 
social networks, blogs, wikis, podcasts, 
forums, content communities and micro-
blogs. 
Only defined social networks: a set of web-
based services that allow individuals to create 
public or private descriptions for themselves, 
communicating with other members of the 
network, sharing their resources with them, 
and using this platform to find new 
connections. 
Methodologies of assessing social media not 
discussed. 

Poor sleep quality / Poor sleep.  
Not further defined and methodologies of 
included studies not discussed. 

Noted that social media at night on phones, 
laptops, and tablets associated with decreased 
sleep quality, also that greater social media 
use causes poor sleep which could increase 
depressive symptom scores. 
Suggested a warning system intervention: a 
message to high users of social media 
warning of harms of social media addiction. 
Suggested “we should try to use more active 
interactions in social media and use these 
interactions to strengthen communication in 
the real world.” (p. 48) Also suggested 
education for students about the harms of 
social media. 
The authors stated that their study had 
limitations but did not say what they were 
other than that they only examined the 
relationship between social media and mental 
health. 

R16 
Sánchez-Fernández et al. (2023). 
Systematic review. 
6 studies. 

Problematic internet use: a maladaptive 
Internet use pattern characterized by loss of 
control, appearance of negative consequences 
and obsessive thinking when the Internet is 
inaccessible. 
Measure: YIAT 

Poor sleep quality: an umbrella term lifestyle 
predictive factor for problematic internet use. 
Included sleep quality, “Sleeping less than 6h 
daily” (p.25) physical and mental fatigue, 
insufficient sleep, Sleep disturbance referring 
to “over six to 7 h or less than six to 7 h of 
sleep” (p.25). Methodologies for assessing 
sleep not described 

Poor sleep quality: 
Of the six studies, five found significant 
effects between problematic internet use and 
sleep: One small, one medium, one large, two 
mixed effect sizes. One study mentioned 
“hours of sleep as a potential protective 
factor.” (p.25) 
Limitations: Studies did not discuss specific 
behaviours. Authors called for future research 
to be done on specific use cases. Various YIAT 
cutoff points leading to heterogeny. 
Acknowledged dynamic nature and continuum 
of severity. Only studied direct effects: called 
for future research into indirect variables. 
Many of the studies were conducted in Asia. 
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Code †, Author (Date). 
Review Type. 
Number of Studies* 

EMU Aspects. EMU Definition. 
EMU Measures. 

Sleep Aspects. 
Sleep Measures. 

Main Outcomes on the Sleep & EMU 
relationship. 
Highlighted Limitations, Discussions and 
Commentary. 
Lack of consensus around conceptualisation, 
criteria, and assessment tools for valid and 
reliable information about problematic 
internet use. Urged for more qualitative work 
to understand causes and symptoms to allow 
more precise instruments to be developed. 
Recommended further research using 
longitudinal designs controlling for possible 
confounds. Fact check: The authors claimed 
that internet gaming disorder “was officially 
recognized” (p. 2) in the DSM-5 “in the same 
chapter with substance use disorders” (p. 1). 
This is incorrect (cf. APA, 2013). 

R17 
Yang et al., (2020). 
Systematic review / meta-analysis. 
8 studies 

Problematic smartphone use: excessive use of 
smartphone, a strong internal drive for 
smartphone use, impaired ability to self-
control, increased time given to smartphone 
use. continuation of use despite negative 
consequences. 
Measures: MPPUS-10, SAS-SV,K-SAS, MPPUS, 
COS, PCPU-Q. 

Poor sleep quality.  
PSQI, PDSS, AIS 

Significant association between problematic 
smartphone use and poor sleep quality, OR 
=2.19. [1.79, 2.67], moderate heterogeneity, 
I2 =56.9%, p = 0.023. 
 
Limitations: No universal consensus on 
problematic smartphone use definition. 
Heterogeny in PSU and outcome measures. 
Most studies cross-sectional, mainly focussed 
on students, self-report, unequal gender 
distribution, prone to recall and social 
desirability bias. Univariate analysis did not 
address potential moderators.  
Recommendations: network analysis for 
exploring mechanisms, use apps to log 
smartphone usage, studies with more 
participants to reduce sample biases, 
longitudinal studies to provide evidence for 
causal relationships. 
 



60                           C H A P T E R  2  

 

Code †, Author (Date). 
Review Type. 
Number of Studies* 

EMU Aspects. EMU Definition. 
EMU Measures. 

Sleep Aspects. 
Sleep Measures. 

Main Outcomes on the Sleep & EMU 
relationship. 
Highlighted Limitations, Discussions and 
Commentary. 

R18 
Zhong et al., (2022). 
Qualitative synthesis / Meta-analysis. 
5 studies (0 in meta-analysis) 

Smartphone addiction: Dependence on or 
addiction to smartphones and an 
"uncontrollable fear" (p.1172) of being without 
contact of their mobile phone. 
Synonyms: smartphone overuse, nomophobia, 
problematic smartphone use. 
Only included studies that used SAS or SAS-
SV, Note: SAS and SAS-SV do not assess for 
uncontrollable fear. 

Sleep quality 
PSQI 

Overall prevalence estimate of smartphone 
addiction: 41.93% 
Range of significant correlations observed 
between smartphone addiction and poor sleep 
quality in three studies (r = .17—.31). 
Range of odd's ratios varying from OR = 
3.19—2.12 for reporting poor sleep quality in 
the PSQI in context of meeting smartphone 
addiction criteria in SAS(SV). 
Limitations: Only including use of two 
smartphone addiction scales and one sleep 
scale. Significant heterogeneity between 
studies. Only included studies in Asian 
countries, and language restricted to English. 
Stressed that the findings should be 
interpreted with caution. 

Table 1: Characteristics of Included Reviews 
Note.  

† These codes are used to identify references for Figure 3 and Table 2. 

* Many of these studies also included other variables related to their EMU construct; only the studies that described the EMU–sleep relationship was counted. 

Acronyms: (SMD) Standard mean difference; (IGD) internet gaming disorder; (PSU) problematic smartphone use; (DSM-5) diagnostic and statistical manual of 

mental disorders, fifth edition (APA, 2013); (DSM-IV-TR) diagnostic and statistical manual of mental disorders, fourth edition, text revision (APA, 2000); (OR) 

odds ratio; square brackets ([a, b]) refer to 95% confidence intervals reported in meta analyses.  

EMU measures: (AICA-S) assessment of internet and computer game addiction scale; (AIE-Q) addictive intensity evaluation questionnaire; (BFAS) Bergen 

Facebook addiction scale; (CESR) questionnaire of experiences related to videogames; (CGA) computer game addiction scale; (CIAS) Chen internet addiction 

scale; (COS) cell-phone over-use scale; (CSAI) Chen smartphone addiction inventory; (DAS) DSM-IV substance dependence adapted scale; (GADS) Goldberg 

internet addiction disorder scale; (GAS) gaming addiction scale; (GAS(A)) Persian gaming addiction scale; (GASA) gaming addiction scale for adolescents; 

(GASA-SF) game addiction scale for adolescents–short form; (GAS-SF) game addiction scale–short form; (IGAS) internet game addiction scale for Korean 
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adolescents; (IGD-20) internet gaming disorder test; (IGDQ) internet gaming disorder questionnaire; (IGDS) internet gaming disorder scale; (IGDS9-SF) internet 

gaming disorder scale – short form; (IGDT-10) ten-item internet gaming disorder test; (IOS) internet overuse scale; (KFN-CSAS-II) German video game 

dependency scale; (K-SAS) Korean smartphone addiction proneness scale; (MPAI) mobile phone addiction inventory; (MPATS) mobile phone addiction 

tendency scale; (MPPUS) mobile phone problem use scale; (MPPUS-10) short version of the mobile phone problem use scale; (MTUAS) media technology usage 

and attitudes scale; (OGASA) online game addiction scale for adolescents; (OSNA) online social networking addiction scale; (OVGA) videogame addiction scale; 

(PCPU-Q) problematic cellular phone use questionnaire; (PTU) the pathological technology use checklist; (PUMP) problematic use of mobile phone scale; 

(PVGUS) pathological video game use scale; (SAPS) smartphone addiction proneness scale; (SAS) smartphone addiction scale; (SAS-SV ) smartphone addiction 

scale - short version; (s-IAT) short form internet addiction test; (SPAI) smartphone addiction inventory; (SPAI-BR) Brazilian version of the smartphone addiction 

inventory; (SQAPMPU) self-rating questionnaire for adolescent problematic mobile phone use; (VGDS) video game dependency scale; (YDQ) Young’s 8-item 

diagnostic questionnaire; (YIAT ) Young’s internet addiction test; (YIAT-SF) Young’s internet addiction test – short form. 

Sleep measures: (AIS) Athens insomnia scale; (BIS) Bergen insomnia scale; (CASC) child and adolescent sleep checklist; (CSHQ) children's sleep habits 

questionnaire; (CSM) composite scale of morningness; (ESS) Epworth sleepiness scale; (FAS) fatigue assessment scale; (GHQ) general health questionnaire; 

(GSAQ) global sleep assessment questionnaire; (ISI) insomnia severity index; (KSQ) Karolinska sleep questionnaire; (MOS-SS) medical outcomes study sleep 

scale; (PDSS) paediatric daytime sleepiness scale; (PSQI) Pittsburgh sleep quality index; (SAMQ) sleep activity and media questionnaire; (SHQ) sleep habit 

questionnaire; (SSHS) school sleep habits survey. 
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Figure 3 

Categorising Overlap of Studies and Reviews of EMU and Sleep Health 

Note. Pink nodes represent review studies. Blue nodes represent primary studies that 

were drawn on in reviews. Node size is proportional to number of links. See Appendix 

B for a full map of study overlap along with primary study references. See Table 1 

(above) for reviews reference “R” codes.  
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Synthesis of Results 

EMU construct definitions and sleep health dimensions were extracted from 

included reviews and charted in a table of intersect (Table 2). If reviews also 

discussed clearly delineated aspects of EMU and sleep health in their results, 

evidenced by at least two studies, regardless of specific definitions being present, 

these were also presented in the table. For example, Brautsch et al. (2023) described 

that most consistent evidence they found was for reduced sleep duration when using 

some types of media at nighttime specifically. Although timing of media use was not 

operationally defined in their study, an entry for Brautsch et al., (2023) was included 

in the table in the intersect of sleep duration and EMU context. Studies on 

problematic use and addiction variables for EMU–related topics were aligned with 

the user aspect as measurement of addiction and problematic use focussed on user 

attributes rather than measuring use per se. Within sleep health dimensions, 

insomnia scales were often drawn on in the reviews interchangeably with subjective 

sleep quality measures. If reviews discussed EMU and insomnia using global scores 

of measures like the insomnia severity index and Athens insomnia scale, these were 

intersected through satisfaction, as subjective satisfaction with numerous sleep 

health dimensions is the unifying sleep health aspect for these scales (Buysse, 2014; 

Shahid et al., 2012). If sleep duration and efficiency were explicitly discussed 

separately, then they were also intersected with their respective dimensions. If 

Pittsburgh Sleep Quality Index (PSQI Buysse et al., 1989) global scores were reported, 

this was identified as satisfaction, though if PSQI subscales were independently 

reported, then they were each identified with their respective sleep health 

dimensions. 
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Table 2 

Intersecting Reviews by Sleep Health and the Five-Lens EMU Frameworks 

Sleep Health Dimensions 

EMU Lens Satisfaction Duration Timing Efficiency Alertness Breathing Regularity Disorder 

Context R03, R15 R03 R03, R10 R03 

User 

R01, R03, 
R05, R06, 
R08, R09, 
R14, R16, 
R17, R18 

R01, R06, 
R16 

R10 R06 

Content 
R10 

Software 

R02, R03, 
R04, R05, 

R15 
R03, R04 R10 

Hardware 
R03, R15 R03 R03 R03 R03 

Table 2: Intersecting Buysse’s (2014) Sleep Health and the Five-Lens EMU Frameworks 
Note. This table utilises codes for each reviewed study that are listed in Table 1. Four 

reviews were excluded from this table. Three (Mihara & Higuchi, 2017; Kuss et al., 

2021; & Männikkö et al., 2020) discussed sleep problems without further delineation. 

One (Ramjan et al., 2021) discussed sleep quality related to smartphones in two 

studies, one of which used the cell phone overuse scale (user lens); the methodology 

of the other was not reported, thus the EMU intersect was unclear. Only one study 

(Garmy & Ward, 2018) found in one review (Brautsch et al., 2023) assessed variability 

in wakeup times associated with night time texting. Sleep health dimensions of 

regularity, breathing, and other sleep disorders are clear areas for further research or 

review. See Appendix C for description of decisions in this table’s creation. Colours 

within the table show a heat map relating to number of reviews in each intersection. 



U M B R E L L A  S C O P I N G  R E V I E W  

65 

Summarising Evidence 

In meta-analyses, relationships between EMU and sleep health constructs 

were assessed through pooled odds ratios, correlations, or Hedge’s g. Overall, small to 

medium effect sizes were found between addiction and problematic use constructs 

(user lens) and sleep quality, sleep duration, and alertness dimensions of sleep 

health. The one meta-analysis that was not on addiction variables was Chan et al. 

(2022), who based their meta-analysis on reported time spent playing video games 

(software lens) and found no significant correlation between video gaming quantity 

and sleep quality.  

Small to medium pooled effect sizes were reported in studies that investigated 

the relationship between poor sleep quality and EMU-related variables: problematic 

smartphone use (pooled odds ratio [OR] = 2.19, 95% confidence interval [CI]: [1.79, 

2.67]; Yang et al., 2020), mobile phone addiction (r = 0.28, 95% CI [0.22–0.33], P < 

0.001; Li et al., 2020)  problematic gaming (OR = 2.02, 95% CI [1.47, 2.78]; Kristensen et 

al., 2021). Similar odds were summarised for reporting general sleep problems in 

cases of internet addiction (OR = 2.2; Alimoradi et al. 2019), and problematic gaming 

(OR = 2.60, 95% CI [1.94, 3.47]; Kristensen et al. 2021). The only study that meta-

analysed quantity of EMU, rather than addiction or problematic use symptoms in 

relation to sleep quality was Chan et al (2022) who reported small and nonsignificant 

correlation between quantity of video gaming and sleep quality (r = 0.13, 95 % CI 

[0.05, 0.32], p = 0.149). Kristensen et al. (2021) noted a small correlation between 

problematic gaming and sleep duration (g = −0.238, 95% CI [−0.364, −0.112]), where 

the standard mean difference of total sleep time in those identified as problematic 

gamers was 20.79 minutes (95%, CI = [27.31, 14.30, min.]) shorter than those not 
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identified as problematic gamers. Alimoradi et al. (2019) also reported a standard 

mean difference in sleep duration where people who were identified as having an 

internet addiction slept on average approximately 14.4 minutes less than those that 

were not. While these may appear minimal, they may also represent meaningful 

differences if they represent a pattern of accumulating chronic sleep deprivation. 

Kristensen et al. (2021) reported a small increased odds (OR = 1.57, 95% CI [1.00, 2.47]) 

of reporting daytime sleepiness for cases identified with problematic gaming. 

Conceptual Issues 

Thirteen of the 17 quantitative studies (Alimoradi et al., 2019; Alonzo et al., 

2021; Brautsch et al., 2023; C. Kemp et al., 2021; Kristensen et al., 2021; Kuss et al., 

2021; Li et al., 2020; Mac Cárthaigh et al., 2020; Männikkö et al., 2020; Mihara & 

Higuchi, 2017; Ratan et al., 2021; Sánchez-Fernández et al., 2023; Yang et al., 2020) 

cautioned against inferring causality based on correlational data alone. Interestingly, 

three of these 13 studies that cautioned against inferring causality (C. Kemp et al., 

2021; Kristensen et al., 2021; Ratan et al., 2021) concurrently made causal inferences 

in their reporting. For example, Kemp et al. (2021) reported on a correlational study 

that showed “high intensity of video game playing was associated with a greater risk 

of having low sleep quality (OR: 0.969, 95% CI: 0.946–0.993, p = 0.01)” (Kemp et al., 

2021, p. 7). In their discussion, this same primary study (Altintas et al., 2019) was cited 

after the following claim: “gaming intensity is complementary to gaming duration in 

its deleterious effect on sleep” (Kemp et al., 2021, p. 11).  Three studies implied 

causality from correlational data without noting caution in causal inference (Chan et 

al., 2022; Ramjan et al., 2021; Sadagheyani & Tatari, 2021). One study (Zhong et al., 

2022) neither inferred causality nor cautioned against it. 
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Among introduction and discussion passages, nine reviews discussed possible 

causal mechanisms that could be responsible for the sleep EMU relationship. 

However, these discussions neither formed nor guided the structure of any study’s 

results. All mechanisms that were discussed pertained to potential causal direction 

from EMU negatively impacting sleep health (Alonzo et al., 2021; Brautsch et al., 

2023; C. Kemp et al., 2021; Kristensen et al., 2021; Li et al., 2020; Mac Cárthaigh et al., 

2020; MacKenzie et al., 2022; Ratan et al., 2021; Zhong et al., 2022). While six articles 

acknowledged the possibility of EMU being caused by sleep difficulties or the 

relationship being bidirectional, mechanisms of this causal direction were neither 

elaborated nor specified (Alimoradi et al., 2019; Brautsch et al., 2023; Kuss et al., 2021; 

Li et al., 2020; Mihara & Higuchi, 2017; Yang et al., 2020). None of the included 

reviews speculated on a possible maintenance cycle involved in the EMU–sleep 

health relationship. 

Thirteen reviews were explicit in describing significant conceptual and 

methodological limitations, urging caution in the interpretation of their results 

(Alonzo et al., 2021; Brautsch et al., 2023; C. Kemp et al., 2021; Kristensen et al., 2021; 

Li et al., 2020; Mac Cárthaigh et al., 2020; MacKenzie et al., 2022; Männikkö et al., 

2020; Mihara & Higuchi, 2017; Ratan et al., 2021; Sánchez-Fernández et al., 2023; Yang 

et al., 2020; Zhong et al., 2022). The five reviews that did not make the tentative 

nature of their conclusions clear (Alimoradi et al., 2019; Chan et al., 2022; Kuss et al., 

2021; Ramjan et al., 2021; Sadagheyani & Tatari, 2021) did not demonstrate any 

obvious methodological or conceptual advantages. 



C H A P T E R  2  

68 

Ten reviews included studies that based their results on self-report EMU 

variables that contain explicit reference to sleep problems (Alimoradi et al., 2019; 

Alonzo et al., 2021; C. Kemp et al., 2021; Kuss et al., 2021; Li et al., 2020; Mac Cárthaigh 

et al., 2020; Ratan et al., 2021; Sánchez-Fernández et al., 2023; Yang et al., 2020; Zhong 

et al., 2022). Some examples of scales that contain sleep items within their 

assessments of EMU include the commonly used Young internet addiction test 

(YIAT; Young, 1998), the game addiction scale (GAS; Lemmens et al., 2009), the 

mobile phone problem use scale (MPPUS; Bianchi & Phillips, 2005), the smartphone 

addiction inventory (SPAI; Lin et al., 2014), the smartphone addiction scale (SAS; 

Kwon et al., 2013), and the problematic use of mobile phone scale (PUMP; Merlo et al., 

2013). Each of these scales introduce a hidden logical tautology into their assessment 

of the EMU–sleep health relationship, an issue that was not noted in any of the 

reviews. 

Discussion 

This umbrella scoping review aimed to summarise and synthesize a broad 

understanding of the EMU–sleep health relationship, focussing on reviews that 

considered adults, and from which EMU definitions could be gathered. Eighteen 

reviews were included. These were mapped by charting the overlap of primary 

studies and the research field was synthesised according to facets of sleep health and 

a novel five-lens framework for understanding EMU. The preponderance of the 

reviews researched the intersection between addiction symptoms (user lens) and 

sleep satisfaction. Reviews rarely discussed EMU content and sleep efficiency. Most 

of the reviewed data in this field was correlational. Despite causal statements being 

common and conceptually sensible, no evidence of a causal effect was found in these 
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reviews. Many reviewers noted conceptual issues in the primary research, limitations 

of their reviews and advised caution in their interpretation.  

EMU and sleep health constructs were studied through diverse viewpoints 

that appeared to elude consistent definition across reviews. The difficulty with 

forming coherent, simple, and cross-applicable understandings of the relationship 

between EMU and sleep health may explain inconsistency in popular presleep EMU 

recommendations. Clear, consistent, cross-applicable, and evidence-based 

recommendations for managing EMU to support sleep health requires an increase in 

clarity of concepts and methodologies in this research field. 

S. S. Stevens (1935) discussed the need to constantly update and test construct 

validity and operational utility “if we are to be rid of the hazy ambiguities which 

result in ceaseless argument and dissension.” (S. S. Stevens, 1935, p. 517). Hazy 

ambiguities were frequent in many of the above articles. For instance, the YIAT 

(Young, 1998) was a common measure that was variously used to provide evidence 

for internet addiction (Alimoradi et al., 2019; Kuss et al., 2021), problematic internet 

use (Sánchez-Fernández et al., 2023), social media use (Alonzo et al., 2021), habitual 

video gaming (C. Kemp et al., 2021), and problematic gaming behaviour (Männikkö et 

al., 2020). Many EMU concept names, such as problematic internet use and 

problematic smartphone use, on the surface, given the verb “use” in their construct, 

appear to be referring to behavioural determinants, that is actions and activities that 

influence the person or environment (Bandura, 1986). However, their respective 

scales refer to personal determinants (Bandura, 1986), or in the EMU framework, user 

variables, that is the presence of symptoms of addiction in a person’s life.  
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The inclusion criteria for the current umbrella scoping review required studies 

to define their EMU concepts of interest. While definitions were present in each 

review, they were rarely operational and sometimes inconsistently applied. For 

example, Alonzo et al. (2021) defined social media “as Internet[sic]-based 

applications that facilitate exchange and exploration of user-generated content” (p. 

1). In their discussion they stated: “excessive internet use and mobile phone use were 

the most commonly examined forms of social media” (p.6). The subsummation of 

these undefined constructs made of verb phrases (excessive internet use, or mobile 

phone use) within constructs represented by a noun phrase (social media) indicate a 

hazy ambiguity that requires resolution. Finding consistent operational definitions 

for EMU constructs is difficult. For example, two studies, (C. Kemp et al., 2021; 

Kristensen et al., 2021) on gaming-associated variables used the word game within 

their game-related construct definitions. Concepts like games are notoriously 

difficult to define in a way that encompasses all common aspects. Wittgenstein 

(1953/1986) discussed the conundrum of trying to form an accurate definition of a 

fuzzy concept with reference specifically to the difficulty to define the concept of a 

game: There is not one quality that is universal across all games; they consist of 

groups of overlapping traits, not common to all, but interlinked family resemblances 

(Wittgenstein, 1953/1986, Sections 66–77). To understand better the relationship 

between EMU and sleep health, these resemblances and attributes require more 

thorough and focussed research to resolve ambiguity.  
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The resolution of these nebulous constructs requires ongoing effort. S. S. 

Stevens (1935) suggested: 

The ultimate success of such efforts depends upon the diligence with which 

the concepts are kept under observation so that they may be constantly 

revised to accord with new discoveries or to adjust to new demands of 

simplicity and utility. No concept can be defined once and for all: every 

concept of science requires constant purging to keep it operationally healthy. 

(p. 527) 

The current umbrella scoping review aimed to build on this effort by delineating 

EMU constructs into a new framework for more clearly understanding the categories 

of EMU under investigation. In order to develop consistent statements about how 

EMU impacts sleep health, sharper delineation of EMU constructs are necessary. By 

delineating hardware, software, content, context, and user variables of EMU from 

each other, and clearly describing which aspects are the objects of reference, future 

research may be more accurately and easily synthesised, and understood within a 

consistent categorical framework. 

In applying the five-lens framework for understanding EMU along with the 

latest (Vorster et al., 2024) delineation of sleep health dimensions, a majority, 10 of 

the included reviews provided evidence on the relationship between user variables 

associated with EMU, and the subjective satisfaction dimension of sleep health. One 

possible reason for this is the methodological ease for gathering mass subjective data 

from survey studies. Measures of EMU-related addiction capture symptoms that, 

while subjectively associated with EMU, are not necessarily due to the effect of EMU. 
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Addiction symptoms are often attributed to countless other ætiologies which 

researchers in addictions spaces work to conceptualise (e.g., Maté, 2018). An early 

conceptualisation of internet addiction stressed the many related personal and 

circumstantial influences associated with addictions (Young, 1998) . When discussing 

EMU-related addictions, the relationship with sleep health could be influenced 

through other addiction-related variables, with EMU perhaps being spurious. While 

addictions may manifest in usage, EMU related addiction measures rarely assess 

actual use. 

Many EMU-related addiction scales also included sleep constructs in their 

items (e.g., Young, 1998). A recent network analysis found that the strongest link 

between an EMU-related addiction scale, the YIAT and the PSQI was between the 

subjective sleep quality item in the PSQI sleep health item in the YIAT (Lu et al., 

2023). Many studies included in the above reviews drew conclusions based on 

correlations between these two scales. When sleep satisfaction items are nested 

within EMU addiction scales, correlations between EMU addiction scales and sleep 

satisfaction scales might simply be measuring overlapping sleep satisfaction 

constructs. This conceptual overlap was not noted in any of the reviews. 

In a recent narrative review of mechanisms involved in the EMU–sleep health 

relationship, Bauducco et al. (2024) noted that “correlational studies are not 

necessarily adding to our knowledge going forward” (Bauducco et al., 2024, p. 8). In 

the current umbrella scoping review no effect size was found to indicate that any 

other EMU construct domain, other than addiction symptoms correlated with sleep 

health. While that there certainly have been tremendous volumes of correlational 
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data, and no reviews found that could determine causality, from intersecting studies 

between the sleep health and EMU frameworks, many areas of potential correlational 

research remained undocumented. Table 2 showed a lack of reviews of sleep 

efficiency when relating to EMU context, user, content, and software, as well as 

reviews of alertness relating to software, and reviews of EMU content’s relation to 

sleep satisfaction, duration, efficiency, and alertness. Research investigating the 

recently included breathing, regularity, and specific sleep disorders dimensions 

(Vorster et al., 2024) were also not synthesised in the included reviews. More work 

could be done to form understandings on the relationships between the content of 

EMU and sleep health as well as how sleep efficiency relates to various aspects of 

EMU, and how software aspects relate to alertness. We may still achieve new insights 

in these domains through correlational studies and downstream reviews. Their 

interpretation should be cautious in inferring causality, though they may give 

further insight into mechanisms for experimental studies which the current set of 

review literature consistently noted was lacking in the field. 

Limitations of the Current Review 

This review only included reviews that included adults aged over 18 years in 

their criteria. However, some of these included studies still gathered information 

from adolescent populations, which may have influenced conclusions (e.g., 

MacKenzie et al., 2022). The selection of studies, data extraction, analysis, charting, 

and mapping was all completed by one person, thereby increasing the chance that 

potentially eligible studies were missed, and bias may have been introduced into the 

judgemental tasks of mapping and categorising the literature. Mitigation of this was 

attempted by having a relatively relaxed inclusion criteria initially, checking all 
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possibly included studies with co-authors, and running tough decisions past co-

authors to discuss and find consensus. The five-lens framework for understanding 

EMU was applied to delineate the viewpoints that different reviews took in their 

conceptual understandings. As understanding of EMU develops, the five-lens 

framework is likely to require further development and refinement. In this umbrella 

scoping review, the five-lens framework proved useful for identifying research 

oversampling and niches in the EMU–sleep health relationship that either still 

require review or that require further primary research. More reviews on primary 

studies will be required to investigate whether it is the primary research that is 

lacking. We anticipate the frameworks utility for quickly identifying what exactly 

researchers are investigating when discussing EMU. However, given the framework’s 

categorical spin, researchers may also disagree on the specific lens through which 

their EMU-related construct is seen. We anticipate utility of the framework also for 

diagnosing and clarifying these possible dissensions. 

Conclusions 

The EMU–sleep health relationship research field in adults appears mostly 

focussed on addiction symptoms and subjective sleep quality, with most EMU-

related variables delineated through arbitrary definitions that lack foundational 

delineation. These constructs are colloquially meaningful, and the measurement of 

them methodologically and statistically convenient. However, if we are to debate 

over the impact of these EMU concepts like “social media”, “smartphone”, and 

“internet”, while they develop, change, and blur at an ever-increasing pace, our 

understanding of them will be continually outpaced by developments in the area that 

we seek to conceptualise (Exelmans & Van den Bulck, 2016, 2019). It is anticipated 
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that application of this five-lens EMU framework will resolve inconsistencies in 

construct definitions and lead to an increase in the conceptual health of this research 

field. 

Practice Points 

1. When investigating correlations between sleep health and electronic

media use, use metrics for assessing electronic media use that are not 

explicitly confounded with sleep health items. 

2. Delineate electronic media use constructs by user, context, hardware,

software, and content categories for more consistent narratives of 

electronic media use. 

3. When publishing recommendations for EMU to support sleep health, where 

possible, reference empirical literature to support these recommendations. 

Research Agenda 

1. The relationship between addiction symptoms and subjective sleep quality

has been oversampled. Further investigation and review of other aspects of 

electronic media use particularly software, hardware, and content and 

intersects with other sleep health dimensions such as timing, alertness, 

variability, efficiency, breathing, and disordered sleep is required. 

2. Causal mechanisms through which EMU and sleep health may interact

require further study. This requires development and application of 

relevant theories to frame understanding, and reviews of experimental 

studies to support the development of empirically-based 

recommendations for those who experience EMU–sleep health difficulties. 
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3. Most of the reviewed research is correlational. Further experimental

studies are required on how modification of EMU might support sleep 

health. 

Sources of Funding 

Six of the reviews reviewed in the current umbrella scoping review reported 

specific sources of funding in their publications. These sources of funding as 

reported by respective authors were: Scholarships from the University of Cape Town 

and South African National Research Foundation (UID: 128282; Kemp et al., 2021); 

Norwegian Competence Center for Gambling and Gaming Research (Kristensen et al., 

2021); European Parliament: Scientific Foresight Unit (STOA), Directorate for impact 

assessment and European added value, grant number SQM 02Y066 

(EPRS/STOA/SER/17/226N; ED number 03210-01-00/5218/107321; Kuss et al., 2021); 

National Agency for Strategic Research in Medical Education, Tehran, Iran (Grant 

No. 972544; Sadagheyani & Tatari, 2021); PIF program: University of Seville (“VI Plan 

Propio de Investigaci´on y Transferencia de la Universidad de Sevilla”, VI-PPITUS; 

Sánchez-Fernández et al., 2023); and National Natural Science Foundation of China 

(NO: 81873806;  Yang et al., 2020). 
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Chapter 3 

Investigating Interrelated Influences: A Potential Maintenance Cycle of 

Electronic Media Use, Sleep Health Difficulty, and Fatigue  

This chapter outlines a maintenance model of the relationships between EMU, 

sleep health difficulty, and fatigue. It begins by distilling complex influences of EMU 

on sleep health into intertwining time displacement and arousal mechanisms. The 

impact of sleep health difficulty on fatigue propensity is also discussed, and fatigue’s 

role as a motivation controller is described along with motivation principles that 

frame a regulatory draw towards EMU. This narrative review of empirical and 

theoretical literature culminates in the description of a causal maintenance model of 

EMU, sleep health difficulty, and fatigue that links the three variables of interest in 

this thesis. 

Importantly, this chapter merely represents a perspective afforded by the 

culmination of my own investigation into this literature and therefore is “the initial 

stage, the act of conceiving or inventing a theory” (Popper, 1968, p. 7). While many of 

the ideas integrated into this chapter formed a conceptual base for the intervention 

introduced in Chapter 4, and tested in Chapter 5, the test of the intervention makes 

no claim to potentially falsify the maintenance model presented here, only to test the 

usefulness and efficacy of the intervention itself. Testing the practical implications 

of the links of this new maintenance model will require further investigation beyond 

the scope of this thesis, as such, this chapter concludes with mention of some areas 

for further research. 
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How EMU Could Lead to Sleep Health Difficulty 

There are many frames through which the relationship between EMU and 

sleep health can be seen (see Bauducco et al., 2024; Cain & Gradisar, 2010; Exelmans, 

2020; Hale & Guan, 2015; LeBourgeois et al., 2017 for overviews). Below, I attempt to 

distil the causal impact of EMU on sleep health into two primary and intertwining 

mechanisms: time displacement, and arousal. These mechanisms are difficult to 

disentangle from each other, and also difficult to delineate from the influence of 

other environmental, personal, and behavioural determinants, as such, this chapter 

has developed a certain unavoidable complexity and non-linearity that echoes the 

likely complexity of these interwoven causal influences. This section begins with an 

investigation into time displacement, delineating EMU’s facilitation of displacement 

of biological time: EMU’s influence on the circadian timekeeping system via light 

exposure; and displacement of behavioural time: the fundamental idea that spending 

time on one activity displaces time available for others. Social and environmental 

influences on time displacement are also discussed as EMU’s may facilitates social 

contact within and across other time contexts that can influence both behavioural 

and biological time displacement. Following an investigation into these time 

displacement mechanisms, studies on EMU’s influence on arousal and subsequent 

impacts on sleep health are reviewed, and a compromise is described between EMU 

facilitated arousal and psychological detachment.  

Time Displacement 

Biological and behavioural time displacement mechanisms are closely 

intertwined with each other and confounding to tease apart (Czeisler, 1995). The 

impact of social influence on time use decisions contributes to their interweaving (cf. 
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Khalsa et al., 2003; Wever, 1979). Time displacement can occur independently from 

EMU, though may also be facilitated by electronic media. Furthermore, isolating the 

independent functioning of these mechanisms to EMU is particularly difficult as this 

involves controlling for other social, behavioural, and environmental influences that 

users may experience. EMU provides many opportunities for individuals to control 

and assimilate light exposure, while experiencing social and parasocial content, and 

spending time doing so. The relationships between these time displacement 

mechanisms are complex. In this section I attempt to unpick some of their 

complexity as a key mechanism through which EMU may lead to difficulties with 

sleep health. 

Biological Time Displacement. The circadian timekeeping system in humans 

is primarily conducted by cells in the SCN (Lydic et al., 1980). A key mechanism of 

biological timekeeping is the oscillation of clock gene transcriptions and translations 

whose resulting protein complexes repress their own transcription factors, leading to 

upregulation and downregulation of clock and clock-controlled gene expression over 

the course of the endogenous circadian day and night (Hastings et al., 2018). These 

oscillations occur in all cells throughout the body, though the ones in the SCN 

primarily synchronise the rest through hormonal secretions and neuronal activity, 

the key control mechanisms of the biological clock (Grosjean et al., 2023; Hastings et 

al., 2018; Roenneberg et al., 2019). Peripheral clocks throughout the body provide 

local mediation of this system which ultimately influences all daily patterns of 

human biology from temperature and metabolism, to potentiating wakefulness and 

sleep (Grosjean et al., 2023; e.g., Hastings et al., 2018; Smies et al., 2022). This 

biological clock is endogenous, with the innate cycle length typically extending 
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slightly beyond the 24-hour period of day and night, though for some, this free 

running period may be shorter than 24 hours (Gander, 2023; Roenneberg et al., 2019). 

The biological clock promotes wakefulness during the biological day and sleep 

during the biological night (Czeisler, 1995; Exelmans & Van den Bulck, 2019; 

Roenneberg & Foster, 1997). When sleep and wake behaviour is synchronised to 

biological time, sleep health is enhanced; when behaviour is desynchronised from 

biological time, this can lead to difficulties with sleep health and wake functioning 

(Matheson et al., 2014; Vlasak et al., 2022). 

The biological clock can be shifted depending on the system’s exposure to 

light (Czeisler, 1995, Roenneberg & Foster, 1997). Light synchronises the biological 

timekeeping system by being detected through ganglion cells in the retina that 

express melanopsin; photosensitive proteins that initiate signals to the SCN through 

the retinohypothalamic tract (Berson et al., 2002; Grosjean et al., 2023). These light 

signals result in increases to the firing rates of SCN neurons which lead to a biological 

time displacement with effects depending on when the signals occur (Gander, 2023). 

Biological time shifts later if light exposure occurs between dusk and the body’s 

temperature minimum in the very early morning, and earlier if light exposure occurs 

between the temperature minimum and dawn (Gander, 2023; Khalsa et al., 2003; 

McGlashan et al., 2018; Rea et al., 2012). If local sun time is somehow desynchronised 

from biological time, then light cues, zeitgebers from the sun typically resynchronise 

the biological clock to keep it in tempo (Roenneberg et al., 2019). However, light from 

the sun are not the only kind of light that synchronises the biological clock. Artificial 

ambient light, and light from EMU can also influence this photic entrainment, or 

biological time displacement mechanism. 
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Biological time displacement effects depend on many complex mechanisms 

and individual differences (Chellappa, 2021; Grosjean et al., 2023). The duration of  

light exposure, and light’s brightness and its wavelength are crucial dimensions of 

this environmental determinant (A. Chang et al., 2012; Khalsa et al., 2003). Photic 

entrainment of the circadian timekeeping system in humans is particularly sensitive 

to short, blue-cyan-green light wavelengths, peaking in sensitivity between around 

470–510 nm (Rea et al., 2012). EMU hardware, particularly screens, typically emit this 

wavelength of light (Gringras et al., 2015). Bright artificial light of around 9000 lux 

can induce biological time displacement that exceeds its length of exposure, though 

with the amplification of effect decreasing in potency as exposure time lengthens: 

When presented close to peak time for biological time displacement for 15 seconds, 

this bright light can lead to around a 35 minute biological phase delay (Rahman et al., 

2017); 12 minutes of exposure to this light at this time can lead to biological time 

displacement of around one hour, and the temporal amplification drops to around 

two hours and 40 minutes of biological time displacement for a four hour bright light 

exposure (A. Chang et al., 2012). Lower light intensities also impact the system. 

Phillips et al. (2019) found that when exposed to dimmer light of varying brightness 

for five hours in the evening, this can lead to biological time displacement of 

approximately 22 minutes for 10 lux, 77 minutes for 30 lux, and 109 minutes for 50 

lux, though noted that these responses are highly variable between individuals 

(Phillips et al., 2019; see also Chellappa, 2021). To put these brightness levels in 

perspective, outdoor daytime light is frequently over 10,000 lux (e.g., Stothard et al., 

2017); recommended indoor lighting levels range from 100 lux for ambient lighting, 

300 lux in bathrooms, and 500–800 lux for reading physical media (Adams, 2019); 
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and a first-generation iPad set to full brightness and held 25cm away from the eyes 

delivers approximately 40 lux to the cornea (Wood et al., 2013). Light from artificial 

sources, including EMU can therefore lead to biological time displacement, 

potentially desynchronising our biology from the local day-night cycle. 

The biological time displacement that EMU may induce, is very difficult to 

isolate from the influences of ambient light and other sources of behavioural and 

social influence. Green et al. (2017), however, provided experimental evidence of the 

impact of blue light from EMU alone on indications of displaced biological time. 

Green et al. conducted a crossover study comparing the impact of EMU light 

exposure across nights when participants engaged in text-based EMU tasks from 

2100h to 2300h while isolated to a dark room and sleeping soon after. Green et al. 

found that, if only blue LEDs were active on computer screens, normal melatonin 

and temperature changes—measures used to infer the biological clock’s functioning 

overnight—were relatively suppressed when compared to when only red LEDs 

illuminated the EMU tasks. While tightly controlling context and behaviour, a 

biological time displacement from EMU can be directly assessed, though, as Green et 

al.’s experiment showed, the biological time displacement effect depended primarily 

on the wavelength of light emitted by EMU. EMU software can modify light emissions 

from EMU to mitigate this effect while keeping other environmental variables 

relatively constant (f.lux Software LLC, 2008; Gringras et al., 2015; Warren, 2016). 

Behavioural Influences on Biological Time Displacement. The experiment 

mentioned above by Green et al. (2017) also made the amount of time participants 

spent using electronic media prior to bed consistent between their experimental 
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conditions. This control was in order to isolate a biological time displacement effect 

that depended on the wavelength of light emitted by electronic media screens. While 

these tight controls are useful for verifying that EMU can have a direct effect on the 

circadian timekeeping system (cf. Mook, 1983), outside of the laboratory, other 

variables may lead to other forms of time displacement, interacting with, or 

independently from the influence of light on the central circadian timekeeper.   

The interactions between behaviour and biological time displacement are 

complex. Non-photic social and behavioural synchronisation of biological clocks was 

initially thought of as the primary mechanism through which the human circadian 

timekeeping system entrained to the environment (Wever, 1979), while the photic 

entrainment system is now relatively well understood, how social and behavioural 

influences impact circadian biology is less clear (cf. Czeisler, 1995; Honma et al., 

2003, 1995; Khalsa et al., 2003) and is an outstanding question for chronobiology 

(Chawla et al., 2024). Within current understandings, behavioural and social time 

displacement is generally thought of as entraining the biological clock through 

associated light exposure, or leading to a desynchrony, or displacement between 

biological, social, and sun clocks (e.g., Roenneberg et al., 2019). 

Many of the behaviours that people engage in while doing EMU are not under 

the strict controls like the study by Green et al. (2017). In naturalistic settings, adults 

generally regulate their own EMU timing. In investigating the impact of self-

regulated EMU on biological time displacement, Chinoy et al. (2018) compared sleep 

timing and melatonin rhythms of participants between nights where they read 

printed materials and nights where they used a tablet computer before bed. Chinoy et 
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al. found that, overall, when participants were in the unrestricted-tablet-use 

condition, their self-selected bedtimes, and their sleep onset were around half an 

hour later, and biological time displacement as measured through blood serum 

melatonin assays was on average just under an hour later than in the printed material 

reading condition. Chinoy et al. emphasised the close interactivity between EMU 

facilitated behavioural time displacement, and biological time displacement. If 

people stay up later on EMU, they may be exposed to more light and displace their 

biological time. However it is worth noting that in the study by Chinoy et al. (2018), 

when reading printed materials, participants were exposed to only very dim lighting 

conditions, averaging at 0.7 lux; far below recommended brightness for reading 

printed materials (cf. Adams, 2019; Chinoy et al., 2018), whereas in the tablet 

conditions illuminance was closer to 40 lux; so the impact of some behavioural time 

displacement mechanisms on biological timing may still, for example, permeate into 

reading printed material under brighter lighting prior to sleep, or other activities that 

people may engage in using artificial light. 

Behavioural Time Displacement. A simple behavioural time displacement 

mechanism that EMU can facilitate centres on the topic of procrastination, in 

particular, procrastination of sleep. When first introduced, bedtime procrastination 

was defined independently from EMU as “failing to go to bed at the intended time, 

while no external circumstances prevent a person from doing so” (Kroese et al., 2014, 

p. 1). Since then, this concept has expanded to sleep procrastination, including both 

procrastination of going to bed, and while-in-bed procrastination of going to sleep, in 

favour of other evening activities, each possibly facilitated by EMU (Exelmans & Van 

den Bulck, 2017a; Liu et al., 2020; Magalhães et al., 2020). This behavioural time 
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displacement appears tightly knit with other aspects of a user’s life. For example, 

when people have days filled with highly structured activities, or high responsibility, 

the precious opportunity that the relatively unstructured post work time provides 

can be particularly precious (L. Müller, 2023). People may be drawn to prolong this 

time, and through prolonging this time, before or while in bed, they displace time 

available for sleep (L. Müller, 2023). EMU, particularly portable and bed-compatible 

hardware can lead to periods of extended wakefulness that displaces time available 

for sleep (Exelmans & Van den Bulck, 2017a). Liu et al. (2020) described bedtime 

procrastination as a key variable through which EMU may lead to sleep health 

difficulty. Bauducco et al. (2024) described behavioural time displacement as simply 

time displacement and noted that this may lead to the greatest threat from EMU to 

sleep health. Engaging in bedtime procrastination may expose one to more artificial 

light and lead to synchronous delays in both behavioural and biological time (Chinoy 

et al., 2018). However, EMU does not always displace time available for other 

activities, nor does it always result in light exposure. For example, people may listen 

to music while engaging in other activities (Hesmondhalgh et al., 2023), and people 

may also use electronic media while trying to go to sleep (e.g., Exelmans & Van den 

Bulck, 2016; Wang et al., 2021). Social influences may be a key environmental 

determinant of the kinds of EMU one engages in, likely influencing both behavioural 

and biological systems in their complex interaction. 

Social Influences on Time Displacement.  EMU may be a facilitator of social 

contact, which can strongly influence behaviour (Bandura, 1986). EMU may also be a 

facilitator of parasocial experience, that is, one-directional interactions that seem 

social to the user (Forster, 2023). Time displacement may be encouraged by social 
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commitments from local peers accessed through EMU (e.g., MacKenzie et al., 2022; H. 

Scott et al., 2019); time displacement may also be facilitated by social and parasocial 

EMU experiences, which can occur across time zones, or even in embedded relatively 

timeless contexts where a seemingly forever awake community awaits (Seung-A, 

2010; Wienrich et al., 2021; Young, 1998). 

An early temporal isolation bunker study documented by Wever (1979) 

showed that if people have access to the ability to completely control the light that 

they are exposed to and are removed from interfering cues of the local sun time, 

biological time ran free, typically lengthening, sometimes to around 26 hours per 

day, suggesting the extremes to which the free running period of our biology and 

behavioural clocks may run. When self-adjusted lighting is possible, and when 

isolated from the local day night cycle, continual biological time displacement from 

sun time may occur freely (Czeisler, 1995). Extremes of EMU in the form of virtual 

reality may replicate these settings (Wienrich et al., 2021) and possibly lead to similar 

time displacement patterns. 

Wever (1979) also described another unique experiment of two individuals 

living together in the temporal isolation bunker where either participant could turn 

the lights on or off at will. Wever found that their rhythms entrained to each other; 

the last to go to bed turned the lights off, shifting the other’s behavioural and 

biological time later, and the first to get up turned the lights on, shifting the other’s 

behavioural and biological time earlier. This (Wever et al., 1979) study showed a neat 

example of the interaction between social and biological timekeeping; a coregulation 

of social behaviour and light exposure leading to a mutual synchrony of social and 
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biological time that ran free, continually displaced from local sun time. Most people, 

however, do not live in time isolation laboratories where this pure mutual social 

influence is possible. Instead, many are faced with a mixed light cues from artificial 

light and the sun clock, as well as social commitments on the consensus social clock 

determined by the tempo and rhythm of industrialised society (Roenneberg et al., 

2019, see also Postman, 1985).  

As humans can typically control artificial light in the evening, there is a 

tendency towards delayed biological clocks for all the but the earliest chronotypes 

(Roenneberg et al., 2003). Morning commitments, however, rarely adjust to these 

delays, rather, staying on the consensus social clock and leading to what Wittman et 

al. (2006; see also Roenneberg et al., 2019) described as the phenomenon of social 

jetlag: a pattern of shorter and earlier sleep on weekdays and longer and later sleep in 

weekends to compensate for partial sleep deprivation when morning commitments 

tend to be lacking. Roenneberg et al. (2019) describe this as uniquely facilitated by 

the combination of a lowered salience of the night–day cycle, an ability to control 

artificial lighting in local environments, and social commitments associated with the 

roughly seven-day pattern of work and rest (see also Reinberg et al., 2017). Social 

jetlag leads to significant variability in sleep timing, challenging sleep regularity, and 

is also associated with shortened sleep and desynchronised biological, social, and 

behavioural clocks that challenge the synchronicity of all the systems that contribute 

to healthy sleep (Roenneberg et al., 2019). Therefore, while EMU may not be causal to 

time displacement, EMU may facilitate time displacement, desynchronising 

behaviour from central and peripheral biological clocks, truncating sleep, and 

disorientating the harmonies of the body’s rhythms, leading to difficulties with sleep 
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health and the cognitive faculties that sleep restores (Gander, 2023; Hebl et al., 2022; 

Vlasak et al., 2022). 

Impacts of Time Displacement on Sleep Health 

When isolated from contextual influences, the causal impact of biological time 

displacement from EMU on sleep health, was found in the study by Green et al. 

(2017). After participants’ blue light nights, their sleep duration and continuity, as 

measured by polysomnography, and next day difficulties with subjective sleepiness, 

and early wake functioning measured by a response inhibition task were all 

significantly impacted. However, the practical magnitude of this impact was difficult 

to quantify. Moreover, the control for this study was also EMU, of a similar duration, 

and with similar content, only different light wavelength exposure. In addressing 

this issue, Duraccio et al. (2021) were interested in the practical effects of modifying 

light exposure from EMU on sleep. Duraccio et al. gave 167 young adult iPhone users 

actigraphy watches to measure their sleep in a field study, while instructing them to 

either use software to suppress short wavelength light on their phones, use their 

phones as normal, or not use their phones at all in the hour before bed. Duraccio et al. 

found that there were no significant differences in TST nor SE metrics measured by 

actigraphy between any of these groups. Practically, the biological time displacement 

mechanism from EMU that Green et al. were able to view in isolation, may be flooded 

out by other contextual determinants.   

Attenuating short-wavelength light emissions that impact the circadian 

timekeeping system from EMU can increase the comfort of night-time EMU 

(Zukerman, 2013). If people are able to engage in EMU more comfortably for longer 
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periods prior to sleep, then photic entrainment may still occur through other 

ambient lighting in the evening. Other time displacement mechanisms like sleep 

procrastination might exert a greater relative influence on sleep health than light 

exposure specifically from phone screens. A recent systematic review of sleep 

procrastination noted a negative association with sleep duration and a positive 

association with daytime fatigue (Hill et al., 2022). When people must wake up at a 

certain time of day, sleep delays inevitably impact TST, resulting in a chronic partial 

sleep deprivation during the week and an attempt to catch up on the weekend 

(Roenneberg et al., 2019). Chronic partial sleep deprivation can lead to limitations in 

the faculties of cognition that healthy sleep supports, moreover, the two day 

weekend typical of social jetlag may fail to bring functioning back to baseline, despite 

possible subjective readaptation (Axelsson et al., 2008; Van Dongen et al., 2003). In 

addition, the impact of sleep variability that time displacement can lead to has far 

reaching consequences, from cardiovascular and metabolic health, to alertness and 

safety (Sletten et al., 2023). 

Photic zeitgebers available from EMU are difficult to detach from those of 

other artificial photic zeitgebers, furthermore, access to social cues via EMU, or sleep 

procrastination likely lead to social jetlag (Roenneberg et al., 2019). Either way, as 

many in modern life have quick access to artificial light, from ambient lighting to 

EMU, social and behavioural time displacement may lead to strong influence on 

endogenous rhythms through consequential changes in light exposure (Czeisler, 

1995). Given their interwoven nature, biological and behavioural time displacement 

mechanisms are conjoined as a link in the model of EMU–sleep health difficulty with 

the general label of time displacement. 
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Arousal and Psychological Detachment 

The time displacement mechanism described above may be seen, in its 

essence as similar to what Przybylski (2019) likened to food time when discussing 

nutrition. Arousal and psychological detachment may be seen as simplified elements 

of the impacts of the nutrition itself. Time displacement, while interacting with 

content, does not capture the effects of the content itself on sleep. As discussed in 

Chapter 2, EMU content is rarely mentioned in reviews of the EMU–sleep health 

relationship. This may be due to the idiosyncratic nature of user’s relationship to 

content, leading to high variability of responses and likely difficulty with 

comprehensively or accurately quantifying its impacts. For example, “after watching 

a violent show with a friend, a viewer could feel fine, but the friend might be too 

hyped up to sleep.” (Medoff & Kaye, 2017, p. 546).  

Similar to the various threads through the time displacement mechanism, 

arousal, psychological detachment, and time displacement may also be closely 

intertwined and difficult to tease apart (Chinoy et al., 2018). For example, light 

emitted by electronic media can directly stimulate alertness, a kind of arousal that 

may lead to a psychological detachment from cues of sleepiness, impacting sleep 

timing by limiting people being able to receive cues about how tired they are 

(Axelsson et al., 2020; Chinoy et al., 2018; Figueiro et al., 2007; Xiao et al., 2021). When 

lighting is kept relatively controlled, however, EMU content may differentially 

impact on arousal.  

  



I N T E R R E L A T E D  I N F L U E N C E S  

91 

Arousal  

In an early study on the impacts of EMU facilitated arousal on sleep health, 

Weaver et al. (2010) studied 13 male adolescents each subject to two conditions, either 

actively playing a video game before sleep for 50 minutes or watching a tranquil 

movie for the same duration. While physiological arousal measured by heart rates did 

not significantly differ between conditions, for participants in the video-gaming 

condition, cognitive alertness was higher, subjective sleepiness before bedtime was 

lower, and sleep-onset latency (SOL) was longer: 7.5-minute median SOL after video 

gaming, versus a 3-minute median SOL after the movie. In a later study, King, 

Gradisar, et al. (2013) investigated the impact of length of time spent gaming while in 

bed and before sleep, comparing the impact of 50 minutes versus 150 minutes before 

usual bedtime of gaming with 17 male adolescents (mean age 16 years) who were 

regular gamers, all late chronotypes, and who had no preexisting sleep complaints. 

Similar to Weaver et al., King, Gradisar et al. found no significant differences in heart 

rate between conditions suggesting that the mechanism through which EMU impacts 

sleep health might be more abstract than physiological arousal. Nevertheless, in the 

longer gaming sessions, King, Gradisar et al. observed an objectively measured 

seven-percentage point decrease in SE, and around half an hour reduced TST. 

Although King, Gradisar et al.’s participants reported a significant difference in SOL, 

averaging an estimated 17 minutes longer after the extended gaming condition; this 

extended SOL, however, was not reflected in polysomnography. 

Recently, Baselgia et al. (2023) conducted a complex study that addressed the 

interaction between EMU content, arousal, and sleep. In their experiment, 50 young 

adults watched suspenseful TV series and a documentary on different nights. For half 
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the participants, the suspenseful series was unedited and ended with a cliffhanger 

where the show stopped before the action had fully resolved (cliff group). The other 

group witnessed the same series though the ending was edited to conclude at the 

resolution of action (no-cliff group). Baselgia et al. also measured heartrates and 

cortisol levels throughout the study as a measure of physiological arousal, along with 

other metrics of subjective stress, subjective sleep metrics, and polysomnography 

throughout the night. As was expected, participants generally rated subjective stress 

levels higher when they watched the suspenseful show compared with the control 

documentary. However, an interesting interaction was found. Compared with the 

control documentary night, the cliff group’s physiological arousal before sleep was 

higher when they watched the suspenseful show, though the no-cliff group showed 

lower arousal after the suspenseful show than after the documentary. Self-reported 

sleep quality, SOL, wake after sleep onset (WASO), and number of awakenings, were 

not significantly impacted. In objective sleep measures, only SOL showed a 

significant effect. Surprisingly though, across both groups, the suspenseful show was 

generally associated with shorter SOL than the documentary. Moreover, higher 

arousal metrics predicted shorter SOL on the suspenseful show night, whereas higher 

arousal predicted longer SOL on the documentary night. Although SOL was shorter, 

Baselgia et al. highlighted that after witnessing the suspenseful show with 

cliffhangers, the cliff group showed less deep slow wave sleep in polysomnography 

for their first two sleep cycles. Baselgia et al. (2023) suggested “in this case, the 

association between pre-sleep mental activity and sleep onset latency... cannot 

simply be explained by increases in pre-sleep arousal, as the exact content of the pre-

sleep mentation might be relevant.” (p. 194). Even though cliffhangers left early sleep 
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disrupted, after more arousing EMU, SOL was shorter. In contrast, after the 

documentary, higher stress predicted longer SOL. The results of this study indicated 

that EMU may facilitate arousal that interferes with sleep, however its impact on 

sleep depends on its cognitive impact. The cognitions that people have are known to 

have arousing and sleep disrupting impacts (Harvey, 2005). The more arousing 

suspenseful show was perhaps more effective at helping people detach from their 

other life stresses. This pattern suggests a delicate balance between arousal and 

psychological detachment that EMU can facilitate, which may lead to difficulties 

with sleep health. 

Psychological Detachment 

People may be drawn to engage in EMU in efforts to detach from unpleasant 

emotional experiences. In an early study of motivations behind television viewing, 

Kubey (1986) proposed that heavier television use would be associated with more 

dysphoria in time spent doing idle activities as “it is during idle time that one is most 

likely to be confronted by the self” (Kubey, 1986, p. 111). Kubey found significant 

negative correlations between time spent watching TV and four affect dimensions: 

“‘happy-sad,’ ‘cheerful-irritable,’ ‘friendly-hostile,’ and ‘sociable-lonely’ (Kubey, 

1986, p. 112) during the following identified idling activities: “staring into space, 

waiting, walking, pacing, standing, sitting, riding in a car or bus or train (not driving), 

lying in bed, trying to sleep, fantasizing, daydreaming, and thinking” (Kubey, 1986, p. 

117). The strongest correlation that was observed by Kubey between television use 

time and affect while idling was for the sociable-lonely dimension: r = -.35, p<.001, 

indicating that people who felt lonelier (amongst other negative affective 

experiences) in idle or in unstructured time, were more likely to be heavier users of 
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television. They noted that while their conclusions could not indicate causal 

direction (i.e., television may make people less tolerant of unstructured time), 

theoretical accounts at the time (Rubin, 1984; Rubin & Windahl, 1986), and Kubey’s 

social and demographic analyses of the participants strongly suggested that people 

were using television as a tool to escape.  

Television programs and commercials, after all, provide parasocial 

experiences and are constructed to keep the viewer’s attention focused on the 

TV and not on the self. The medium thus provides a much welcome and 

soothing alternative to the gaping voids of solitude and unstructured time. It 

is the fulfillment of this function that accounts, perhaps more than any other 

single factor, for the enormous and worldwide popularity of television. 

(Kubey, 1986, p. 120). 

Kubey’s (1986) study is particularly important as it captures experience in a time 

when easily portable electronic media have not yet filled these idle moments. 

Nowadays, many forms of EMU may be available on demand through portable 

connected media, allowing for detachment on demand (L. Scott, 2015). The often-

unstructured time occurring while one is in bed and waiting for sleep to come, may 

be a time where one is most focussed on the self and where worries and associated 

anxiety can permeate, leading to arousal and potentially extended SOL (e.g., Harvey, 

2005). During this time, people may be drawn to EMU as a way to combat negative 

affect and associated cognitions, with the aim of providing pre-sleep comfort 

(Exelmans & Van den Bulck, 2016). In investigating this, Exelmans and Van den Bulck 

(2016) found that those who engage in EMU as a comforting sleep aid were apparently 
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equivalent in subjective sleep duration to those who do not. However, they appear to 

report later bedtimes, later rise times, and higher trait levels of subjective fatigue and 

reduced sleep quality. This could mean either that EMU as a sleep aid is detrimental, 

or people who engage in EMU as a sleep aid might be benefitting from it; their sleep 

may be even worse, and they may have been more fatigued if they were not using 

electronic media to try and support their sleep (Exelmans & Van den Bulck, 2016). 

Impact of Arousal on Sleep Health 

The arousal mechanism appears to exude a nuanced impact on sleep health. 

For example, the effect of arousal from EMU on SOL may be subtle but significant (E. 

Weaver et al., 2010; King, Gradisar, et al., 2013), though the arousal of other aspects of 

life, contained within users’ cognitions, or interacting with nuanced aspects of EMU 

content such as cliffhangers may also exert a great influence on sleep health (cf. 

Baselgia et al., 2023; Harvey, 2005). People may use EMU to detach from unpleasant 

emotions that unstructured time may leave room for (Kubey, 1986) and may 

therefore engage in EMU as a sleep aid (Exelmans & Van den Bulck, 2016), though its 

efficacy as such is questionable, EMU could support sleep health if, for example, 

enough arousal is invoked by EMU that people can successfully detach from other life 

stresses, and not too much arousal, or unfinished narrative is experienced by which it 

may lead to further sleep difficulty (Baselgia et al., 2023). There is also the interaction 

that EMU facilitated psychological detachment may have with the alerting effects of 

light, leading to a detachment from signals of sleepiness (Chinoy et al., 2018) which 

may otherwise motivate behaviour towards sleep (Axelsson et al., 2020). In addition, 

if people are experiencing cliffhangers or unfinished narratives in social life, they 

may be drawn to engage in further EMU in efforts to resolve them so as not to miss 
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out (e.g., H. Scott et al., 2019). The arousal mechanism appears intertwined with time 

displacement mechanisms where decisions that are made about EMU experiences 

may exude nuanced, though important effects on sleep health and resulting wake 

functioning.  

The interactions between arousal and time displacement mechanisms are 

complex, and as has been shown above, difficult to disentangle from each other. Liu 

et al. (2020), however, found simple clarity between these mechanisms that can serve 

as an overall summary for these mechanisms. Liu et al. described a dual-path model 

that saw psychological detachment as beneficial for sleep quality and quantity, and 

bedtime procrastination as detrimental to sleep quality and quantity, each impacting 

on subjective ratings of performance and vitality at work the next day. The study by 

Liu et al. is unpacked further in Chapter 4. Below, the consequences of sleep health 

difficulty are focussed into their potentiating of fatigue (See Chapter 1); the 

functioning of fatigue is described through the lens of the self-regulatory 

motivational control theory (Hockey, 2013), and an account is given to the draw of 

EMU, and the ways in which some EMU software in particular can lead to a self-

regulatory difficulty that is captured in the maintenance model presented at the end 

of this chapter. 

Fatigue, Utility, and Coercion 

Many activities can lead to fatigue. Often fatigue results from the impact of 

having some demands placed on behaviour that seems out of our control, however 

these demands may range from engaging in work and maintaining vigilance, to using 

social media or other EMU, or even for some, whose fatigue experiences are more 
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prolonged, the ongoing strenuous task of maintaining functioning of everyday life 

(Balkin & Wesensten, 2011; Belenky et al., 2014; Bright et al., 2015; Fortes et al., 2019; 

Gantois et al., 2021; Hockey, 2013; Williamson & Friswell, 2013). This section situates 

fatigue as a potentially key motivational experience (Hockey, 2013) that is positioned 

as a possible maintenance factor of EMU and sleep health difficulty. As described in 

Chapter 1, sleep health crucially impacts on wake functioning, particularly if tasks 

are of long enough duration for the effect of fatigue to manifest (e.g., Balkin & 

Wesensten, 2011; Dawson & McCulloch, 2005; Kleitman, 1963; Lisper & Kjellberg, 

1972). Time on some task is typically seen as crucial for the fatigue experience to 

occur (e.g., Balkin et al., 2023; Balkin & Wesensten, 2011; Belenky et al., 2014), in the 

causal model presented towards the end of this chapter, sleep health difficulty is seen 

therefore as exacerbating the effect of time on task on fatigue. 

The Experience of Fatigue in Goal Selection 

Hockey (2013) situates fatigue as a crucial motivational and self-regulatory 

experience that occurs during ongoing tasks. Hockey’s (2013) motivation control 

theory of fatigue describes a model of three interlinked regulatory loops involved in 

regulating goals, regulating effort, and controlling routine behaviours. Within the 

goal regulation system, many different personal goals compete for selection and 

cognitive, somatic, and environmental events determine which goal is active at any 

point in time. Within the effort regulation system, the effort that one puts into 

achieving a goal is monitored and adjusted. Both goal and effort regulation systems 

respond to performance evaluations. That is, the results of behaviour and the effort 

required to achieve those results are evaluated against expectations. If discrepancies 

are noticed, depending on the judged importance of continuing the behaviour, goal 
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or effort regulation is instigated to resolve discrepancies. The third regulatory loop, 

routine control describes the processes of producing relatively automatic behaviours 

when the executive regulatory mechanisms are not active. In Hockey’s (2013) model, 

the experience of fatigue is a regulatory emotion that emerges from the intensity and 

frequency of activation of goal regulation, or effort regulation processes, each 

responding to perceived reduction in the success one has of fulfilling their goals, or 

ongoing increased effort required to maintain expected performance. 

According to Hockey’s (2013) theory, fatigue interrupts ongoing activity when 

it becomes more effortful than originally intended, or if results fail to meet 

expectations. Fatigue then acts as an emotion to broaden the view of possible 

behaviour away from the current task, to facilitate reorientation of behaviour so that 

tasks with greater utility—lower perceived cost and higher perceived reward—may 

be considered. Recent investigations into the functioning of this self-regulatory 

system of fatigue associate this fatigue experience with activation in neural 

substrates associated with effort-based decision making and subjective value 

judgements such as the rostral cingulate zone, the ventral striatum, the middle and 

superior frontal gyri, and the frontal pole (T. Müller et al., 2021). T. Müller et al., (2021) 

concluded: “fatigue states shift how much value we ascribe to working on a 

momentary basis” (p. 7). Bijleveld (2023), in reviewing the cognitive neuroscience 

study by T. Müller et al. (2021), emphasised the importance of viewing fatigue as a 

dynamic and complex process and an adaptive signal that supports a review of 

current activity and urges switching to higher utility; less effortful and more 

rewarding alternatives. 
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The practical outcomes of this fatigue-based decision making has been shown 

to be the case for decision making on the utility of physical effort (van As et al., 2021). 

Though, as yet, similar studies for decision making based on cognitive effort have not 

been found and are a clear area for future research. This effect may be intertwined in 

the complexity of self-control and ego-depletion studies (see Chapter 4), that is an 

ongoing area of research (Audiffren et al., 2023). Therefore, in the causal model 

introduced in the end of this chapter, the link between fatigue leading to EMU 

remains speculative. Testing this link would require a study that somehow induces 

and measures cognitive fatigue (e.g., van As et al., 2021), and then assesses perceived 

utility of either free or perhaps constrained choices when users are faced with various 

EMU or nonEMU activities to select from. This study may then check the hypothesis 

that when fatigued, users will choose activities that they see as providing high 

perceived benefit and low perceived costs. A further hypothesis would be that EMU 

may frequently be selected in these circumstances. To my knowledge this study is yet 

to be undertaken. While this study was not completed over the course of this thesis, it 

is a possibility for further research. The next section describes the draw of EMU, 

explains why EMU may sit as a particularly salient goal category within the goal 

regulation system, and may provide a good framework through which to understand 

the utility of EMU. 

The Balance of Utility and Coercion of EMU 

Basic psychological needs theory (Deci & Ryan, 2000; Ryan & Deci, 2017) posits 

that individual wellbeing, functioning, and motivation are most supported by the 

meeting of three core psychological needs: autonomy, the extent to which one is self-

directed in action and aspiration; competence, the extent to which one believes they 
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can accomplish their aims; and relatedness, the extent to which one feels connected 

to others. The potential meeting of these needs also motivates behaviour: Individuals 

tend to pursue situations and activities where their needs may be met (Deci & Ryan, 

2000). Understanding how EMU can meet needs of autonomy, competence and 

relatedness in immediate and predictable ways gives insights into the potential 

allure of EMU (Adachi et al., 2018; Przybylski et al., 2010; Rigby & Ryan, 2011).  

An understanding of these needs has also been commercially adopted in the 

generation of EMU software and content, often to increase engagement with 

commercial electronic media software platforms. For example, an article posted by a 

user experience design consulting firm referenced basic psychological needs theory 

and emphasised the importance of fostering a sense of autonomy, competence, and 

relatedness for promoting user engagement on software: “Designs that accommodate 

people’s fundamental needs will be both pleasant and easy to use. These qualities are 

what motivate users to continue using any product or service” (Kohler, 2022, Section 

2). Rigby and Ryan (2011) stress the importance of carefully understanding the ease 

with which EMU meets basic psychological needs, compared to the more difficult, 

distant, and sparse meeting of these needs in the molecular world—referring to 

nonEMU contexts (Rigby & Ryan, 2011). Rigby and Ryan suggested that if EMU 

systems are designed to fulfil basic psychological needs, especially when not met in 

the molecular world, users will likely be motivated towards EMU. 

D. Peters and Calvi (2023) highlighted that understanding these needs as they 

relate to EMU can be seen through both positive and negatively oriented lenses, 

highlighting ethical tension between “those interested in leveraging this impact (e.g., 
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via motivational design and behaviour change) and those concerned by it (e.g., by 

manipulation, attention-hijacking, addiction)” (D. Peters & Calvi, 2023, p. 979). 

Adachi and Rigby (2023) noted the ways in which users may experience fulfilment of 

autonomy needs via EMU varying from a direct autonomy, for example controlling a 

character in a video game, to a vicarious autonomy experience through relating to 

characters in television shows. Wu et al. (2020) provided an account of the ways in 

which users might feel an experience of autonomy while engaging in various EMU 

software platforms, though their choices being subtly influenced by design. 

Social media, web portals, and contracted technical platforms on the back-end 

seem to direct traffic in ways that require little or no conscious planning or 

choosing on the part of the user. The corresponding online choice 

architectures involved are difficult for people to discern in increasing degrees. 

Institutions routinely manage online flows with integrative hypertexts, 

browser configurations, and back-end bundling, all of which are essentially 

invisible. (Wu et al., 2020, p. 15) 

Electronic media software being designed to capture attention and foster 

engagement or manipulate users in the financial interests of the platform business 

owners has been termed deceptive design (Poell et al., 2022; Wray, 2019; see also 

https://www.deceptive.design). Zuboff (2015) termed the more general economic 

model of EMU software amassing data on users, monitoring their behaviour, and 

adjusting software parameters for personalising content and advertising as 

surveillance capitalism: “This new form of information capitalism aims to predict 

and modify human behavior as a means to produce revenue and market control” 
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(Zuboff, 2015, p. 75; see also Bandura, 2009; Figueiredo & Bolaño, 2017; Lauer, 2021; 

Wynn-Williams, 2025). Though, of course this has its roots in historic advertising 

practices. 

No group of sociologists can approximate the ad teams in the gathering and 

processing of exploitable social data. The ad teams have billions to spend 

annually on research and testing of reactions, and their products are 

magnificent accumulations of material about the shared experience and 

feelings of the entire community (McLuhan, 1964, p. 279).  

While the ad teams, that McLuhan (1964) discussed, tailored products to entire 

communities, nowadays, recommender software regulates itself automatically 

(Hesmondhalgh et al., 2023; Jannach et al., 2016), and the products of the software, 

the tuning of the algorithms, have become an accumulation of the exploitable, 

personal experience of individual single users. The adaptation of these algorithms to 

tune with user’s behavioural patterns may lead to a sense of identification and 

internalisation of the experience of interacting with them. If external regulators are 

in line with personally held values and identity, they may share many qualities with 

intrinsic motivation and therefore promote engagement (Ryan & Deci, 2000). In a 

sense, while Ryan and Deci (2000) described the processes through which external 

motivators are integrated into personal motivation systems, within these coercive 

media software systems, the reciprocal seems to occur: Personalised motivation is 

inferred by the surveillance of the user’s EMU, and these are integrated into the 

environmental determinant of the software and the content that the software 

curates. 
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Recent developments in EMU software include the evolution of highly 

responsive algorithmic content recommendations (Heuer, 2021; Jannach et al., 2016) 

which curate the content that is accessed on various online media platforms in the 

interests of promoting user engagement on their platform (Wu et al., 2020). Whereas 

online EMU in the 1990s and 2000s was characterised by user-generated content and 

manual searching (Young, 1998), recommender systems on software platforms lead 

to more passive consumption of users, making them more like the audiences that 

interact with more traditional or top down media content from TV and radio (Berman 

& Katona, 2016; McLuhan, 1964; Medoff & Kaye, 2017; Napoli, 2010).  

The algorithms that tend to be of greatest public concern today, such as those 

that lie behind Google’s search engines, Facebook’s News Feed or Spotify’s 

playlists... are constantly adjusted by people working for organisations that 

seek to create profit in order to pay shareholders and creditors 

(Hesmondhalgh et al., 2023, Section 1.3).   

The passivity that recommender systems induce in their audiences is balanced with 

an increase in utility, as content delivery can be readily tuned for relevance to the 

user (Hesmondhalgh et al., 2023). EMU may now readily permeate into situations 

where intentional content seeking behaviour might be impractical or unwanted 

(Hesmondhalgh et al., 2023; see also J. Webster et al., 2016). Of all the user impacts 

that EMU may create, the source of the most widespread and insidious influence may 

be through how software can monitor and adapt to users, determine the content that 

users are presented with and likely lead some EMU to hold high status amongst the 

goal regulation system.  
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Like when you're done talking to someone or you're done checking Snapchat 

or something, the stories, you're done with that. Then you go on to Instagram, 

you have to look at everything there. Then you have to go back on Snapchat 

because someone has messaged you or there's more stuff. So this keeps on 

happening and then there is like Facebook or something you have to check. It's 

stuff like that, it just keeps going until like 12. (H. Scott et al., 2019, p. 542) 

This quote from a 14-year-old participant in a recent qualitative study described the 

allure of EMU, its utility and the self-regulatory difficulty, in particular a sense of 

obligation that EMU might induce. This quote also summarises the impact of this 

allure with the time displacement, arousal, psychological detachment and 

unfinished narratives that high-utility EMU may provide. 

Summary 

These potential interrelated influences are mapped out in the maintenance 

model presented in Figure 4 at the end of this chapter. In this figure, the impact of 

EMU on time displacement and arousal mechanisms are seen as causing difficulties 

with sleep health. The time displacement mechanism is seen as holistic given the 

complex intertwining of biological, social, and behavioural influences on different 

kinds of time. The time displacement mechanism spans from the simple behavioural 

time displacement as captured through the idea of sleep procrastination (e.g., 

Exelmans & Van den Bulck, 2017a; Kroese et al., 2016), to the interacting complex 

desynchrony of biological time, social commitments, the associated difficulties with 

sleep health that these may lead to (e.g., Chinoy et al., 2018; MacKenzie et al., 2022; 

Roenneberg et al., 2019). The arousal mechanism captures the impacts that alertness 
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from light (e.g., Chinoy et al., 2018; Figueiro et al., 2007), cognitive arousal from 

stimulating EMU (e.g., King, Gradisar, et al., 2013) or unfinished narratives from EMU 

or from the molecular world may have on sleep health (e.g., Baselgia et al., 2023), as 

well as the potential support for sleep health that psychological detachment may 

bring (e.g., Exelmans & Van den Bulck, 2016; cf. Harvey, 2005; Liu et al., 2020). These 

mechanisms are seen in the model as leading to sleep health difficulty to frame the 

EMU–sleep health relationship as a problem that can possibly be negotiated (cf. 

Bandura, 1997). Given the impacts that issues with sleep health has on wakeful 

performance, sleep health difficulty is seen in the model as exacerbating the effect of 

time on task on fatigue (e.g., Balkin & Wesensten, 2011; Belenky et al., 2014; Dawson & 

McCulloch, 2005; Hockey, 2013). Fatigue is then seen in its motivation control 

function (Bijleveld, 2023; Hockey, 2013), leading to selection of high utility 

behaviour, which EMU is a likely example of (e.g., Rigby & Ryan, 2011; Young, 1998; 

Hesmondhalgh et al., 2023; see also Audiffren et al., 2023). While not explored in 

depth in the above section, EMU is also seen as a task in itself which people spend 

time on, and which may lead to an experience of fatigue (see Zheng & Ling, 2021 for 

an overview of social media fatigue) and may also include work-related EMU (Lanaj et 

al., 2014). Given the many possibilities that EMU may contain, a reselection of goals 

may also lead to a change from one EMU activity to another EMU activity (e.g., 

MacKenzie et al., 2022; H. Scott et al., 2019), perpetuating time displacement and 

arousal, difficulties with sleep health, and increased fatigue propensity. 

Future Research 

This current chapter rests on a review of broad literature, some of which 

remains to be empirically tested. For example, an outstanding question in 



C H A P T E R  3  

106 

chronobiology asks, “How do communities of circadian organisms rhythmically 

interact with each other?” (Chawla et al., 2024, p. 1) suggesting possibly reemerging 

study into social zeitgebers (e.g., Wever, 1979) that could contribute to biological time 

displacement, particularly when photic zeitgeber strength is low (see Roenneberg et 

al., 2019). Recent evidence suggests metabolic inputs to the SCN through which non-

photic zeitgebers may exert their influence (Grosjean et al., 2023). Another example 

of speculation is that of fatigue leading to decisions for high utility cognitive 

experiences. Recent developments based on motivation control principles of fatigue 

have focussed on physical activity decisions (e.g., van As et al., 2021, 2022), and while 

neurocognitive research has found potential biological substrates for fatigue’s 

association with effort-based decision making (cf. Hockey, 2013; T. Müller et al., 

2021), practical implications of decisions over cognitive effort remain to be 

empirically validated.  
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Figure 4 

Model of Interrelated Influences between EMU, Sleep Health, and Fatigue 

 

 

Figure 4: Heuristic Causal Model of Relationships between EMU, Sleep Health, and Fatigue 
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Chapter 4 

Interrupting the Cycle: Introducing an Intervention and a Hypothesis 

The previous chapter discussed a broad overview of mechanisms that appear 

to permeate into the relationship between EMU, sleep health and fatigue. This 

culminated in the description of a model of maintenance of EMU, sleep health 

difficulty, and increased fatigue propensity. The current chapter suggests a possible 

solution for breaking this cycle by introducing a new EMU self-reflection 

intervention (EMU-SRI) and discussing its foundations. 

When directly controlled in experimental settings, acute changes to EMU 

appear to only lead to minor, if any, short-term changes to sleep outcomes 

(Combertaldi et al., 2021; Mahalingham et al., 2023; Sennock et al., 2024). For 

example, in a between-subjects study, Mahalingham et al. (2023) assigned 

participants to either cessation of smartphone-based social media for one week or 

continuing normal use and found no significant differences in subjective sleep 

quality after one week. Under tighter experimental controls and each using within-

subjects designs, Sennock et al. (2024) assigned adolescents to 45 minutes of either 

social media use, reading a book on a smartphone, or reading from a paper-based 

book prior to sleep with take-home polysomnography kits. Combertaldi et al. (2021) 

assigned adult participants to 30 minutes of either social media use with blue-light 

blocking glasses, progressive muscle relaxation, or neither prior to three sleep nights 

in a sleep laboratory with polysomnography measures. Both Sennock et al. and 

Combertaldi et al. also assessed next-day memory consolidation and Combertaldi et 

al. also assessed next morning PVT performance. Taken together, these results all 
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suggested that when pre-sleep EMU is directly restricted, reduced, or replaced by 

non-EMU activities, few immediate changes to sleep or wake functioning occur. 

However, the relationship between EMU and sleep may be more complex than 

what might be solved by simple reduction in EMU. For example, both Sennock et al. 

(2024) and Combertaldi et al. (2021), each noted that in their experimental condition, 

engaging in EMU prior to sleep was still time-limited, so they were unable to assess 

behavioural time displacement, a likely crucial element in the EMU–sleep health 

relationship. Moreover, Mahalingham et al. (2023) noted that other EMU hardware 

and software may have displaced smartphone-based social media use time during 

participants’ experimental weeks. Additionally, EMU, depending on its content and 

interaction with other life stresses, may be used as an aid to support sleep (Baselgia et 

al., 2023; Combertaldi et al. 2021; Exelmans & Van den Bulck, 2016) so simple 

reductions to EMU might limit its potentially beneficial impact. A potentially subtle 

immediate impact of EMU on sleep health may accumulate over time spans far 

greater than the above experiments could assess (e.g., Hökby et al., 2025). Longer-

term improvements to EMU patterns might be required to observe potentially 

cumulative improvements in sleep health and fatigue. This may require 

interventions designed to produce enduring changes to EMU and studies to assess 

their outcomes on sleep health.  

There are already many EMU and sleep health interventions (see Chapter 1). 

However, existing EMU interventions have focussed primarily on addiction models, 

and typically involve lengthy cognitive, behavioural, or group therapy processes 

(e.g., Cash et al., 2012; de Abreu & Góes, 2011; Malak, 2017), or self-help strategies for 



I N T E R R U P T I N G  T H E  C Y C L E  

111 

controlling use and reflecting on difficulties in one’s life that EMU may contribute to 

(e.g., Young, 1998). EMU components within sleep health interventions typically take 

the form of educational sleep hygiene recommendations (e.g., Harvey & Buysse, 2017; 

Sleep Health Foundation, 2016; Suni, 2020). No studies have been found that assessed 

the independent utility of these kinds of EMU–sleep health recommendations, nor 

any that addressed whether longer term interventions on EMU can improve sleep 

health (cf. Martin et al., 2020). Furthermore, best practice administration of 

cognitive behavioural therapies for sleep health difficulties requires a clinician who 

is an experienced clinical psychologist and also has a firm background in behavioural 

sleep science (B. Sweeny, personal communication, 7 September, 2020). EMU-SRI is 

intended to be a brief intervention that may lead to possible cascades of 

improvement for those who may be struggling with EMU and sleep health difficulty, 

though for whom the other interventions described in Chapter 1 may be unsuitable. 

EMU-SRI was developed during the investigation of mechanisms interacting 

between EMU and sleep health outlined in the previous chapter, as well as 

investigations into self-control and self-regulation theories, described later. This 

current chapter begins with a critical eye on self-control as a mechanism that has 

previously been discussed as a protective factor for the EMU-sleep health 

relationship (e.g., Bauducco et al., 2024; Exelmans, 2019). Following this, the social 

cognitive theory of self-regulation (Bandura, 1991) is drawn on to describe a reframe 

of self-control, and the principles that frame the new intervention. A paper (Liu et al., 

2020) that provided primary inspiration to the intervention’s development is also 

described in this overview. This chapter concludes by introducing the new self-

reflection intervention for EMU and sleep health, and hypothesising its efficacy. 
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EMU-SRI has been designed to be applied independently, and could also potentially 

be adapted to interact with already existing intervention frameworks to bridge the 

gap between EMU and sleep health specific interventions. 

Self-Control and Ego-Depletion Theory 

Self-control refers to a faculty to regulate or inhibit immediate proponent 

behaviour in the interest of long-term benefit over immediate reward (e.g., 

Baumeister et al., 2007). In a recently published overview of mechanisms involved in 

the EMU–sleep health relationship, Bauducco et al. (2024) discussed parental limits 

to EMU and sleep supporting self-control as two protective factors. Regarding self-

control, Bauducco et al. (2024) suggested, “similar to a battery, self-control can be 

recharged after a good night’s sleep and last until bedtime. Thus, forming a 

protective loop of self-control, conscious use of technology, and preserved sleep 

quality and quantity” (p. 7). The idea that self-control as a faculty may be depleted 

and recharged like a battery stems from ego-depletion theory (e.g., Baumeister et al., 

1998; Muraven et al., 1998) which centres on the idea that self-control capacity draws 

on a general, limited resource that can be trained like a muscle, or charged and 

discharged like a battery. The general paradigm for studying ego-depletion involves 

an experimental manipulation that requires participants to exercise self-control to 

inhibit a proponent response, and afterwards test how long they persist on a 

challenge without an obvious end point; the cessation of effort on this unending task 

is assumed to assess a depletion of self-control resources (Baumeister et al., 1998). 

Recently, the ego-depletion effect has been at the forefront of the replication 

crisis, where effects preponderantly found by classic social psychology research 
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paradigms have failed to be reliably reproduced when subject to replication studies 

(Inzlicht & Friese, 2019). Two recent large-scale replication studies have 

comprehensively challenged ego-depletion theory. The first of these found small to 

no evidence of a depletion of self-control resources (see Hagger et al., 2016), although 

its experimental manipulation was soon challenged (Baumeister & Vohs, 2016). The 

more recent replication study with refined methodology, however, was also unable to 

detect a significant ego-depletion effect, suggesting self-control to be potentially 

unlimited (Vohs et al., 2021). While the self-control based protective loop described 

by Bauducco et al. (2024) may be useful for forming a broad idea of the maintenance 

of sleep health and EMU difficulties, its theoretical underpinnings have been 

challenged, and as described next, the utility of proposing self-control as a limited 

resource may also be questionable. 

Individuals’ beliefs about their own willpower, or self-control ability might 

influence their expression. Job et al. (2010) conducted four studies variously 

measuring and modifying individuals’ theories about their own self-control and 

found that self-control only diminished for those who held or were induced to hold 

beliefs that self-control is a limited resource. Later, this research was applied to 

understanding bedtime procrastination with results suggesting that if individuals 

hold a belief that their self-control is an unlimited resource, they are less likely to 

procrastinate bedtime after stressful days (Bernecker & Job, 2020). 

Within the last two replication studies of the ego-depletion effect, subjective 

fatigue was suggested as a potentially important moderator, as across conditions, 

participants who reported higher subjective fatigue during replication studies tended 
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to give up on the unending tasks earlier (Dang, 2016; Vohs et al., 2021). The reframe 

that the motivational control theory of fatigue supplies, indicates that the cessation 

of the ego-depletion tasks is not necessarily a depletion of the ego, or self-control 

resources, but instead an implicit reevaluation of priorities associated with the 

subjective fatigue experience; a utility-motivated choice to stop (Hockey, 2013). 

Fatigue as a possible variable involved in the self-control, sleep, and EMU 

relationship was also suggested by Exelmans (2019) in the inceptive paper on self-

control in the EMU–sleep health relationship. In an early study on bedtime 

procrastination, Kroese et al. (2016) viewed bedtime procrastination as a self-

regulation issue, though saw self-control, an ability to resist temptations, as a key 

indicator of “self-regulation skills” (p. 854). While self-control and self-regulation 

terms may be seen as broadly compatible (Kroese et al., 2016; Vohs & Baumeister, 

2004), empirical evidence for sleep’s support of self-control is limited when it is 

viewed as a “basic cognitive process” (Baron & Culnan, 2019, p. 366). The social 

cognitive theory of self-regulation (Bandura, 1991) adds complexity and nuance to 

understanding more deeply the more executive processes that people may engage in 

when they exercise self-control, and, as described later, clarifies avenues through 

which EMU–sleep health behaviour may be supported. 

The model from the previous chapter ultimately saw the maintenance of EMU, 

sleep health difficulty, and fatigue as being a self-regulatory issue, wherein high-

utility EMU experiences are continually chosen, motivated by the experience of 

fatigue (Hockey, 2013). The social cognitive theory of self-regulation (Bandura, 1991) 

was chosen as a complementary theory to understand how to support self-efficacy 

and self-directed EMU. Both the social cognitive theory of self-regulation and the 
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motivational control theory of fatigue broadly describe motivation for behaviour; 

how goals, effort, and behaviour are dynamically updated and adjusted; and the 

cognitive components involved in these adjustments. However, whereas the 

motivation control theory of fatigue applies within the flow of ongoing tasks, the 

social cognitive theory of self-regulation applies more broadly across people’s lives 

(cf. Bandura, 1991; Hockey, 2013). The controversy of the ego-depletion and self-

control studies described above converged on the idea that the nuanced picture of 

fatigue provided by Hockey’s (2013) motivational control theory may be useful in 

better understanding the relationship between EMU and sleep (see Chapter 3). 

Furthermore, while not explicitly mentioned in the studies by Bernecker and Job, 

(2020), their manipulation of willpower beliefs appeared to align well with Bandura’s 

concept of self-efficacy (Bandura, 1991, 1997); that an individual’s beliefs about their 

own abilities pervasively influences their self-regulation system, and, for Bernecker 

and Job’s participants, were associated with lower bedtime procrastination. While 

Hockey’s (2013) motivation control theory of fatigue may be key to understanding the 

maintenance of EMU–sleep health difficulty, Bandura’s (1991) social cognitive theory 

of self-regulation may be key to understanding how to break the cycle of EMU–sleep 

health difficulty and fatigue. 

Social Cognitive Theory of Self-Regulation 

The concept of self-regulation describes the active cognitive processes through 

which individuals adapt their personal and behavioural determinants over time to fit 

in with and influence their environmental determinants (Bandura, 1991). Bandura’s 

(1991) social cognitive theory of self-regulation can be seen as holding two broad 

components. The first, self-reflection is a process of monitoring and evaluating 
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actions and results. This is achieved by self-monitoring behaviour and comparing 

perceived occurrences to what is expected. From this comparison individuals judge 

their activities and resulting outcomes according to personal standards that are 

informed through observational learning (Bandura, 1991). The second broad 

component of self-regulation is self-reactive influence. People react to their 

judgements of discrepancies from self-reflection and, to reduce the reactions that 

these discrepancies elicit, they act to reduce the discrepancies by modifying their 

efforts, their goals, or shifting their internal standards (Bandura, 1991). 

These processes in Bandura’s (1991) theory broadly reflect the motivational 

and goal maintenance systems of Hockey’s (2013) motivational control theory of 

fatigue, both models also describe a reevaluation of internal standards of 

performance to maintain equilibrium. While broadly similar, they function in 

different ways: Hockey’s model describes a process of regulation while in the flow of 

a task, whereas Bandura’s model describes the processes of regulation more broadly 

where people may aspirationally seek and then resolve discrepancies between 

expectations and performance. Bandura (1991) centres the idea of self-efficacy as 

influential to each component of the self-regulation system. Self-efficacy refers to the 

beliefs that one holds about their influence over the environment. Self-efficacy 

determines what goals are selected, whether people persist and increase their efforts, 

or are discouraged in response to setbacks (see also Bandura, 1997). Self-efficacy is 

seen as a core personal determinant of how the discrepancy between expected and 

observed outcomes are interpreted and managed and can improve self-directedness 

of behaviour, referring to the extent to which personal determinants, as opposed to 

environmental determinants lead behaviour. Self-efficacy, and thereby self-
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directedness can be improved through success in discrepancy reduction (Bandura, 

1991). 

Bandura’s (1991) social cognitive theory of self-regulation applies broadly 

across people’s lives and contexts and describes the long-term affective, behavioural, 

and cognitive processes through which symbiosis is maintained between a person 

and their contexts, while also explaining how people can exert agency in their 

actions. Self-reflection and self-reactive influence are understood as conscious 

processes through which self-regulation occurs before, during, and after certain 

tasks, as an activity that can be promoted to support adaptation. 

Balancing Bedtime Procrastination and Psychological Detachment 

In discussing the interaction between people’s beliefs about their willpower 

and bedtime procrastination, Bernecker and Job (2020) highlighted a balance 

between engaging in activities that promote recovery from stress, and the potential 

for these activities to displace sleep time. Concurrently with these discussions, Liu et 

al. (2020) studied this balance between psychological detachment and bedtime 

procrastination. Liu et al. found that mindfulness as a trait variable supported the 

sleep enhancing benefit of EMU-facilitated psychological detachment, while 

buffering EMU facilitated bedtime procrastination. Liu et al. (2020) defined 

mindfulness as “a tendency to be attentive to and aware of what is taking place in the 

present” (p.4). In assessing mindfulness, Liu et al. employed the Reduced Mindful 

Attention Awareness Scale (Van Dam et al., 2010), which was truncated from the 

Mindful Attention Awareness Scale (Brown & Ryan, 2003). In developing their 

reduced scale, Van Dam et al. (2010) also criticised its construct validity, noting that 
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while its items “may reflect a broad psychological construct” (p. 809), they do not 

simply represent mindfulness, indeed Van Dam et al. concluded their paper by 

challenging the idea of measuring the nuance and complexity of mindfulness 

through the use of a scale at all. Perhaps they show face validity for another 

construct? These scale items that individuals in Liu et al.’s study answered included 

“It seems I am ‘running on automatic,’ without much awareness of what I’m doing. ...  

I rush through activities without being really attentive to them. ... I do jobs or tasks 

automatically, without being aware of what I’m doing. ... I find myself doing things 

without paying attention” (Van Dam et al., 2010, p. 809). Liu et al. (2020) found that 

affirmative answers to these items were associated with increased EMU facilitated 

bedtime procrastination, and decreased benefits of psychological detachment via 

EMU. While no studies have been found equating the Reduced Mindful Attention 

Awareness Scale with self-regulation, its items appear akin to assessing the 

functioning of the self-monitoring subfunction in Bandura’s (1991) account of self-

regulation. To reinterpret the results found by Liu et al (2020) in this light, it appears 

that higher quality self-monitoring may be associated with reduced bedtime 

procrastination, increased benefit of psychological detachment from EMU, and 

possibly increased sleep health as a result. 

Introducing an EMU Self-Reflection Intervention (EMU-SRI) 

The EMU self-reflection intervention (EMU-SRI) introduced here seeks to 

encourage user self-directedness and increase intentionality of EMU through 

encouraging explicit self-monitoring that, in turn, increases awareness of 

discrepancies between expected and extra EMU activities. Through a self-reflection 

exercise, these discrepancies are evaluated. Users are encouraged to reduce 
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discrepancies in two ways: (1) by devising alternative behaviours, or (2) by expecting 

to do their typical extra activities, thereby shifting their internal standards. EMU-SRI, 

in its current inceptive form, has been tailored towards the context of sailors in active 

duty in the RNZN (see Chapter 5). EMU-SRI’s details have been captured in a manual 

(see Appendix D) and workbook (see Appendix E). The intervention study described 

in the next chapter is an initial test of its efficacy. EMU-SRI comprises three core 

elements: 

1. Education in EMU–sleep health–fatigue relationship, and

recommendations about healthy sleep behaviours. 

2. Documenting and reflecting on bedtime routine; and

3. An EMU diary to nest EMU within a self-reflection exercise.

Educational Component 

The intervention begins by introducing an educational component to 

participants. This component includes an introduction to the two-process model of 

sleep, the upstream effects that sleep health may have on performance, and 

hypothesised mechanisms and mediators through which EMU may impact sleep and 

fatigue. This education component also includes basic healthy sleep behaviour 

recommendations that were drawn from the Australasian Sleep Health foundation 

resources (Sleep Health Foundation, 2011, 2016, 2020) and adapted with supervision 

to the likely requirements of sailors in active duty with the RNZN. This educational 

component functions as a social environmental determinant through which personal 

standards of participants may be influenced. 
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Bedtime Routine Development 

The second component of the intervention begins with documenting and then 

later editing a pre-bedtime routine. This provides an operationalisation of the 

healthy sleep behaviour recommendations and educational component in a way that 

provides some structure while still encouraging autonomy. First, participants 

document their current bedtime routine (self-monitoring), and at a later session, they 

are asked to consider the recommendations provided in order to improve their pre-

bedtime routine and engage in self-reflection on any discrepancies of their chosen 

changes. Any behavioural changes remain entirely up to the individual. This 

component was developed based on findings that consistent, habitual prebedtime 

activities, whether they incorporate EMU or not, are associated with lower sleep 

procrastination (Exelmans & Van den Bulck, 2017b; Liu et al., 2020).  

EMU Diary Component 

The core component of the intervention contains a diary to facilitate self-

monitoring of EMU as “success in self-regulation partly depends on the fidelity, 

consistency, and temporal proximity of self-monitoring” (Bandura, 1991, p. 250). 

Users are provided with a pocketable EMU diary to complete before and after 

engaging in EMU. Given that the diary is to be interacted with prior to EMU, the diary 

serves as an operationalisation of goal regulation, and an external memory reference 

to aid in accurate discrepancy production from a user’s perspective. As was discussed 

in Chapter 3, coercive flows of many EMU software may lead individuals to engage in 

EMU activities that they had not initially intended, so they are also encouraged to use 

the diary again following conclusion of EMU and document extra activities; what 

they did that they did not initially intend to do, thus increasing awareness of 
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discrepancies in their behaviour. This diary serves as a vehicle for an explicit self-

reflection exercise, which is facilitated during an intervention session after they have 

been using it for a week. During the facilitated self-reflection exercise, the user is 

instructed to reflect on their discrepancies, and either anticipate and intend to do 

these behaviours prior to EMU, a reevaluation of internal standards, or devise 

alternative behaviours that might meet the same needs. 

Hypothesis 

Theoretically, EMU–sleep health–fatigue difficulties can be framed as an issue 

of self-regulation. Self-directedness of EMU might be fostered through intentional 

self-monitoring and self-reflection and lead to improvements to sleep health and 

waking performance (e.g., Bandura, 1991, 1997; Liu et al., 2020). EMU-SRI aims to 

encourage these faculties of self-monitoring and self-reflection. Therefore, the 

hypothesis is that engaging in EMU-SRI will lead to improved sleep health and 

reduced fatigue propensity for users. 
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Chapter 5 

Testing an Electronic Media Use Self-Reflection Intervention in the Navy: A 

Multiple Baseline Single Case Experimental Study 

Personal and workplace wellbeing form a complex symbiotic relationship.  A 

person's wellbeing impacts their performance at work; their performance at work 

also impacts their wellbeing (Bennett, 2021; Bevan, 2010). When someone is at work, 

they are likely to be in an environment, or engage in tasks that require them to be 

attentive for longer than they may autonomously choose, exposing them to a higher 

likelihood of fatigue (Hockey, 2013; Williamson & Friswell, 2013). Fatigue likelihood 

can be increased by exposure to risky environments that require sustained vigilance, 

and these risky environments can become more risky when people in them are 

fatigued (Williamson & Friswell, 2013).  Mitigating fatigue-related risk requires 

mutual interest and shared responsibility of legislators, regulators, employers, and 

employees (Gander, 2005). Fatigue-related behaviours have been legislated as a 

hazard to be minimised or eliminated as far as reasonably practical across all 

workplaces in Aotearoa New Zealand (Health and Safety at Work Act 2015, Sections 16 

& 30). Mitigating fatigue is particularly crucial within high-risk and high-

consequence occupations like those within Te Taua Moana O Aotearoa - Royal New 

Zealand Navy (RNZN; Wray, 2019).  

The topic of this thesis was encouraged by the RNZN, who were interested in 

the potential impacts that EMU has on fatigue, to try mitigating downstream risks to 

health and safety (Health and Safety at Work Act 2015; Wray, 2019). At that time, 

research in the intersects of these constructs was rare in the RNZN. A recent report by 
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LTCDR Marianne Wray (Wray, 2019) suggested increased research into this domain 

was required for the RNZN. That same year, Exelmans and Van den Bulck (2019) 

released a paper calling for increased multidisciplinary research into the 

relationships between EMU and sleep. Wray’s (2019) report noted that EMU appeared 

to be increasingly prevalent in the RNZN during rest periods, and suggested that 

effective fatigue mitigation required ongoing investigation and understanding of the 

EMU, sleep, and fatigue relationship. At the conclusion of the report by Wray (2019) 

into EMU, and fatigue in the RNZN, Wray recommended “Development, distribution 

and implementation of resources and low level intervention tools,” (Wray, 2019, p. 

62). This suggestion was supported by the Maritime Component Commander of the 

RNZN, CDR Mathew Williams, and has led to the current project’s development. 

This study trials EMU-SRI, a brief self-reflection intervention developed for 

EMU–sleep health based in self-regulation principles. EMU-SRI encourages self-

reflection and self-directedness of EMU (see Chapter 4). This intervention was 

primarily developed based on the understanding that EMU is nuanced and can 

support or detract from sleep health, and that self-monitoring and self-reflection 

appear to support EMU’s possible benefits, while buffering EMUs possible detriments 

(e.g., Bandura, 1991; Liu et al., 2020). In this study, EMU-SRI is applied for sailors in 

active duty in the RNZN abord HMNZS Wellington, with the hypothesis that sleep 

health metrics will improve, and that fatigue may be mitigated. To assess these 

outcomes, subjective and behaviourally measured EMU, sleep quality and quantity 

metrics, and sleepiness, vigilance and fatigue metrics were assessed. Longer-term 

changes were measured with a six-month follow-up survey as it was expected that 

improvements to EMU, sleep, and fatigue will be enduring.  
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Rationale for Multiple Baseline Single Case Experiment Design 

The effect of EMU on recovery, sleep, and the resulting effects of this on 

fatigue and performance is hypothetically significant (e.g., Exelmans & Van den 

Bulck, 2019; Liu et al., 2020). In practice, the extent of this effect in RNZN sailors was 

yet unknown (Wray, 2019). Much of the research into the relationship between EMU, 

and sleep has stemmed from large-scale correlation studies (see Chapter 2), none 

were found addressing the EMU–sleep health–fatigue relationship, and causal 

studies on EMU interventions supporting sleep health are “extremely rare” 

(Exelmans & Van den Bulck, 2019, p. 525).  

MBDs can support developing understanding of interventions that are 

expected to show gradual and enduring behaviour change (Krasny-Pacini & Evans, 

2018). In MBDs, participants act as their own controls with outcomes measured 

repeatedly before and after the introduction of an intervention (Krasny-Pacini & 

Evans, 2018). MBDs provide a powerful approach for gaining in-depth understanding 

of causal relationships between an interventions and outcomes (Aydin, 2024). MBDs 

have a small number of participants so is appropriate for assessing the process of a 

novel intervention, and to limit the spread of any unexpected or potentially harmful 

outcomes. Consistent outcome changes after intervention introduction, if replicated 

across time and across participants provides evidence of intervention efficacy within 

their contexts; MBDs are often used for developing and determining evidence-based 

practice (Aydin, 2024; Greenwood, 1989; Kratochwill et al., 2010; Willis, 2014). To 

meet best practice guidelines, MBDs should involve at least three participants with 

measurement beginning at different times between participants and at least three 

measures per phase to account for coincidental contextual influences and to allow 
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for observing inter-case replication of any effects (Byiers, 2018; Kratochwill et al., 

2010). This MBD study was designed to be practically feasible to implement on board 

an RNZN ship alongside the regular duties of the participants, to see whether EMU-

SRI could show efficacy with sailors in active duty. While generalisability is nuanced, 

findings from single case research can also provide insight into potential application 

in other contexts (Lincoln & Cuba, 2009; Mook, 1983; Willis, 2014). Given the 

complexity and nuance of the EMU–sleep health–fatigue relationship, the infancy of 

EMU-SRI, and the unique setting of the RNZN for studying its efficacy, an MBD was 

decided on to test whether EMU-SRI would be effective for improving sleep health 

and mitigating fatigue for sailors in active duty in the RNZN to develop insights into 

its utility in this setting, and understand the dynamics of any benefits that may be 

observed. 

The Context of the Study 

Together, with enabling agencies, Te Ope Kātua O Aotearoa, The New Zealand 

Defence Force (NZDF) provides citizens of Aotearoa New Zealand with constant 

assurance of military defence and security (NZDF, 2022). NZDF contains three 

primary branches: Ngāti Tūmatauenga O Aotearoa, New Zealand Army; Te 

Tauaarangi O Aotearoa, Royal New Zealand Air Force; and RNZN. RNZN plays a 

pivotal role in maintaining the security of communities in Aotearoa New Zealand and 

the Pacific, as well as involvement in numerous international operations. As of 31 

December 2024, the RNZN employed 2,895 personnel including 2,153 regular force 

and 742 reserve force; 1566 identified as male and 587 identified as female (RNZN, 

2024). HMNZS Wellington, the context of the current study, is an offshore patrol 

vessel of the RNZN. One of RNZN’s smaller ships, she has a complement of 80 
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individuals including 42 core crew and 12 flight personnel (NZDF, n.d.). HMNZS 

Wellington primarily operates in the New Zealand Exclusive Economic Zone and 

mostly conducts operations and training in the Pacific Region. Recently, her crew has 

been involved in various rescue, health service delivery, and sustainability 

management operations in the Pacific (NZDF, 2022). The current study took place in 

late 2021 with selected volunteer participants that form part of her crew. 

The Navy Environment and its Impact on Sleep Health and Fatigue 

While at sea, RNZN ships require a constant presence of personnel awake and 

on watch with varying rotations between shifts depending on operational and 

staffing circumstances (Personal communication, LT Egidia Bernerius, March 1, 

2021). As such, typical sleeping schedules may be frequently disrupted, contributing 

to likely downstream issues with fatigue (e.g., Kilding & Bonetti, 2017; United States 

Government Accountability Office, 2024b). Routines on board RNZN ships require 

personnel to present at work activities during the day even after completing night 

shifts (Personal communication, LT Egidia Bernerius, March 1, 2021). As an analogue 

to the RNZN environment, recent research of 994 active duty personnel in the United 

States Navy indicated that their personnel generally achieve less than recommended 

sleep hours (mean 6.60h, standard deviation [SD] 1.01h), would be classified as poor 

sleepers and often split their sleep (Matsangas & Shattuck, 2020). The United States 

military have reported that many of its personnel are not getting recommended daily 

sleeping hours and have urged ongoing research into causes of, and ways to manage 

fatigue to ensure relative safety of its personnel (United States Government 

Accountability Office, 2024a). While no literature was found that addresses these 
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issues in the RNZN specifically, these findings and recommendations likely apply to 

the current context (Wray, 2019). 

In disciplined and controlled working environments, as it found within the 

RNZN, motivation and effort are required for adequate performance (Kilding & 

Bonetti, 2017). Within these kinds of structured settings, where performance is most 

crucial, particularly in situations of stress and high potential consequence, current 

goals may have high importance and require active maintenance of effort in order to 

adequately complete them, leading to higher risk of fatigue (Hockey, 2013). 

 Safety risks due to fatigue have been widely acknowledged as particularly 

concerning across high-risk industries such as maritime, aviation, and 

transportation (Gander, 2005; Gander et al., 2014; Rudin-Brown & Filtness, 2023). 

Errors associated with performance impairments range from immediate and 

strategic to insidious, tactical, and systemic (Reason, 1991). To mitigate the 

consequences of fatigue, workplaces benefit from encouraging wellbeing practices 

within and beyond the workplace to encourage effective recovery (Colten & Altevogt, 

2006; Dawson & McCulloch, 2005). The NZDF Health Directorate guide to supporting 

health in the defence community is an example of this effort (Defence Health 

Directorate, 2023). The guide contains recommendations for RNZN personnel to 

support their health, wellbeing, and safety. The guide outlines consequences of 

fragmented, restricted, or deprived sleep, and offers relaxation, cognitive distraction 

and breathing exercises for personnel to try. The guide also notes the potential 

impact of EMU on sleep by acknowledging the importance of EMU for social 

communication and relationship maintenance, as well as its potential displacement 

of sleep time (Defence Health Directorate, 2023, pp. 143, 78).  
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There are many benefits that EMU provides for users such as social 

connection, leisure, facilitating productivity, fostering creativity, and supporting 

psychological detachment (Liu et al., 2020; Reinecke & Hofmann, 2016; van Dijck, 

2013). Therefore, the aim for any EMU intervention should be a controlled and 

balanced use, rather than enforced abstinence (Cash et al., 2012; Young, 1999). EMU-

SRI shares these aims by encouraging self-reflection and self-directed EMU to 

promote sleep health. The current study assesses whether this can lead to mitigation 

of fatigue. 

Method 

Ethics 

This study was reviewed and approved by the Massey University Human 

Ethics Committee: Southern A, Application 21/34; and Organisational Research at 

NZDF: reference 5000/PB/5/3; and the NZDF Research Ethics Committee: 21 July 

2021. The study was run with the aid of the medic stationed with HMNZS Wellington 

as a research representative (RR). Confidentiality agreements (see Appendix F) were 

signed by RR and the second rater of the actigraphy data. RR oriented participants to 

the study with the aid of an orientation guide (see Appendix G) and facilitated data 

collection, resource provision, and interfaced with participants in the delivery of the 

study’s orientation and the four intervention sessions. Participants were 

compensated with supermarket vouchers totalling $160 NZD each for their time in 

the study. As part of the ethical considerations for this study, the privacy of 

participants within this relatively small population was paramount. Any information 

that could be used to identify participants or differentiate them from one another, for 
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example, specific working patterns, sleep timing, and identifiably unique EMU 

hardware, software, and activities, were not reported. Participants used self-

generated identification codes throughout all components of the study to obfuscate 

their identities in the interest of anonymity. 

Participants 

Participants were recruited by way of advertising flyers (see Appendix H) 

alongside and onboard ship. Organisational emails were also sent to the crew of 

HMNZS Wellington calling for expressions of interest. After reading information 

sheets (see Appendix I) and completing a consent form (see Appendix J), participants 

completed an intake survey (see Appendix K) through which eligibility for the study 

was assessed. Thirteen participants expressed interest, of which, eight completed the 

intake surveys. Eligibility for the study was based on global Pittsburgh Sleep Quality 

Index (PSQI) scores being greater than five, the originally described “sensitive and 

specific measure of poor sleep quality” (Buysse et al., 1989, p. 205). Seven participants 

were initially assessed as eligible based on this cutoff, though one of these was no 

longer sailing after completing the survey, so was excluded from the study. The six 

participants that participated in the MBD are referred to as P1, P2, P3, P4, P5, and P6 

throughout this study. Following conclusion of the study and doublechecking scores 

early February 2024, a scoring error was found in one of the intake surveys which 

mistakenly included P6 in the MBD, though they did not meet the cut off point for 

PSQI score. Because of this, only P1–P5’s MBD data was analysed to determine 

immediate intervention outcomes. Three participants completed the follow-up 

survey, one of which (P6) was the one whose PSQI scores were miscalculated. The 

intake and follow-up survey data for P6, as well as exploratory analysis of their EMU 
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diary data are still presented herein and included in the grouped exploratory analysis 

of EMU diaries. 

The five participants eligible for MBD analysis (P1, P2, P3, P4, and P5) included 

four participants who identified as male, and one who did not report their gender. 

Four identified as New Zealand European/Pākehā ethnicity, and one as Māori. They 

had a median age of 27 years (interquartile range 12 years) and they held a variety of 

responsibilities on board ship ranging from technicians to officers. All of the 

participants were day workers and some occasionally worked early morning, into the 

evening, or on call. Deviations from standard daytime hours were infrequent. Two 

night shifts were the most that any participant in this study worked over the course 

of the participation in the six-week MBD. To preserve anonymity, further specifics of 

working patterns are not reported. 

Structure 

Structurally, the study was split into two components. One component was 

the intake and follow-up questionnaire which assessed eligibility and longer-term 

changes in intake measures six months after the study’s conclusion. The core of the 

study was the MBD which consisted of three series, staggered one week apart. Two 

participants participated in each series, though they went through each component 

of the study independently of each other. This allowed for attrition of one participant 

per series while maintaining the minimum guideline of three participants at three 

times for demonstrating evidence of an effective intervention with MBD (Kratochwill 

et al., 2010). The beginning of baseline measurement was staggered to mitigate the 

confounding effect of long baseline phases for participants in later series (Byiers, 



C H A P T E R  5  

132 

2018). Each series contained three phases. From a single participant’s perspective, 

after the intake assessment and orientation, they were in baseline measurement 

phase for two weeks, intervention introduction phase for two weeks, and a follow up 

phase for two weeks. In structuring the methods to facilitate communication with RR 

and participants, intervention and follow up phases were described separately in the 

method. In analysing MBD results, visual analysis also considered differences 

between the intervention introduction phase and the follow up phase. For final 

decision making on the outcomes of the study, intervention introduction and follow 

up phases were concatenated, as they both represented the period of time after the 

intervention was introduced, which could not be withdrawn. The protocol for this 

study and intervention manual as given to RR working with the participants on 

board ship is provided in Appendix E. Below, Figure 5 graphs the temporal design of 

the study.  

Figure 5 

A Chart Showing the Series and Phases of The Study 

Figure 5: A Chart Showing the Series and Phases of The Study 
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Measures 

When measuring EMU, sleep, and performance, behaviourally measured and 

subjectively reported data can vary independently (Bernstein et al., 2019; Lin et al., 

2015; Mac Cárthaigh et al., 2020; Van Dongen et al., 2003). Therefore, both 

behavioural and self-report data was gathered throughout the timeseries component 

of the study for EMU-, sleep-, sleepiness/vigilance-, and fatigue-related variables. All 

measures were daily assessment, apart from the PVT which was assessed thrice 

weekly. Therefore, for assessing outcomes, approximately 14 datapoints per phase 

per participant were gathered for daily measures and six datapoints per phase were 

gathered for PVT. Intake and follow up assessment consisted of self-report trait EMU, 

sleep health, and fatigue measures. 

Intake and Follow-up Survey. Interested participants were emailed an 

information sheet and a link to complete the intake survey on Qualtrics 

(https://www.qualtrics.com/). Given difficulties with internet stability on board ship, 

a pen and paper survey was also created for participants to fill out for scoring (see 

Appendix K). Four participants completed this survey on Qualtrics, and four in 

paper-and pencil format. The final follow-up survey (see Appendix L) was 

administered only through Qualtrics. The intake survey contained the media use 

questions of the media and technology usage and attitudes scale (MTUAS), and 

questions to assess whether potential study candidates would be able to utilise the 

screen timing applications on their smartphones. These surveys also included the 

full scored section of the Pittsburgh sleep quality index (PSQI), the fatigue 

assessment scale (FAS), and demographic questions. The follow-up survey contained 

a reevaluation of the MTUAS, the PSQI, the FAS, and a chance for participants to 
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provide feedback.  Internal consistency was calculated for these three metrics using 

Cronbach’s α assessment with an aggregate of the 11 total responses to both the 

intake and follow-up surveys. 

Media and Technology Usage and Attitudes Scale. The MTUAS (Rosen et al., 

2013) contains nine subscales totalling 40 items measuring EMU frequency, two 

subscales with two questions each on online friendship metrics, and four subscales 

comprising 16 items that measure attitudes towards EMU (Rosen et al., 2013). The 

nine subscales assessing EMU frequency were administered to the participants 

during the intake and follow-up surveys. These subscales—smartphone usage, 

general social media usage, internet searching, e-mailing, media sharing, text 

messaging, video gaming, phone calling, and watching television—are each 

answered on 10-point scales indicating frequency ranging from 1 = “Never” to 10 = 

“All the time”. Often studies employ specific subscales of the MTUAS such as the 

smartphone usage subscale (Amez et al., 2020, 2021; D. A. Ellis et al., 2019; Khoo & 

Yang, 2021; Rashid & Asghar, 2016), and social media usage subscale (Barton et al., 

2021; K. Burke et al., 2021; Jun et al., 2020). An internal consistency estimate for the 

entire EMU frequency section was not found in the literature, though internal 

consistency estimates for each of the nine frequency subscales independently ranged 

from Cronbach’s α = 0.6–0.9 (Rosen et al., 2013). Subscale scores of the MTUAS are 

derived by calculating a mean of the scores that participants answered to their 

constituent items. For this study, an overall EMU frequency score was calculated by 

taking a mean of the subscale scores. Cronbach’s α = 0.703 was calculated, treating 
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subscale scores as individual items within the overall MTUAS frequency score 

(hereafter referred to as MTUAS).   

Pittsburgh Sleep Quality Index. The PSQI (Buysse et al., 1989) contains 19 self-

report items relating to participants’ subjective assessment of their sleep health. 

Extra unscored questions to be answered by sleeping partners were omitted. The 

PSQI is commonly used in research to assess sleep quality across a multitude of 

clinical and nonclinical settings, including with Navy sailors in the United States of 

America and as a self-report sleep assessment in EMU-related studies (e.g., Exelmans 

& Van den Bulck, 2016; Matsangas & Shattuck, 2020; Mollayeva et al., 2016). The PSQI 

total score is calculated as a sum of seven components (each scored from 0-3): 

subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep 

disturbances, use of sleep medication, and daytime dysfunction (Buysse et al., 1989). 

PSQI scores range from 0–21, with 0 indicating the best sleep quality and 21 

indicating the worst sleep quality. The original cutoff score of >5 was used as an 

eligibility cutoff to select participants for the study. In the PSQI inception study it 

showed a sensitivity of 89.6% and a specificity of 86.5% for identifying sleep 

disturbance (Buysse et al., 1989). In this initial validation study, PSQI demonstrated 

adequate internal consistency, Cronbach’s α = .83 (Buysse et al., 1989). Cronbach’s α 

= 0.79 in the current study. 

Fatigue Assessment Scale. The FAS (Michielsen et al., 2003, 2004) contains 10 

items measured on seven-point Likert-type scales designed to measure subjective 

fatigue. The FAS comprises a combination of items from other fatigue related scales: 

the checklist individual strength (Bültmann et al., 2000; Vercoulen et al., 1994), the 
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World Health Organization quality of life assessment instrument (The WHOQOL 

Group, 1998), the fatigue scale (Chalder et al., 1993) and a unique item related to 

mental fatigue (Michielsen et al., 2003). The scale has demonstrated good internal 

consistency as a unilateral measurement of fatigue: Cronbach’s α = .87–.90 

(Michielsen et al., 2003, 2004). The FAS has shown discriminant validity from scales 

of depression and emotional stability (Michielsen et al., 2003) and has been used to 

assess fatigue in a study on shift workers in the US military aviation sector 

(Tvaryanas & Thompson, 2006). The FAS was featured in a review by Sagherian and 

Geiger Brown (2016) as an appropriate and well validated scale for measuring 

unidimensional fatigue in shift workers. It was also employed by Exelmans and Van 

den Bulck (2016) in their study on EMU as a sleep aid. This scale was administered to 

assess longer-term fatigue experiences as part of the intake and follow-up 

assessments for the current study. Cronbach’s α = 0.81 in the current study. 

Timeseries component. Participants completed ongoing measures through 

the three phases of the study. Most of these were daily measures compiled into Daily 

measures books (Appendix M), and a sleep/duty/EMU logbook (Appendix N). 

Participants also wore an actigraphy watch for the duration of their time in the 

timeseries component and completed three 10-minute PVTs per week. Actigraph and 

PVT logs (Appendices O & P) facilitated data parsing and identification. 

Samn Perelli Fatigue Scale. Initially named the Samn Perelli Crew Status 

Check (Samn & Perelli, 1982), now generally named the Samn Perelli fatigue scale 

(SPFS; e.g., Centofanti et al., 2020; Gregory et al., 2021), the SPFS is a single-item, 

seven-point scale with lexical anchors for each point originally designed to measure 
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acute fatigue of aircrew in the United States Air Force (Samn & Perelli, 1982). The 

form and content of this scale has subtly changed since its inception with an unclear 

history (e.g., removing “Extremely Peppy” from the anchor for a score of one and 

removing the “workload estimate” section of the scale; cf. Gander et al., 2014; Samn & 

Perelli, 1982). Nevertheless, SPFS is a widely used assessment instrument in sleep and 

fatigue studies (e.g., Y.-H. Chang et al., 2019; Gander et al., 2013, 2014; Gregory et al., 

2021; Powell et al., 2011 see also Centofanti et al., 2020; Dorrian et al., 2011; Lamp et 

al., 2019). Scores in the SPFS are sensitive to changes in acute fatigue levels and have 

shown convergent validity with PVT performance (Arsintescu et al., 2020; Baulk et 

al., 2009; Samel et al., 1997). Higher scores indicate more acute fatigue and scores 

greater than four are commonly associated with significant safety concerns in high-

risk occupations (International Civil Aviation Organization, 2016, Chapter 5). The 

SPFS was selected to be a useful brief assessment of subjective fatigue and included 

in participants’ daily measures books (Appendix M), labelled simply as “Fatigue 

Scale”. 

Karolinska Sleepiness Scale. The Karolinska Sleepiness Scale (KSS; Åkerstedt 

& Gillberg, 1990) is a single-item, nine-point measure of subjective sleepiness. The 

scale contains lexical anchors for odd numbered scale items, with opportunity for 

participants to rate their sleepiness between each anchor. Higher scores indicate 

greater sleepiness. In its inception study, Åkerstedt and Gillberg (1990) revealed a 

curvilinear relationship between ratings on KSS and physiological sleepiness: alpha 

and theta activity patterns associated with sleepiness were observed in 

electroencephalogram assessment when participants reported scores of seven—

“sleepy – but no difficulty remaining awake”—and above. Recent developments have 
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shown evidence for electroencephalogram changes associated with lower KSS scores 

(Putilov et al., 2019). The KSS is a benchmark scale by which other scales of similar 

constructs are validated (e.g., Putilov et al., 2019). The KSS has been used for 

measuring sleepiness across various contexts and experimental protocols (Baulk et 

al., 2001; Bjorvatn et al., 2021; Geiger Brown et al., 2014; Kaida et al., 2006; 

Maghsoudipour et al., 2018; Waage et al., 2012). There are two versions of the KSS in 

wide circulation, one with anchors on each step, and one with anchors on odd 

numbered steps. In a comparison study the two versions were found to be essentially 

equivalent (Miley et al., 2016). Due to the time saved by having participants only 

needing to read five rather than nine lines in order to make their rating decision, the 

original KSS, with anchors on the odd numbered steps was used for the current study. 

In the daily measures books (Appendix M), KSS was labelled “Sleepiness Scale” and 

used as a subjective daily measure of acute sleepiness. 

Duty / Sleep / EMU logbook. A “Duty / Sleep / EMU logbook” (Appendix N, 

hereafter logbook) was provided for participants to report bed/wake times, working 

periods, and EMU periods exceeding 10 minutes. These logbooks were used to 

support actigraphy analysis, and also contributed to subjective understandings of 

sleep, work, and EMU time. The use of a visual scale to capture time periods was 

decided upon for its brevity, compactness, and ease of administration. Each hour of 

the visual time scale was designed to be 10mm, to allow for quick conversion between 

spatial log marks and time measurement. Accompanying these on each page, a 

morning measurement section prompted participants to perform a daily note down 

of the previous day’s total screen time from any native screen timing application 

available on their smartphones. The morning measurement section of the logbook 
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also contained a truncated PSQI widely used for rapid daily reporting of subjective 

sleep quantity and quality (e.g., Lanaj et al., 2014; Liu et al., 2020; Sonnentag et al., 

2008). In the truncated PSQI, participants estimated their TST from the night just 

been in hours and minutes and rated their sleep quality on a four-point scale: “Very 

good”, “Fairly good”, “Fairly bad”, and “Very bad”. These were scored from 1–4, 

respectively; higher scores indicated worse subjective sleep quality. 

Psychomotor Vigilance Tasks. For a behavioural measure of vigilance and 

fatigue propensity, participants completed a 10-minute PVT three times per week, on 

Tuesday, Thursday, and Friday afternoons during the MBD. PVTs (Dinges & Powell, 

1985) are serial reaction time tests that require participants to respond as rapidly as 

they can to stimuli that appear at randomised intervals within certain parameters 

(See Appendix D for setup instructions and Appendix G for participant instructions). 

The portable PVT-192 (Ambulatory Monitoring, n.d.-b) was used. PVT-192 is a 

standalone portable hardware to run, collect and store automatic PVTs and their 

data. PVT-192 has been described as the "gold standard" in PVT administration 

(Reifman et al., 2018, p. 39). Two PVT-192 units were provided for the current study by 

the Sleep Wake Research Centre at Massey University. In these 10-minute tasks, 

participants respond as rapidly as possible to visual stimuli as they appear on a small 

LCD screen. Interstimulus intervals were set to 2,000ms minimum and 10,000 

maximum. A PVT log (see Appendix O) was placed next to the PVT-192 so that 

participants could write down their time of use and their identification codes to 

facilitate data identification. 
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Actigraphy. To provide behaviourally measured sleep data, participants wore 

a Micro-Motionlogger (Ambulatory Monitoring, n.d.-a) on their non-dominant hand 

for the duration of the 6-weeks they were in the MBD component (See Appendix D for 

setup instructions and Appendix G for participant instructions). Micro-

Motionloggers employ a calibrated tri-axial accelerometer, along with a light sensor, 

temperature sensor, and event marker button to infer rest and activity periods 

(Ambulatory Monitoring, Inc., n.d.-a). Actigraphy has been described as an effective 

method for capturing behavioural data as it relates to sleep (Buysse, 2014). Wrist 

worn actigraphy has been employed to measure sleep parameters in US Navy in 

rough seas (Matsangas et al., 2015). The Micro-Motionlogger hardware specifically 

has been effectively used in previous studies with NZDF personnel (Edgar et al., 2021) 

and more recently with US Navy submariners (Chabal et al., 2024). An Actigraph 

assignment log (See Appendix P) was kept by RR so that participant identification 

codes could be linked to their Actigraphy watch serial numbers. 

EMU Diary. During the intervention phase, participants were introduced to 

the EMU diaries (see Appendix Q) as part of the intervention, and through which 

more fine-grained EMU data were reported. They continued to use this diary during 

follow-up phase. As EMU diaries were not captured at baseline phase, these were not 

used as outcome measurement. However, EMU diaries were collected for exploratory 

analysis. Accompanying EMU diaries, in the intervention workbook, participants 

completed an EMU audit to document the hardware they were using to support 

categorising EMU diary entries. The EMU diaries themselves were A6 sized 

pocketbooks with spaces for participants to report beginning and end use times, 

intended hardware and activities, and extra hardware and activities. 
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Procedure 

From each participants perspective, the study began with the intake survey, 

following which they met with RR for an orientation session just prior to beginning 

the MBD component. An actigraphy watch was provided during orientation and they 

were trained in the use of the PVT. They were given the first of the daily measures 

books to be carried with them and given the logbook to keep in their quarters. Day 1 

for each participant began on the Monday following their orientation session. 

Beginning day 1 and running through to the final Sunday six weeks later (day 42), 

participants wore their actigraphy watches, filled out their logbooks, and completed 

daily measures and thrice weekly PVTs on Tuesdays, Thursdays, and Fridays, aiming 

for PVT measurement and daily KSS and SPFS ratings at the same time each day. 

After two weeks of their baseline measurement phase were complete, each 

participant began the two-week intervention phase. In the first intervention session 

on Monday, day 15 for each participant, the EMU diaries were introduced. 

Participants attended a total of four half-hour sessions—two per week—with RR, 

scheduled on Mondays and Wednesdays, so that they did not overlap with days that 

they completed their PVTs. Two weeks of follow-up assessment followed while 

participants continued to complete their EMU diaries to assess for stability of 

changes in the absence of ongoing intervention sessions. This continued until 

midway through each participant’s day 42, when materials were collected and stored 

by RR. Follow-up surveys were emailed to participants to complete approximately six 

months later. 
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Data Treatment 

Clarifying Temporal Terminology. For describing time in the MBD 

component, clarification is required for terminology used in the results: Night n 

denotes the 24h period beginning at midday on day n and concluding midday on day 

n+1. The term study before day and night refer to the time course of the entire MBD 

component of the study, that is, excluding the intake and follow up assessments. 

Study day 1 began at 0000h on 25 October 2021, and the MBD component concluded 

at 2359h on study day 56, 19 December 2021. The terms day or night used 

independently of study refers to an individual participant’s perspective on their MBD 

component. P1 and P2 began day 1 on study day 1, 25 October 2021; P3 and P4 began 

day 1 on study day 8, 1 November 2021; P5 and P6 began their day 1 on study day 15, 8 

November 2021. Each participant completed the follow-up phase of the MBD on their 

day 42. For P1 and P2 this was on study day 42, 5 December 2021, for participants 3 

and 4 this was on study day 49, 12 December 2021, for P5 and P6 this was on study day 

56, 19 December 2021. Night 41 was the last night of data collection; for P1 and P2, 

from the 4–5 December 2021, for P3 and P4 from the 11–12 December 2021, and for P5 

and P6 from the 18–19 December 2021. For MBD charts, one day was subtracted from 

the day on which yesterday’s screentime was reported in order to create a screentime 

variable that was associated with the day the screentime occurred rather than the day 

when it was reported from inbuilt screen timing software. All duration metrics were 

converted to minutes to facilitate comparisons. Participants were instructed to 

maintain measurement according to the time set on their actigraphy watches in case 

of time zone changes while on duty. Time zone changes were accounted for as study 

events (see Appendix R). 
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Calculating Reliable Change.  A reliable change Index (RCI) was calculated 

for the MTUAS, PSQI, and FAS following the method outlined by Blampied and 

Fitzgerald (2016). The RCI is a cutoff threshold for identifying reliable change in 

clinical measures for single cases such as the intake/6-month-follow-up assessment 

from the current study. Importantly, RCI cannot establish causal effects of an 

intervention as other uncontrolled variables may change scores, though RCI can 

evaluate whether changes in an outcome measure may be due to random 

measurement error.  To calculate RCI, subscale SDs were retrieved from the original 

study for the MTUAS (Rosen et al., 2013) and a pooled SD = 2.27 for the MTUAS was 

approximated based on the analysed and compiled subscales for the MTUAS in the 

current study (Cohen, 1988). Cronbach’s α = 0.703 based on the current estimate

meant an RCI of 3.42 indicated reliable change between the intake and follow-up 

surveys for the MTUAS. For the PSQI, an RCI = 6.4 was calculated from the current 

study’s Cronbach’s α = 0.79, and the SD from the original PSQI study = 5.1 (Buysse et

al., 1989). For the FAS, an RCI = 7.87 was calculated from the current study’s 

Cronbach’s α = 0.81, and the SD from the initial FAS validation study = 6.52

(Michielsen et al., 2003). 

Actigraphy Data Analysis. Actigraphy data was analysed with Action-W 

(Ambulatory Monitoring, n.d., -a). To estimate behavioural sleep metrics, down 

intervals, the period of time where a participant is assumed to be in bed and 

attempting sleep, were inferred by triangulating data from sleep logs, and the 

activity, light, temperature, and event marker data from the actigraphy watch. To 

assess the accuracy of this triangulation, 20% of nights’ data (41 nights) from the final 
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analysis of P1–P5 were randomly selected to be subject to interrater reliability 

assessment. An independent trained rater who signed a confidentiality agreement 

(see Appendix F) provided a second estimate of down intervals which were then 

compared to the original estimates. Down interval boundaries occurring within 15 

minutes were considered as in agreement. Initial interrater reliability was 81.70%. 

Disagreements were discussed and reconciled. Interrater agreement following 

discussion was 100%. There was one night measured by P5 where the actigraphy data 

indicated that the watch was not worn, this night (study night 23) was marked as a 

bad period and treated as missing data. Aside from that night, P1–P5 appeared to 

have worn their actigraphy watches consistently throughout their sleep periods. The 

Cole-Kripke sleep estimation algorithm was applied with rescoring rules to the down 

intervals (Cole et al., 1992; Fekedulegn et al., 2020; J. B. Webster et al., 1982). With 

actigraphy, the following sleep-related metrics were assessed: TIB, TST, WASO, SE, 

and SOL.  

PVT Data Analysis. Data from the PVTs were parsed and analysed with the aid 

of REACT software (Ambulatory Monitoring, n.d.-b). As lapses were rare, reaction 

time data was used as the primary vigilance metric. The reaction time data in 

milliseconds was transformed to its reciprocal, and multiplied by 1000 for an index 

of response speed; the reciprocal reaction time (RRT; e.g., Basner & Dinges, 2011). 

Four metrics were calculated from the RRT. The first was a mean RRT over the whole 

10-minute PVT, the second was the mean RRT of the slowest 10% of responses, and 

the third was the mean RRT of the fastest 10% of responses, each respectively giving 

insight into overall, and lower-, and upper-ends of vigilant performance (Basner & 

Dinges, 2011; Dorrian et al., 2011; Gander et al., 2014; Van Dongen & Dinges, 2005). 
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The regression slope of RRT as a function of time over the course of the 10-minute 

test was used to assess the time on task effect of the RRT, as a behavioural measure of 

fatigue accrual as a function of time on task and so was used to infer fatigue 

propensity (e.g., Balkin & Wesensten, 2011). 

Time of Day Influence for Time Sensitive Measures. Time-of-day is likely to 

impact vigilance/sleepiness and fatigue metrics (e.g., Balkin & Wesensten, 2011; 

Gander et al., 2015). The influence of time of day of assessment was investigated for 

trends within participants’ SPFS, KSS and PVT mean RRT and RRT vs minute slope 

scores. These scores were each charted as a function of time of day to assess this 

influence. Time of day as a function of study day was also charted to assess for 

systematic time of day patterns over the timeseries component. In self-report 

measures, P2’s scores showed a correlation between time of day and scores on the 

KSS and SPFS, though they did not show any systematic timing changes over the 

study. Conversely, P3 showed a systematic change in the time of day over the study, 

though did not show any relation between time of day and their self-report scores. 

Therefore, no adjustments were made, nor any outliers removed for any self-report 

data. In the PVT metrics, P1’s RRT vs minute slope showed a marked curvilinear 

relationship when plotted against time of day of testing as well as systematic change 

in time of day of testing over the course of the study. A binomial trendline 

approximating this effect of time of day on testing was calculated for each of the RRT 

vs minute slope scores of each participant in Microsoft Excel (Version 2406, Build 

17726.20160). The best-fitting binomial functions were subtracted from the observed 

scores to provide a further variable, named RRT vs minute slope corrected for time of 
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day to be analysed alongside the raw score timeseries charts (see Appendix S for an 

account of this process).  

Single Case Research Design Data Analysis Method.  

With MBD, visual analysis is the primary way of judging the presence of a 

relationship (Krasny-Pacini & Evans, 2018; Kratochwill et al., 2010). Traditional 

conventions for MBDs require having three clear effects measured at three different 

times in order to demonstrate evidence of a causal relationship (Dowdy et al., 2022; 

Kratochwill et al., 2010). To facilitate understanding the relationships between the 

intervention and outcome measures, timeseries graphs were drawn up, printed, and 

analysed by hand according to level changes, monotonic trends, variability of scores, 

overlap between phases, immediacy of any observed effects, and consistency of any 

patterns of change between participants in similar phases in the study. Visual 

analysis considered both intervention introduction and follow-up phases separately 

and conjointly to assess for patterns of change. 

Major study events reported by RR are presented along with the study phase 

shifts in Appendix R. The chart in Appendix R was designed to be printed at the same 

scale as the timeseries charts that were used in visual analysis. Eighty-five timeseries 

charts were created, 17 for each of the five participants that were eligible for 

timeseries analysis. The following outcome measures charted for each participant in 

the MBD analysis (see Appendices T-X): logged EMU time, phone screentime, 

estimated sleep duration, sleep quality, TIB, TST, WASO, SE, SOL, KSS score, PVT 

RRT means for fastest 10% of responses, PVT RRT means overall, PVT RRT means for 

the slowest 10% of responses, SPFS score, RRT vs minute slopes, and RRT vs minute 
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slopes corrected for time of day. Duty time was also assessed for each of the five 

included participants when analysing data, however, save for duty times of P1 and 

P2—who both showed a sharp increase in duty time at the beginning of their 

intervention phases, likely due to the beginning of a new sailing coinciding with their 

beginning intervention phase—no substantial patterns were noted in the duty time 

charts that warranted their presentation over the interests of anonymity. 

Baseline phase stability was algorithmically determined by evaluating 

whether more than 80% of points fell within 15% of the median baseline score (Lobo 

et al., 2017). Percentage nonoverlapping data (PND) analysis (Scruggs et al., 1987; 

Scruggs & Mastropieri, 1998) was employed to supplement visual analysis. PND 

analysis involved a calculation of how many datapoints fell outside of the lower or 

upper extremes of data from the baseline phase. PND provided a consistent and 

objective means of evaluating the intervention outcomes to augment visual 

inspection with a reliable metric (Scruggs & Mastropieri, 2013).  For PND calculations, 

intervention introduction and follow-up MBD phases were conjoined as they both 

represented the time after the intervention—the independent variable in this study—

was introduced. PND scores above 50% was the cutoff for considering that any effect 

had occurred within the MBD component, unless visual analysis clearly indicated 

otherwise (Scruggs et al., 1987; Scruggs & Mastropieri, 2013). 

Exploratory Analysis Method 

Participants returned their EMU diaries to RR at the conclusion of their MBD 

component. Data from these diaries were collated and subject to descriptive analyses. 

Data from P6 was also analysed as part of this process. For each participant, activities 
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engaged in were simplified from their notes. Time spent on each activity was 

tabulated, separated by hardware used. From the EMU diary data, the time spent on 

extra activities compared with intended activities could not be measured. Therefore, 

only the intended activities were tabulated from entries that time spent was able to 

be inferred. This resulted in a measure of how much time was spent when intending 

to engage in certain EMU. For time duration reporting of individual results, 

identifiable activities were obfuscated, for example if only one participant played a 

certain game, names of these were changed to “game” in order to protect anonymity 

as participants could possibly be identified by the specific games that were played.  

A Sankey diagram was created for each participant, and for an aggregate of all 

participants’ EMU diary entries. Sankey diagrams are flow charts that show flows of 

energy (e.g., Bostock, 2023). In this case, the Sankey charts graphed links between 

intended hardware, intended activities and extra hardware and extra activities. 

These flow charts were based on all EMU diary entries, including ones where timing 

was not reported, to show a flow of attention, rather than time spent. Sankey charts 

were created in R (Version 4.4.1) using the Network D3 package (Allaire et al., 2014). 

EMU diary entries were also used to create two donut charts. For one donut chart, 

entries with start and end times were categorised based on whether the hardware was 

identified as communal in the EMU audits to display the amount of time spent using 

communal vs non-communal electronic media. For the other donut chart, all entries 

were grouped and categorised based on how they documented their activities. This 

categorisation employed the five-lens EMU framework (see Chapter 1) to gain insight 

into how participants described their EMU in the diaries.  
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Results 

The results of this study are summarised in aggregate below. As there were 

many outcome measures in this study totalling approximately 70 pages of graphs, 

these have been reported for each participant independently in the appendices. 

Major study events are charted in Appendix S; Individual results including MBD 

results for P1–P5 are presented in Appendices T–X. Results for P6 are presented in 

Appendix Y. 

Intake and Follow-up Surveys 

 In the intake and follow-up surveys, all participants noted that they regularly  

use a smartphone, and all answered that they have social media accounts. There was 

no missing data from these surveys. P1 and P6 were not able to access screentime 

recordings from their mobile phone screen time applications. The two MBD eligible 

participants that completed both intake and follow-up questionnaires (P2 & P3) each 

showed reliable decrease in fatigue as measured by the FAS in the follow-up survey. 

P6 also showed substantial decrease in the FAS, though this decrease was less than 

RCI threshold. P2 also showed reliable improvement in sleep quality as measured by 

the PSQI. P3 showed improvement in PSQI, though under RCI threshold. While 

MTUAS measures of EMU decreased for all participants that completed both surveys, 

these were all below RCI threshold. Table 3 charts intake and follow up survey scores 

for the six participants. 

Multiple Baseline Design Timeseries Results 

All six participants completed the study in their expected timeframes. The 

only change in schedule reported by RR was the fourth intervention session for P3 
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and P4 being postponed by one day (occurring on study day 32 rather than 31). 

Allowance for slightly delayed sessions was built into the study design, and 

intervention sessions were not expected to have immediate effects, so this time shift 

would not have substantially influenced results. Despite P1 not reporting inbuilt 

screentime application data in their intake survey, they were able to report this in the 

MBD component. There were few instances of missing data across the timeseries 

measures. None of the missing data led less than three datapoints per phase to be 

assessed for any participants. There appeared to be no systematic patterns 

influencing missingness so these missing datapoints were treated as missing 

completely at random and ignored (Aydin, 2024). Percentage of missing data for P1 = 

2.85%; for P2 = 0.57%; for P3 = 1.14%, for P4 = 0.57%; and for P5 = 1.71%. 

Table 3  

Intake and Follow-Up Scores 

Measures Participants 

  P1 P2 P3 P4 P5 P6 

MTUAS 6.09 5.79 (5.03) 7.02 (4.66) 6.15 6.4 4.77 (4.35) 

PSQI 9 10 (3) * 12 (8) 7 14 3 (4) 

FAS 28 31 (22) * 29 (20) * 25 26 19 (12) 
 

Note. Brackets denote scores on the 6-month follow-up survey.  

*Reliable change based on RCI.  

EMU. Overall, the intervention appeared to only exert a subtle effect on any of 

the daily EMU measures. While EMU as measured through screentime applications 

Table 3:Intake and Follow-Up Scores 
 



T E S T I N G  T H E  I N T E R V E N T I O N  

151 

showed a surprisingly sharp immediate drop for P1 and P2 between baseline and 

intervention phases, this same drop was seen in the middle of baseline EMU 

measurements for P3 and P4. This was best explained through the ship leaving for a 

new sailing on study day 15. P2 also increased their use of other EMU as reported in 

their time logs after intervention introduction, though this was not reflected in their 

screentime measures, likely as audio content was apparently not captured in their 

screen timing application. P5 showed a slight decrease in both subjective and 

objective EMU following the introduction intervention session, however this was in 

line with a decreasing trend and consistent with highly variable baseline data. Figure 

6 shows a compiled MBD graph for P1–P5 EMU time variables. 

Sleep.  Estimated nightly sleep duration and sleep quality showed minimal 

change from baseline into the intervention phase for P1 and P2. Trends for these 

participants were approximately even. While highly variable, the sleep outcomes 

scores for P1 and P2 did not show any consistent changes that could be attributed to 

the intervention’s impact. For P3, a highly variable TST in baseline did not reach 

above baseline measurements after intervention introduction. For P3, the upwards 

trend in subjective TST was seen in actigraphy TIB measurements, although was not 

reflected in actigraphy TST. P3’s WASO increased from baseline during intervention 

introduction and their SE showed a downward trend after intervention introduction, 

jumping back to above baseline again two weeks later, appearing to reflect a 

fortnightly duty time pattern. For P4, no changes were noted in subjective sleep 

satisfaction following the introduction of the intervention. For P4, one marked 

outlying night with long SOL, WASO, and lowered SE noted in actigraphy occurred 

following the ship leaving cell phone reception, and approximately when “clocks 
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moved back one hour” twice in two days as reported by RR. For P4, EMU log time and 

phone screentime estimates were relatively low on these days, so the disrupted sleep 

was likely due to other factors. Interestingly, subjective reporting of sleep quality and 

TST impressions for P4 did not reveal these anomalous nights. For P5, subjective TST 

and sleep quality remained variable and similar across phases. While in baseline, P5 

did not note that their sleep quality was “very good” for any nights. After the 

intervention was introduced, there were two nights where P5 rated “very good” sleep. 

For P5, actigraphy results reflected a relatively stable pattern, with some disrupted 

sleep later in the study. In actigraphy assessed TST for P5, there was one sleepless 

night in baseline, and six relatively sleepless nights after the intervention was 

introduced, one of which had extended SOL, and short TST. These anomalous nights 

were not echoed in their estimated TST, so may have been measurement error in the 

actigraphy. Overall, no consistent effect of the intervention on sleep metrics was able 

to be found for any of the participants sleep health outcomes. As an example, Figure 7 

graphs logbook’s estimated TST and actigraphy assessed TST for P1–P5 over the 

course of the MBD component of the study. 

Sleepiness and Vigilance.  KSS scores were highly variable within phases for 

all participants and showed no marked between phase changes, save for P1 and P5 

who showed slightly increased sleepiness scores at the very beginning of 

intervention introduction phase. These effects coincided with increased duty at that 

time. For the average RRT in the PVTs, P1’s speed showed a relatively stable baseline, 

an increasing trend during intervention introduction, and a downward trend during 

follow-up phase. This same pattern was more exaggerated in their mean RRT for their 

slowest 10% of responses, and subtler in their fastest 10% of responses. P2 showed a 
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similar pattern to P1, though P2 showed no trend during intervention introduction 

phase. While P2’s overall mean RRT and mean RRT of slowest 10% of responses 

declined at the end of follow-up phase, their mean RRT for the fastest 10% of 

responses remained high and at level with baseline. P3 showed stable within phase 

variability for mean RRT, with one marked lower RRT at the end of intervention 

introduction phase for both mean RRT and mean RRT of slowest 10% of responses, 

although fastest 10% RRT was more robust to this fluctuation. P4, on the other hand, 

showed a declining trend in mean RRT measures over baseline measurement, which 

appeared to become an upward trend during intervention introduction phase, 

although stabilising at a lower level in follow-up phase. P5 showed a similar pattern 

of increased mean RRTs comparing baseline to intervention introduction phase, and 

then slower and more variable metrics in follow-up phase for mean RRT, although 

similar variability between phases was observed for each slowest and fastest 10% of 

responses. As a summary, Figure 8 shows mean RRTs timeseries charts graphed 

against KSS scores for P1-P5. Note that in Figure 8, Mean RRTs are mapped on a 

reverse scale so that elevated lines for both measures indicate higher sleepiness and 

lower vigilance. 

Fatigue. SPFS scores for P1 and P2 were highly variable across the study, with 

no notable changes that could be attributed to the intervention. While P3 showed a 

highly fatigued measure (SPFS score of 7) on the second day of intervention phase, 

this was a singular occurrence and balanced with a downward trend after 

intervention phase. P4 showed an increasing trend of SPFS estimated fatigue over 

both baseline and intervention introduction phase, with the trend stabilising during 

follow-up phase, their scores hovering around their overall median of 5 and 
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overlapping completely with the variable and upwards trending scores in baseline 

measurement, though showing no ceiling effect. P5 showed no trend within phases in 

subjective fatigue scores, with similar medians (SPFS score 5) in baseline and 

intervention introduction phases, though their median SPFS score increased to 6 in 

follow-up phase. Fatigue propensity as evaluated through RRT vs minute slopes for 

P1 showed increased fatigue propensity after intervention introduction. When 

correcting P1’s scores for time of day of assessment, this declining performance 

disappeared, so may have been due to change in measurement time between these 

phases. P2 and P3 showed high within-phase variability and relatively unchanged 

fatigue propensity from baseline to after intervention introduction. P4 showed an 

increase in variability of fatigue propensity from baseline to after intervention 

introduction though no other marked changes. P5 showed increased fatigue 

propensity after intervention introduction. Figure 9 presents SPFS scores plotted 

alongside PVT RRT vs. minute slopes. 

Percentage of Nonoverlapping Data. To supplement and simplify the results 

of the timeseries component, PND in the direction of anticipated effects is presented 

in Table 4. Table 4 shows that overall, no consistent effect of the intervention was 

found on any of the outcome measures for P1–P5 during the MBD component of the 

study.  
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Figure 6 

EMU Outcomes Multiple Baseline Design Chart 

  
Figure 6: EMU Outcomes Timeseries Charts 
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Figure 7 

Total Sleep Time Multiple Baseline Design Chart 

 
Figure 7: TST timeseries chart 
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Figure 8 

Sleepiness and Vigilance Multiple Baseline Design Chart 

Note. (KSS) Karolinska Sleepiness Scale; (RRT) reciprocal reaction time, response 

speed; (PVT) psychomotor vigilance task. Mean RRTs mapped on a reverse scale so 

that elevated lines for both measures indicate higher sleepiness and lower vigilance. 
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Figure 9 

Fatigue Multiple Baseline Design Chart 

 

Note. RRT vs minute slopes are plotted on a reverse axis so that higher marks 

represent greater fatigue propensity (i.e., more negative RRT slopes over the course 

of the 10 minute PVT). 
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Table 4 

Percentage of Nonoverlapping Data in Direction of Expected Effect

Outcome +/- a Participant 
P1 P2 P3 P4 P5 Effect 

EMU % % % % % 
Subjective 
     Logged EMU time - 14 4* 0 4 36 No 
Objective 

 App screentime - 19 63 4 0 37 No 
Sleep 
Subjective (modified PSQI) 

 Subjective sleep duration + 42 0 4 4 0 No 
     Subjective sleep quality - 0 0 26 4 7 No 
Objective (actigraphy) 

  

 TIB + 22 0 0 26 0 No 
 TST + 11 0 0 4 0 No 
 WASO - 7 30 4 0 5 No 
 SE + 11 30 12 0 5 No 
 SOL - 0 4 12 0 0 No 

Vigilance/Sleepiness 
Subjective daily measures 
     KSS - 0 0 15 0 0 No 
Objective PVT metrics 

  

 Mean RRT + 20* 8* 9 8 18 No 
 Mean RRT Slowest 10% + 20 8 9 8 36 No 
 Mean RRT Fastest 10% + 20 0 0 16 0 No 

Fatigue 
Subjective daily measures 
     SPFS - 0 0 0 0 7 No 
Objective PVT metrics 

  

 RRT/Minute slope + 0* 0 28 33 0 No 
 RRT/Minute slope corrected for  
 time of day 

+ 0 0 28 25 0* No 

Table 4: Percentage of Nonoverlapping Data in Direction of Hypothesised Effect 

Note. a "+" and "-" signal whether we expected values to increase above baseline, or 

decrease to below baseline, respectively. Percentages of nonoverlapping data are 

reported in this direction though were measured in both directions (see Appendices 

T-X).  

“*” indicates greater than 50% PND in the opposite direction to expected. 
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PND values over 50%, indicate at least a questionable effect in either direction; 

signalled through bold typeface. PND was rounded to the nearest whole number 

value in this table. Underlined entries denote stable baselines calculated as >80% of 

baseline data falling within ±15% of median baseline value (Lobo et al., 2017). The 

final column headed with Effect, is based on the requirement that a stable effect be 

observed across three time periods to provide robust evidence of an effect 

(Kratochwill et al., 2010). See Appendices T–X for timeseries charts for P1–P5. PND for 

both directions are reported in full in the notes of the charts of respective appendices 

for each participant.  

Exploratory Analysis of the EMU Diaries’ Contents 

Table 5 documents, for P1–P6, the number of entries noted in their EMU 

diaries, the percentage of entries from which EMU time spent could be inferred, and 

the total number of minutes accounted for by these entries after intervention 

introduction for each participant. Analysed qualitative EMU diary data, as well as 

pre- and post-test analyses are presented for P6 in Appendix Y. 

Documenting EMU Activities. In their EMU diaries, participants were asked 

to identify any expected and extra activities that they engaged in while they were 

engaging in EMU. In Chapter 1 of this thesis, a framework was introduced for 

understanding different frames through which EMU could be understood. For 

interest, all entries that were made in the activities columns in the EMU diaries were 

analysed and categorised into the different aspects of this five-lens EMU framework 

to ascertain how participants generally described their EMU. Figure 10 shows this 

aggregated analysis in a donut chart.  
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Communal or Personal. In their EMU audits, participants were asked to 

identify the hardware that they would be noting in their EMU diaries and whether 

the hardware was communal or personal. Figure 11 charts time spent on intended 

hardware, categorised based on weather audits identified it as being personal or 

communal. Figure 11 was created from entries that included both start and end times 

so that time spent could be inferred on a donut chart. Figure 11 shows that the 

majority of time spent on EMU was when participants were engaging with personal, 

noncommunal hardware; 30% of EMU time was spent using communal hardware. 

These entries often included watching TV or movies or engaging in or watching other 

people gaming on communal hardware such as the TV in the mess. 

Table 5 

Number of EMU Diary Entries and Time Accounted for by Participants 

Participant Total number of 
entries (n) 

% of entries where 
time can be 
calculated 

Total time  
From time-calculatable entries 

(min) 
P1 93 17% 1,420 
P2 111 98% 19,062 
P3 106 100% 3,663 
P4 79 100% 4,681 
P5 21 95% 540 
P6 36 97% 2,559 

Table 5: Number of EMU Diary Entries and Time Accounted for by Participants 
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Figure 10 

Entries in EMU Diaries Categorised by the Five-Lens EMU Framework 

 

Figure 10: Pi chart of total entries in EMU diaries categorised by the Five-Lens EMU framework 
Note. The largest portion by of EMU described in the diaries by a small margin was 

through the content lens with a slightly smaller portion viewed through the software 

lens. Each word or phrase in the entries were categorised once. If entries had multiple 

elements (e.g., “watching movie” then each element of the listing was categorised, for 

example, User (watching) and Content (movie). 
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Figure 11 

Time Spent when Intending to Engage in Personal or Communal EMU 

Figure 11: Aggregate Pi chart of Time Spent when Intending to Engage in Personal or Communal EMU 
Note. Approximately 1% of data was unknown as the hardware listed in the EMU 

diary was not accounted for in the EMU audit sheets. 

Flow of Activity. A Sankey chart showing the flows of EMU activity from 

intended to extra is presented in Figure 12 – fold out. Figure 12 is an aggregate of all 

six participants’ EMU diary entries. Figure 12 shows that overall, TV and phones were 

the most used intended hardware, with fewer, though still prominent use of game 

consoles and iPads. The majority of intended activities were movies, TV, Netflix, and 

gaming, with less common though still prominent white noise and social media 

amongst other intended activities. Phones predominated extra hardware, and a 

diversity of activities were engaged in as extra activities, most commonly, though 

only by a small margin was gaming as an extra activity.

Figure 12 

A Sankey Diagram Summarising the Entries of the EMU diaries for all Participants 

(unfold)
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Feedback 

Participant Feedback. In the follow up questionnaire, participants were asked 

what they found the most helpful about the intervention or study. One answered that 

they found it helpful that the intervention was balanced in its view of EMU. One 

noted that they found it helped noticing passive vs active EMU and constructing a 

bedtime routine. One noted that they were surprised by realising how much time 

they actually spent engaging in EMU. Two participants noted less helpful aspects of 

the intervention or study or what could be improved. One stated that they preferred 

the passive monitoring of using their inbuilt screen time application to tracking their 

EMU in the diaries. One participant critiqued that some questions were wordy and 

not straight to the point, and that the many different books in the study were 

complex to keep track of. One participant made a general comment that their EMU is 

very different between being ashore and at sea, and that their time during the study 

was mostly at sea. One participant stated that they considered the study overall 

useful and informative. 

Research Representative Feedback. RR also provided their feedback and 

perspective at the conclusion of the study. They echoed that people’s habits tend to 

change when at sea compared to on shore and at home. RR noted that participants 

mentioned a number of things influence EMU habits, including sea state and daily 

routine, and suggested that these extra factors be recorded more thoroughly in future 

studies. RR also observed that participants had difficulty with keeping PVT 

assessment consistent across days due to their work schedule and suggested 

ensuring PVT assessment time be kept to out of usual working hours in any further 

studies. They also noted that sea sickness medication, which the participants 
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regularly took while at sea caused “drowsiness and slower reaction times,” and 

suggested that this be specifically documented in future studies. They also reported 

that some participants had work computers in their cabins right by their beds: “it is 

easy to be swayed into checking emails late at night or before bed”. Finally, RR noted 

a trend that individuals did not have many extra activities to log in their EMU diaries, 

indicating that most of their use was intentional. 

Discussion 

The objective for this study was to trial EMU-SRI with participants in active 

duty with the RNZN, and to assess whether EMU-SRI could modify participants’ 

EMU, support their sleep health and vigilance, and mitigate fatigue. The study was 

run in late 2021 with the support of RR on board HMNZS Wellington. To assess 

outcomes, the study primarily employed an MBD methodology, augmented with 

exploratory analysis of EMU diaries and assessment of longer-term changes by 

comparing intake measure scores with those from a six-month follow up survey. 

Subjective and objective measures were gathered to assess for changes in EMU, sleep, 

sleepiness/vigilance, and fatigue outcomes. Six volunteer participants were each in 

the timeseries portion of the study for six weeks: two weeks baseline, two weeks 

intervention introduction, two weeks follow-up. The majority of the study occurred 

while HMNZS Wellington was at sea. Due to a calculation error in the PSQI 

assessment in intake, only P1–P5 were deemed eligible for MBD assessment. 

However, data from P6 was still included in qualitative analysis of the EMU diaries 

and their intake and follow-up surveys were also analysed. From analysing the MBD 

data collected from P1–P5, no consistent effect of the intervention was able to be 

detected. There was, however, a reliable decrease in subjective fatigue observed at 
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six-month follow-up from P2 and P3. Both P2 and P3 also showed evidence of 

improvement in their sleep, with their PSQI scores each improving seven points and 

four points, respectively. Though this change was below the RCI threshold, P2 and 

P3’s reported improvements in subjective sleep quality were larger than the mean 

improvements noted for both sleep hygiene interventions and cognitive behavioural 

therapy for insomnia in a recent meta-analysis (Chung et al., 2018). P6 showed no 

reliable change between their intake and follow-up surveys, though a trend toward 

decreased fatigue was noted. The majority of intended EMU identified in the EMU 

diaries was on personal hardware, although 30% was communal. Participants mostly 

identified their use through noting types of software and content that they were 

engaged in. Feedback from participants was generally positive, some helpful 

feedback about the study’s complexity was given. There was no attrition, implying 

that the intervention was generally well received. 

Environmental Influences on Observed Variables 

The lack of effect of intervention effect during the MBD indicated that EMU-

SRI was not powerful enough to elicit consistent improvements to sleep and fatigue 

variables in this naturalistic setting. As is common in sleep and wake performance 

studies, uncontrolled environmental influences likely influenced outcomes and 

overshadowed clear results (Axelsson et al., 2008; Greenwood, 1989). Work demands, 

environmental noise, motion sickness, and motion sickness medications may have 

influenced aspects of participant’s EMU, sleep, and vigilance and potentiated fatigue 

over the course of the study (Hockey, 2013; Leung & Hon, 2019; Seokjin et al., 2024; 

Zhang et al., 2016). Light exposure aspects of EMU, for instance, may produce 

measurable influences on sleep in an isolated laboratory environment; however, in 
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naturalistic settings, the effects might be more subtle than measurement tools may 

sensitively measure as they can be obscured by contextual influence (cf. Duraccio et 

al., 2021; Green et al., 2017). By early December the research assistant noted “cabin 

fever creeping in” (see Appendix S). Cabin fever is a colloquial concept often 

associated with being stuck in certain bounded circumstances. Cabin fever is often 

accompanied with a sense of a lack of enthusiasm, or listlessness, cabin fever may be 

reduced by a change in environment or change of routine (Rosenblatt et al., 1984). 

When the ship is at sea, broad changes in environment might not always be possible. 

Cabin fever experience closely resembles the circumstances of low autonomy and 

control that Hockey (2013) noted are most likely to potentiate fatigue and for some 

participants, fatigue did appear to subtly increase over the course of the study. Many 

of the timeseries results showed high variability within phases. Given that the study 

was run in this naturalistic setting while sailors were in active duty, circumstantial 

and environmental aspects likely influenced results and precluded stable pattern 

observation. 

RR noted that participants commonly engaged in work-related EMU close to 

bedtime on their computers. To ensure that the study did not interfere with working 

demands, and to preserve information security, participants were not required to 

document specifics of work-related EMU. Therefore, work related EMU may have 

influenced sleep health without being captured in EMU journals, and participants 

may have not engaged in intentional self-reflection of their work-related EMU. Post-

work work-related EMU has recently been shown to significantly impact fatigue and 

sleep health through higher alertness before bed in office workers (Ikeda et al., 2023). 

Work-related EMU before bed may impair the sleep-enhancing benefit of 
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psychological detachment that leisurely EMU may facilitate (e.g., Liu et al., 2020). 

Participants may have been engaged in problem solving unfinished work-related 

business while in preparation for sleep leading to a sense of unfinishedness that 

could influence their sleep (e.g., Baselgia et al., 2023). In any future studies, 

assessment of post-work work-related EMU may be a useful specific avenue for 

investigation. However, the impact of this might also be overshadowed by the more 

general environmental challenges that these participants faced while living at their 

workplace. 

The relationship between EMU and sleep is nuanced, influenced by the 

interaction between EMU context, content, software, hardware, users’ cognitions, 

and self-regulation. It is possible that EMU in general might also not be having much 

of an impact on sleep. For example, in a recent media diary study, Ellithorpe et al. 

(2022) suggested that that non-multitasking EMU in the hour before bed, if not 

engaged in for too long, was surprisingly associated with earlier bedtime, more TST, 

and unimpaired sleep quality. A large-scale time use diary study digesting data from 

17,247 adolescents (Orben & Przybylski, 2019) concluded that there was little evidence 

to suggest any negative effects of EMU on wellbeing in general. A later, similar study 

found only an overall very small association between teenagers’ screen time and 

sleep delays (Orben & Przybylski, 2020). If individuals are struggling with their sleep 

and fatigue, and their EMU is only contributing a small effect when compared with 

other influences, then modifying their EMU approach, as this intervention intended, 

may only lead to small benefits in sleep and fatigue, even if the EMU modification is 

significant. Furthermore, if the intervention did improve awareness and 

intentionality of EMU, this might not have improved sleep and fatigue over and 
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above the fatigue that sailors’ working demands and the idiosyncrasies of their 

working environment might precipitate (e.g., Allen et al., 2008; Baulk et al., 2009). 

The longer-term decreases in fatigue and trend towards improved satisfaction in the 

follow-up survey was encouraging, however no substantial changes were observed 

that could be confidently or consistently attributed to the intervention. 

EMU as  a Sleep and Alertness Aid 

One may think of modifying EMU in the service of sleep to mean engaging in 

less EMU, however, EMU can also benefit sleep health in ways that may apply to the 

environment on board ship. For instance, the psychologically detaching effect of 

EMU (e.g., Liu et al., 2020) might stave off cabin fever through providing an EMU-

facilitated change in scene (e.g., Wienrich et al., 2021). Environmental noise on board 

ship, well known to be a cause of sleep disruption and fatigue for seafarers (Seokjin et 

al., 2024), may also be alleviated through the use of white noise EMU content (Ebben 

et al., 2021), or background music to improve sleep duration and efficiency (e.g., Tan, 

2004). Some participants noted in their EMU diaries that they listened to music or 

white noise close to bed or while sleeping. As this was not in any of the healthy sleep 

behaviour recommendations of the intervention, it is likely that they had 

independently found this EMU supported sleep adaptation. 

EMU might also promote arousal and alertness, increasing performance and 

reducing tiredness through content and light exposure effects (e.g., Baselgia et al., 

2023; Bauducco et al., 2024; Silvani et al., 2022). While EMU, may, through its impact 

on sleep health, lead to greater fatigue propensity, EMU might also buffer this effect 

through increasing alertness. The impact of EMU on wake functioning might be 
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insidious and short-term improvements in fatigue propensity may therefore only 

observed to be moderate. Subjective adaptation to chronic partial sleep deprivation, 

and the slow rate by which performance variables recover following improvement in 

sleep health (Axelsson et al., 2008; Van Dongen et al., 2003) may buffer and delay 

vigilance recovery. This buffering may also explain the lack of effect noted in the 

timeseries component, and the subsequent improvement to fatigue noted in six-

month follow-up. 

Difference Between Objective and Subjective 

Subjective interpretation of EMU timing and sleep timing tends to be 

inaccurate to objectively measured equivalents (Bernstein et al., 2019; Lin et al., 2015; 

Young, 1998). There were a few nights where actigraphy data did not reflect what was 

reported subjectively. This data may have been an artifact of rough seas which has 

been known to influence actigraphy results in similar circumstances (Matsangas et 

al., 2015). Other discrepancies were noted between subjectively logged EMU and data 

collected from screentime applications. These differences were likely due either to 

passive screen timing applications only preexisting on smartphones, the EMU logs 

only requesting EMU periods of 10 or more minutes to be recorded, or misestimation 

of EMU time by participants. 

Limitations  

Single case experimental designs such as MBDs come with threats to internal 

validity. As participants act as their own controls, the shift from baseline to 

experimental condition might coincide with uncontrolled environmental 

determinants that influenced results. This was, for example seen in the changes in 
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EMU for P1 and P2 from baseline to intervention phases coinciding with the 

beginning of a new sailing (see Figure 6). In MBDs, replication across series attempts 

to assess for these coincidental changes to increase confidence in any observed 

effects (Krasny-Pacini & Evans, 2018). For example, the changes in EMU in the middle 

of baseline for P3 and P4 directly showed an assessment of coincidental change to 

EMU due to the new sailing’s beginning.  If P1 and P2 alone were assessed without 

assessing for environmental effects, this spurious result may have appeared 

significant. Nevertheless, other spurious influences on results that were not made 

apparent by the staggering of series might have also influenced the results of this 

study as well as its conclusions. 

This study had limitations that may have contributed to moderation of the 

current results. For example, work requirements led to inconsistency in the time of 

day of PVT assessment. Control for this was attempted (see Appendix S). In applying 

this control, for one participant the observed increase in fatigue propensity over the 

timeseries component disappeared, though, for another participant this control 

meant a pattern of increasing fatigue propensity was exaggerated, revealing 

increasing fatigue propensity from baseline. These discrepant results indicated the 

complexity of gathering these measurements with idiosyncratic cases in such a 

unique and complex environment. 

Participants were compensated with supermarket vouchers for their 

participation in the study. Given this extrinsic compensation for significant time 

investment in the study, they may have experienced lowered intrinsic motivation for 

change (e.g., Deci et al., 1999; Deci & Ryan, 1980). Furthermore, participants EMU, 
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sleep, and fatigue scores were being intentionally monitored, and participants were 

aware of this from the beginning of the study; they may have initially changed 

normal habitual behaviour from beginning of baseline measurement (Wickström & 

Bendix, 2000). The requirement of some degree of self-monitoring for filling out the 

logbooks in baseline measurement may have led to behaviour change prior to the 

intervention’s introduction (see Bandura, 1991). If this were the case, perhaps only 

basic EMU logging is required for adequate self-reflection and accompanying 

behaviour change to achieve the effect that was seen in the follow-up survey.  

The purposive sampling of participants who self-identify with sleep 

challenges, and the positive changes observed in the six-month follow-up survey may 

also be due to regression to the mean, were extreme scores in measures tend to 

become more moderate upon reassessment (Bland & Altman, 1994b, 1994a; Peacock 

& Peacock, 2020). For instance, the mean FAS score found in the FAS validation study 

by Michielsen et al. (2003) was 19.26. P2 and P3 remained marginally above this 

score—with scores of 22 and 20, respectively—in the six-month follow-up. Although 

the positive changes over the 6-month period for P2 and P3 was promising to see, 

these scores may have improved simply due to regression to the mean. However, the 

accidental inclusion of P6 in the study fortuitously supports dismissing the effect as 

being solely regression to the mean; as P6’s FAS score began below the mean of the 

FAS from the initial FAS study (Michelsen et al., 2003, p. 348), and at the 6 month 

follow up, their score had dropped to further than 1SD below the mean FAS score that 

was found by Michelsen et al. (2003), suggesting that other variables, perhaps having 

participating in EMU-SRI, may have influenced this longer term improvement in 

subjective fatigue. 
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In the methods of the study, SPFS was assessed prior to engaging in the PVTs. 

As fatigue is a function of personal determinants as well as task demands (e.g., 

Belenky et al., 2014), SPFS assessment will have been influenced by the uncontrolled 

preSPFS activities. This limitation of these self-assessments was observed by 

Axelsson et al. (2008). To standardise preSPFS activities for future studies, capturing 

SPFS assessment after PVTs may have made SPFS scores more stable. 

At the outset of this project, I was working alongside a PhD candidate, and we 

agreed to separate our research priorities into two streams. They were to investigate a 

cross-sectional account of the prevalence of EMU and sleep health difficulty within 

the RNZN, and, given the importance of application to clinical practice required for 

the Doctor of Clinical Psychology degree, my focus became on the conceptual and 

mechanistic aspects of the EMU–sleep health–fatigue relationship, and the 

development and testing of an intervention. The focus on conceptual understanding, 

theory, and intervention development for this study remained despite structural 

changes to the project team. The cross-sectional investigation is, to my knowledge, 

yet to occur. This study’s discussion is therefore limited in being unable to further 

assess the potential applicability of EMU-SRI in other arms of the RNZN. However, 

insights drawn from the current study might support conceptual and methodological 

integrity of broader investigations of EMU and sleep health difficulty in the RNZN. 

For example, the time required to potentially assess changes in subjective fatigue 

metrics after intervention delivery. 

The process of ascertaining feedback from the participants lacked scientific 

rigour. However, these processes captured valuable insight about participants’ and 
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RR’s experiences in the study. A key difficulty with the study was the sheer volume of 

data that needed to be collected to adequately assess behavioral and subjective 

estimates of all the relevant variables. One participant noted that the many booklets 

were difficult to keep track of. Installing EMU monitoring software on participant’s 

hardware (cf. Lin et al., 2019) might somewhat support with simplifying some of the 

data collection in future studies. 

This studies single case experimental design invoked a specific set of 

circumstances under which the intervention was trailed and within which any 

outcomes were constrained (Lincoln et al., 2009). In order to assert any 

generalisation, or any chance of efficacy or inefficacy when applied more generally, 

broader research is required into the intervention’s outcomes across other contexts 

and population samples. 

Future Directions 

The task of ascertaining further understanding in the causal links between 

EMU, sleep, and fatigue will require more experimental studies in less noisy 

environments. For inspiration, this MBD could be replicated in environments where 

participants may have more consistent EMU and more consistent settings for 

habitualising behaviour change. For even higher isolation of extraneous variables, a 

laboratory study might be useful to test more thoroughly the dynamics of the 

intervention, of course, with adequate caution in its interpretation given to 

generalisability to external contexts (Greenwood, 1989). Future studies would benefit 

from considering the impact of baseline monitoring on behaviour. This could be 

assessed by incorporating a longer period of passive monitoring to establish a more 



C H A P T E R  5  

176 

stable baseline prior to the active monitoring baseline phase that was used in the 

current study, then introducing the intervention after the active monitoring phase.  

Further research is required to better delineate the kinds of EMU that might 

impact sleep positively or negatively. More refined gathering of data regarding EMU, 

for example by way of body cameras to assess light exposure and categorise EMU 

hardware has shown promise (Lowe et al., 2023). Their use could be extended to 

enhance understandings of user engagement with software and content aspects of 

EMU. Ecological momentary assessment (e.g., Parsey & Schmitter-Edgecombe, 2019) 

may be useful to capture experiences of intentionality, mood, and more frequent 

fatigue metrics. Incorporating performance variables (Reifman et al., 2018), and 

integrated passive monitoring of EMU software and content use and sleep variables 

(e.g., Lin et al., 2019) may also support developing further insight into these variable 

relationships as well as contribute to ongoing efforts to find ways of monitoring and 

moderating their impact. An EMU software that works across various hardware, and 

potentially supports intervention administration as well as outcome measurement 

might facilitate this effort. While this software’s development would require 

significant resources, this hypothetical software could also facilitate a longitudinal 

study with a larger sample size, extended passive baseline measurement, and 

extended follow up assessment that could gather a more precise understanding of the 

longer-term improvement to fatigue that was observed in the six-month follow-up 

survey. 

EMU-SRI’s efficiency may also be improved, and its tenets expanded upon 

through development of a group educational intervention—as has had success in 
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other EMU associated therapy for addictions (see Chapter 1)—or a module in other 

individualised interventions that consider more thoroughly individual formulation 

and support (e.g., Harvey & Buysse, 2017). EMU-SRI might also be refined through 

encouraging participants to specify more thoroughly the exact content that they wish 

to access, to increase self-monitoring moment to moment, and mitigate simply 

intending to be caught within software-based coercive flows that might be content 

ambiguous (e.g., Wu et al., 2020). Furthermore, the intervention may be further 

enhanced by having people identify expected finish times when they begin their 

EMU and compare this with actual finish times in a daily reflection exercise for 

greater insights into discrepancies.  

Cross-hardware passive EMU timers (e.g., Lin et al., 2019) could be 

incorporated to support an objective and quantitative aspect to self-reflection. 

Through developing the EMU diaries presented herein into this same software, data 

input by individuals into their EMU diaries, possibly set as an automatic prompt for 

self-reflection upon EMU commencement, could lead to automatic creation of 

Sankey charts (see Figure 1 in each of Appendices P-Y and Figure 12 in this chapter) 

may be able to be automatically created with automated precision to support weekly 

reflection about attention flows and to visually show changes in patterns over time. 

With these future directions, caution should be exercised in the impact of too much 

monitoring leading to an increased entanglement between sleep and EMU (Coveney 

et al., 2023). Perhaps the use of the physical EMU diaries, framing EMU with a brief 

self-monitoring nonEMU activity is all that is needed. 
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Conclusion 

While the intervention was not immediately effective in the MBD component, 

for the participants that completed the follow up questionnaire, fatigue reliably 

improved for two, and sleep reliably for one. Based on feedback from the participants 

who completed the follow-up questionnaire, the intervention supported awareness 

raising and self-reflection regarding EMU. The longer-term changes observed may 

have been due to some long-term impact of the intervention, or they may be 

circumstantial. Further studies over longer timeseries and in other contexts may 

support understanding the intervention’s potential longer-term impacts.
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Epilogue: Reflections 

Through the course of this thesis, I have investigated conceptual difficulties 

and clarified understandings of EMU, sleep, and fatigue to frame a perspective on the 

relationship between them. I have applied these conceptual frames to an umbrella 

scoping review of the EMU–sleep health relationship and discussed areas in need of 

deeper understanding. I have proposed a theoretical maintenance cycle of sleep 

health difficulty, EMU, and fatigue through reviewing experiments conducted in 

these fields and relevant theoretical underpinnings. I have created a brief 

intervention aimed to support self-directed EMU through engaging in self-

monitoring and self-reflection on EMU. This intervention was captured in a manual 

and was trailed with sailors in the RNZN. Using MBD, I assessed for resulting changes 

to EMU, sleep health, vigilance and fatigue through both subjective and objective 

measurements and analyses. While I was unable to observe immediate measurable 

benefits for sleep and wake functioning in the cases that were studied, some longer-

term improvements were noted in the six-month follow-up, particularly for 

subjective fatigue. 

During early developments of this project, I met with my supervision team at 

the Sleep Wake Research Centre. Early in our conversation we attempted to draw a 

boundary around what counts as a screen when discussing screen time. I had recently 

used the microwave and asked my supervisors whether I had just engaged in screen 

time as I input the time into the microwave. We agreed that, for the purposes of this 

project, that kind of screen time would not be applicable, though we all failed to 

express exactly how come with any degree of satisfaction. Whether it was the size of 
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the screen or the number of pixels or the relatively short length of time I interacted 

with it? Though it may not colloquially be understood as EMU when inputting 

cooking times into a microwave, these kinds of appliances are also participating in 

convergence: many everyday objects are integrating into broader connected 

electronic media ecosystems (Medoff & Kaye, 2017; Stair et al., 2020; Tate, 2024). It is 

important to monitor and regulate the utility of the constructs under investigation (S. 

S. Stevens, 1935). 

Colloquial understandings typically permeate prior to their scientific 

definition. While most people may implicitly know what electronic media use is, 

operational definitions of related constructs were surprisingly absent from published 

literature. This parallels discussions by Buysse (2014) on the lack of an operational 

definition of sleep health prior to the introduction of the sleep health framework, and 

also reflects similar discussions by Balkin et al. (2023) on the numerous definitions 

and re-definitions of fatigue that have led to a nebulous construct. I found that EMU 

had no specific form for study outside of assumed colloquial understandings, 

potentially indicating the infancy of this topic. When we rely on inconsistent and 

often colloquial understandings of EMU or its subconstructs such as social media, 

this can easily lead to misrepresentation and can become overgeneralised in the 

literature and difficult to interpret. A highlighted example from Chapter 2 was 

Alonzo et al.’s (2021) review of social media and its impacts. In this, the term social 

media was used in their review to cover many ideas that would lie outside their 

definition’s scope, though were nevertheless included in their review. When applied, 

allowing other attached constructs, the relationships between them became diffused 

and difficult to interpret. While we all may have experienced electronic media and 
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intuitively know what EMU entails, by delineating EMU into its constituent 

parameters it can more readily become an object of consistent study for deriving 

useful insight. The five-lens EMU framework was iteratively developed and refined 

over the course of this thesis’ writing. Ultimately, lenses of context, user, hardware, 

software, and content, and combinations of these lenses, appeared to 

comprehensively capture the lenses through which EMU had been discussed in the 

research field.  

Over time, clarified constructs in the literature may change their meaning. For 

instance, Young (1998) described an actively accessed and fragmented internet 

marked by a dominance of chat rooms. This internet from the nineties seemed to 

hold a different experience to more recent internet experience marked by passive 

consumption of algorithmically curated content: the “online attention economy” 

(Wu et al., 2020, p. 16; see also Harris & Cho, 2023). EMU experience may also change 

rapidly: “a contemporary algorithm is, in a strict sense, a multiple of itself: because 

programmers promote constant efficiency tweaks, the same algorithm has different 

versions over time and is thus a persistently ephemeral socio-technical entity” 

(Vicente & Burnay, 2024, p. 1260). By the time that we fully understand the EMU 

landscape, it may shift again, as it has in early 2025, with, for example declining 

uptake the dominant social media software that use top-down content moderation 

and algorithmic curation, and increasing userbase in chatroom-based software, and 

customisable algorithms (cf. Kumar, 2024, 2025; Marriott, 2024). While these shifts 

may just be a brief, correlational, and possibly transient phenomenon, they may 

nevertheless signal a resurgence of relevance to many of the case studies on active 

chatroom use of the nineties described by Young (1998). More research is required to 
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thoroughly understand the more difficult-to-construct-and-measure user 

experiences on various software platforms from a sleep wake science perspective 

(Exelmans & Van den Bulck, 2019). 

The definition of colloquially nested EMU subconstructs will likely remain 

fuzzy. Wittgenstein’s (1953/1986) difficulties with defining a game was mentioned in 

Chapter 2’s discussion of operationally defining EMU constructs. From talking about 

games, Wittgenstein described the language games that must be played in order to 

allow language to serve its various functional purposes. Chapter 2 served to indicate 

that when the rules of these language games lean too closely to the side of practicality 

over accuracy of definition, then our insights may be conceptually limited. The 

critical balance between practicality and accuracy is so hard to strike in this field, 

evidenced by the identical note in the last two editions of the APA’s diagnostic and 

statistical manual of mental disorders released close to a decade apart (APA, 2013, 

2022) pertaining to the condition for further research, internet gaming disorder: “The 

literature suffers, however, from lack of a standard definition from which to derive 

prevalence data” (cf. APA, 2013, p. 796, 2022, p. 914).  

Psychology seeks to gain generalised and adaptable understandings that can 

accurately be applied to specific instances. Psychology’s clinical practice seeks often 

to encourage this search in clients. In cognitive behavioural therapy, for example, a 

therapist works with clients to identify and challenge thoughts and behaviours, with 

emphasis on accurate and evidence-based thinking (e.g., Beck, 2020). To support 

individuals who seek support for their EMU, psychologists should be able to have 

sensitive, nuanced, and open conversations about EMU. If our research relies on 
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nonspecific and pathologizing language to describe EMU, underlying mechanisms 

supporting formulation and treatment planning may be missed. When we speak 

about EMU potentially impacting sleep, without delineation of the actual parameters 

of the EMU that is the topic of study, it is as useful as saying that behaviour impacts 

sleep. The methods through which the problem has been generally investigated, as 

discussed in Chapter 2, were reminiscent of the critical difficulty that psychology as a 

science must constantly work to address, summarised by Wittgenstein (1953/1986) 

that “problem and method pass one another by” (p. 232). Chapter 3 revealed that 

there are nuanced and specific aspects of EMU that have been studied through 

experimental methodologies that can ground evidence-based formulation of EMU–

sleep health difficulties. The heuristic causal maintenance model described in 

Chapter 3 captured functional relationships between EMU, sleep health, and fatigue 

that may be useful in clinical practice for framing discussions with those who seek 

support. Further experimental research, including for example more in-depth 

assessment and adaptation of EMU-SRI would be required to further understand its 

clinical utility.  

Understandings and judgements of abstract concepts can influence 

behaviour. For example, Hockey (2013) discussed the influence of the industrial 

revolution on limited energy theories of fatigue. These metaphors have permeated 

into likening self-control to a battery (e.g., Bauducco et al., 2024), or the recharging 

faculties of psychological detachment and sleep (e.g., Liu et al. 2020). If people are 

under the impression that self-control is limited in this way, their behaviour may 

manifest their belief (Bernecker & Job, 2020; Job et al., 2010). Many of the criticisms 

levied at the changing face of EMU and how it impacts us in the past years may 
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simply be new forms of similar anxieties levied against other forms of media, both 

electronic and physical (Hesmondhalgh, 2022), and could represent an electronic-

media-facilitated moral panic that has historically accompanied technological 

development (Walsh, 2020). In the prologue of this thesis, I mentioned that despite 

subjective accounts, there was limited objective evidence for decreased sleep 

durations from the past few decades (Bin et al., 2012; Matricciani et al., 2017). Perhaps 

other environmental and social determinants that predate electronic media’s 

prominence may exert a greater impact on sleep health than EMU (Paine & Muller, 

2023; Roenneberg et al., 2019; Stothard et al., 2017), though, as EMU permeates into 

many contexts (Figueiredo & Bolaño, 2017; L. Scott, 2015) EMU may be easily seen as 

the common thread and culprit of sleep health difficulty. Focussing on EMU as a 

locus of blame for sleep health difficulties may remove focus from other, possibly 

more powerful environmental determinants (Grandner, 2019).  

The encouragement of self-reflection of EMU may theoretically support self-

regulation, and consequentially support sleep health, and mitigate fatigue, though 

this may take longer than the four weeks that the MBD study in Chapter 4 was able to 

capture. EMU may also only be a small aspect in the complexity of an individual’s life 

through which many sources will exert their influence, and which may require more 

systemic approach. It remains likely that the social and parasocial utility and 

influence of EMU remains prominent (e.g., MacKenzie et al., 2022; see also Hoffner & 

Cohen, 2023). Supporting individual and group education, assessing, and promoting 

readiness to change, facilitating self-directed EMU, and addressing other 

environmental determinants (cf. Grandner, 2019) may help with fostering individual 

and community EMU health. An ability to intentionally interact with electronic 
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media hardware, software, and content may support user’s thriving in their various 

contexts. Such efforts as have been undertaken by the Center for Humane 

Technology (2025) to educate software hardware, and content designers in user-

wellbeing principles suggest the multisystemic approach that is required. 

Throughout these efforts, to ensure that our insights remain useful, it is important 

that our science aspires for accuracy and embraces the complexity of the changing 

experience of EMU. 
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Postface 

I began developing this thesis on a camping trip, removed from electronic 

media by the shores of Te Manganui o Te Ao. My companion on this trip created a 

sundial with a tent peg and together we tuned into the rhythms of the sun and earth 

for a week (see Jamieson, 2020). This week for me was the most satisfied I had been 

with my sleep for a long while before, and the most satisfied I would be with my sleep 

for the next half decade. Shortly after returning, I found an interesting study by 

Stothard et al. (2017) that experimentally showed the impact on sleep of being able to 

behaviourally control light exposure. Students were taken on a weeklong winter 

camping trip in the Rocky Mountains of Colorado, with limited opportunity for 

artificial light exposure and strong photic zeitgebers. In a night in the sleep lab after 

the camping trip, the participants’ dim light melatonin onset was around two hours 

and forty minutes earlier, and they slept for around two hours and twenty minutes 

longer (and earlier) than they did on the night before the camping trip, after a week of 

industrialised life.  

To avoid biasing my judgements, I have not yet used EMU-SRI on myself. 

During the course of writing this thesis, I have formed the opinion that it may be 

helpful for supporting sleep health in contexts where electronic media permeate. 

After these many late and sleepless nights to conclude this thesis, I imagine a 

camping trip will be a more powerful immediate intervention. 
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Preferred Reporting Items for Systematic reviews and Meta-Analyses extension 

for Scoping Reviews (PRISMA-ScR) Checklist 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This Appendix contains the Preferred Reporting Items for Systematic reviews and 
Meta-Analyses extension for Scoping Reviews Checklist (Tricco et al., 2018). This 
checklist refers to page numbers in Chapter 2 where each aspect of the scoping 
umbrella review that meets checklist criteria can be found. 
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SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED 
ON PAGE # 

TITLE 
Title 1 Identify the report as a scoping review. 41 

ABSTRACT 
Structured 
summary 

2 Provide a structured summary that includes (as 
applicable): background, objectives, eligibility 
criteria, sources of evidence, charting 
methods, results, and conclusions that relate 
to the review questions and objectives. 

41 

INTRODUCTION 
Rationale 3 Describe the rationale for the review in the 

context of what is already known. Explain why 
the review questions/objectives lend 
themselves to a scoping review approach. 

42 

Objectives 4 Provide an explicit statement of the questions 
and objectives being addressed with reference 
to their key elements (e.g., population or 
participants, concepts, and context) or other 
relevant key elements used to conceptualize 
the review questions and/or objectives. 

44-45 

METHODS 
Protocol and 
registration 

5 Indicate whether a review protocol exists; state 
if and where it can be accessed (e.g., a Web 
address); and if available, provide registration 
information, including the registration number. 

45 

Eligibility criteria 6 Specify characteristics of the sources of 
evidence used as eligibility criteria (e.g., years 
considered, language, and publication status), 
and provide a rationale. 

46-47 

Information 
sources* 

7 Describe all information sources in the search 
(e.g., databases with dates of coverage and 
contact with authors to identify additional 
sources), as well as the date the most recent 
search was executed. 

46 

Search 8 Present the full electronic search strategy for 
at least 1 database, including any limits used, 
such that it could be repeated. 

45-46 

Selection of 
sources of 
evidence† 

9 State the process for selecting sources of 
evidence (i.e., screening and eligibility) 
included in the scoping review. 

46 

Data charting 
process‡ 

10 Describe the methods of charting data from 
the included sources of evidence (e.g., 
calibrated forms or forms that have been 

47 
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tested by the team before their use, and 
whether data charting was done independently 
or in duplicate) and any processes for 
obtaining and confirming data from 
investigators. 

Data items 11 List and define all variables for which data 
were sought and any assumptions and 
simplifications made. 

47 

Critical appraisal 
of individual 
sources of 
evidence§ 

12 If done, provide a rationale for conducting a 
critical appraisal of included sources of 
evidence; describe the methods used and how 
this information was used in any data 
synthesis (if appropriate). 

N/A 

Synthesis of 
results 

13 Describe the methods of handling and 
summarizing the data that were charted. 

47 

RESULTS 
Selection of 
sources of 
evidence 

14 Give numbers of sources of evidence screened, 
assessed for eligibility, and included in the 
review, with reasons for exclusions at each 
stage, ideally using a flow diagram. 

48, 50 

Characteristics of 
sources of 
evidence 

15 For each source of evidence, present 
characteristics for which data were charted and 
provide the citations. 

48 

Critical appraisal 
within sources of 
evidence 

16 If done, present data on critical appraisal of 
included sources of evidence (see item 12). 

N/A 

Results of 
individual sources 
of evidence 

17 For each included source of evidence, present 
the relevant data that were charted that relate 
to the review questions and objectives. 

51-61 

Synthesis of 
results 

18 Summarize and/or present the charting results 
as they relate to the review questions and 
objectives. 

62-68 

DISCUSSION 
Summary of 
evidence 

19 Summarize the main results (including an 
overview of concepts, themes, and types of 
evidence available), link to the review 
questions and objectives, and consider the 
relevance to key groups. 

68-73 

Limitations 20 Discuss the limitations of the scoping review 
process. 

73-74 

Conclusions 21 Provide a general interpretation of the results 
with respect to the review questions and 
objectives, as well as potential implications 
and/or next steps. 

74 
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FUNDING 
Funding 22 Describe sources of funding for the included 

sources of evidence, as well as sources of 
funding for the scoping review. Describe the 
role of the funders of the scoping review. 

76 

Note. JBI = Joanna Briggs Institute; PRISMA-ScR = Preferred Reporting Items for 
Systematic reviews and Meta-Analyses extension for Scoping Reviews. 
* Where sources of evidence (see second footnote) are compiled from, such as 
bibliographic databases, social media platforms, and Web sites. 
† A more inclusive/heterogeneous term used to account for the different types of 
evidence or data sources (e.g., quantitative and/or qualitative research, expert 
opinion, and policy documents) that may be eligible in a scoping review as opposed 
to only studies. This is not to be confused with information sources (see first 
footnote). 
‡ The frameworks by Arksey and O’Malley (6) and Levac and colleagues (7) and the 
JBI guidance (4, 5) refer to the process of data extraction in a scoping review as data 
charting. 
§ The process of systematically examining research evidence to assess its validity, 
results, and relevance before using it to inform a decision. This term is used for items 
12 and 19 instead of "risk of bias" (which is more applicable to systematic reviews of 
interventions) to include and acknowledge the various sources of evidence that may 
be used in a scoping review (e.g., quantitative and/or qualitative research, expert 
opinion, and policy document). 
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Peters, M. D. J., Horsley, T., Weeks, L., Hempel, S., Akl, E. A., Chang, C., 
McGowan, J., Stewart, L., Hartling, L., Aldcroft, A., Wilson, M. G., Garritty, C., 
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Appendix B 

Full Map of Primary Study Overlap Including References to Primary Studies 

from Umbrella Scoping Review 

This appendix contains two elements. First is an A3 sized map documenting the 

reviewed studies contained in the umbrella review, along with labels for the primary 

studies that were drawn on in the creation of those reviews. This map, like its 

simplified version (see figure X in Chapter 2) uses pink and blue nodes with size 

depending on the number of links attached. Pink nodes represent review studies, and 

blue nodes represent primary studies that were drawn on in the reviews.  The second 

part of the appendix is a key which contains references for each of the nodes.
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Table B1 

A Key for Figure B1 Including References to All Reviews and Primary Studies 
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Li, Y., Li, G., Liu, L., & Wu, H. (2020). Correlations between mobile phone 
addiction and anxiety, depression, impulsivity, and poor sleep quality 
among college students: A systematic review and meta-analysis. Journal 
of Behavioral Addictions, 9(3), 551-571. 
https://doi.org/10.1556/2006.2020.00057 

R09 Mac Cárthaigh, S., Griffin, C., & Perry, J. (2020). The relationship between sleep 
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https://doi.org/10.1016/j.dr.2020.100897 
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https://doi.org/10.1016/j.smrv.2022.101626 
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systematic review and meta-analysis. Journal of Health Psychology, 
25(1), 67-81. https://doi.org/10.1177/1359105317740414 

R12 Mihara, S., & Higuchi, S. (2017). Cross-sectional and longitudinal 
epidemiological studies of Internet gaming disorder: A systematic review 
of the literature. Psychiatry & Clinical Neurosciences, 71(7), 425-444. 
https://doi.org/10.1111/pcn.12532 

R13 Ramjan, L. M., Salamonson, Y., Batt, S., Kong, A., McGrath, B., Richards, G., 
Roach, D., Wall, P., & Crawford, R. (2021). The negative impact of 
smartphone usage on nursing students: An integrative literature review. 
Nurse Education Today, 102, Article 104909. 
https://doi.org/10.1016/j.nedt.2021.104909 

R14 Ratan, Z. A., Parrish, A.-M., Zaman, S. B., Alotaibi, M. S., & Hosseinzadeh, H. 
(2021). Smartphone addiction and associated health outcomes in adult 
populations: A systematic review. International Journal of Environmental 
Research and Public Health, 18(22). Article 12257. 
https://doi.org/10.3390/ijerph182212257 

R15 Sadagheyani, H. E., & Tatari, F. (2021). Investigating the role of social media on 
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https://doi.org/10.1108/MHSI-06-2020-0039 



O V E R L A P  M A P  

253 

Code Reference 
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R17 Yang, J., Fu, X., Liao, X., & Li, Y. (2020). Association of problematic smartphone 
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and meta-analysis. Psychiatry Research, 284. Article 112686. 
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P002 Adams, S. K., & Kisler, T. S. (2013). Sleep quality as a mediator between 
technology-related sleep quality, depression, and anxiety. 
Cyberpsychology, Behavior, and Social Networking, 16(1), 25-30. 
https://doi.org/10.1089/cyber.2012.0157 

P003 Ahn, S.-Y., & Kim, Y.-J. (2015). The influence of smart phone use and stress on 
quality of sleep among nursing students. Indian Journal of Science and 
Technology, 8(35), 1-6. 
https://doi.org/10.17485/ijst/2015/v8i35/85943 

P004 Akçay, D., & Akçay, B. D. (2020). The effect of computer game playing habits of 
university students on their sleep states. Perspectives in Psychiatric Care, 
56, 820-826. https://doi.org/10.1111/ppc.12497 

P005 Al Asqah, M. I., Al Orainey, A., Shukr, M. A., Al Oraini, H. M., & Al Turki, Y. A. 
(2020). The prevalence of internet gaming disorder among medical 
students at King Saud University, Riyadh, Saudi Arabia. A cross-sectional 
study. Saudi Medical Journal, 41(12), 1359-1363. 
https://doi.org/10.15537/smj.2020.12.05584 



A P P E N D I X  B  

254 

Code Reference 
P006 Al Gammal, M., Ali Elsheikh, M., & Abozahra, A. (2019). Internet addiction and 

internet gaming disorder and associated insomnia among a sample of 
Al-Azhar University students, clinical study. The Egyptian Journal of 
Hospital Medicine, 77(5), 5718-5726. 
https://doi.org/10.21608/ejhm.2019.63227 

P007 Alageel, A. A., Alyahya, R. A., Bahatheq, Y. A., Alzunaydi, N. A., Alghamdi, R. A., 
Alrahili, N. M., McIntyre, R. S., & Iacobucci, M. (2021). Smartphone 
addiction and associated factors among postgraduate students in an 
Arabic sample: A cross-sectional study. BMC Psychiatry, 21, Article 302. 
https://doi.org/10.1186/s12888-021-03285-0 

P008 Alosaimi, F.D.; Alyahya, H.; Alshahwan, H.; Al Mahyijari, N.; Shaik, S.A. (2016). 
Smartphone addiction among university students in Riyadh, Saudi Arabia. 
Saudi Medical Journal. 37(6), 675-683. 
https://doi.org/10.15537/smj.2016.6.14430 

P009 Altintas, E., Karaca, Y., Hullaert, T., & Tassi, P. (2019). Sleep quality and video 
game playing: Effect of intensity of video game playing and mental 
health. Psychiatry Research, 273, 487-492. 
https://doi.org/10.1016/j.psychres.2019.01.030 

P010 Amez, S., Vujić, S., Soffers, P., & Baert, S. (2020). Yawning while scrolling? 
Examining gender differences in the association between smartphone 
use and sleep quality. Journal of Sleep Research, 29(6), Article e12971. 
https://doi.org/10.1111/jsr.12971 

P011 Amiri, M., & Dowran, B. (2020). Smartphone overuse from Iranian university 
students' perspective: A qualitative study. Addiction & Health, 12(3), 
205-215. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7679485/ 

P012 Arnesen, A. A. (2010). Video game addiction among young adults in Norway: 
Prevalence and health [Master’s thesis, University of Bergen]. Bergen 
Open Research Archive. https://bora.uib.no/bora-
xmlui/handle/1956/4114 

P013 Arora, T., Hussain, S., Lam, K. H., Yao, G. L., Thomas, G. N., & Taheri, S. (2013). 
Exploring the complex pathways among specific types of technology, 
self-reported sleep duration and body mass index in UK adolescents. 
International Journal of Obesity, 37(9), 1254-1260. 
https://doi.org/10.1038/ijo.2012.209 



O V E R L A P  M A P  

255 

Code Reference 
P014 Baiden, P., Tadeo, S. K., & Peters, K. E. (2019). The association between 

excessive screen-time behaviors and insufficient sleep among 
adolescents: Findings from the 2017 youth risk behavior surveillance 
system. Psychiatry Research, 281, Article 112586. 
https://doi.org/10.1016/j.psychres.2019.112586 

P015 Bartel, K., Williamson, P., van Maanen, A., Cassoff, J., Meijer, A. M., Oort, F., 
Knäuper, B., Gruber, R., & Gradisar, M. (2016). Protective and risk factors 
associated with adolescent sleep: Findings from Australia, Canada, and 
The Netherlands. Sleep Medicine, 26, 97-103. 
https://doi.org/10.1016/j.sleep.2016.07.007 

P016 Bélanger, R. E., Akre, C., Berchtold, A., & Michaud, P.-A. (2011). A U-shaped 
association between intensity of internet use and adolescent health. 
Pediatrics, 127(2), e330-e335. https://doi.org/10.1542/peds.2010-
1235 

P017 Bener, A., Yildirim, E., Torun, P., Çatan, F., Bolat, E., Alıç, S., Akyel, S., & Griffiths, 
M. D. (2019). Internet Addiction, Fatigue, and Sleep Problems Among 
Adolescent Students: A Large-Scale Study. International Journal of Mental 
Health and Addiction, 17(4), 959-969. 
https://doi.org/10.1007/s11469-018-9937-1 

P018 Bergner, E. M., Williams, R., Hamburger, E. R., Lyttle, M., Davis, A. C., Malow, B., 
Simmons, J. H., Lybarger, C., Capin, R., & Jaser, S. S., (2018). Sleep in 
teens with type 1 diabetes: Perspectives from adolescents and their 
caregivers. The Diabetes Educator, 44(6), 541-548. 
https://doi.org/10.1177/0145721718799086 

P019 Bhandari, P. M., Neupane, D., Rijal, S., Thapa, K., Mishra, S. R., & Poudyal, A. K. 
(2017). Sleep quality, internet addiction and depressive symptoms 
among undergraduate students in Nepal. BMC Psychiatry, 17, Article 
106. https://doi.org/10.1186/s12888-017-1275-5 

P020 Billari, F. C., Giuntella, O., & Stella, L. (2018). Broadband internet, digital 
temptations, and sleep. Journal of Economic Behavior & Organization, 
153, 58-76. https://doi.org/10.1016/j.jebo.2018.07.001 

P021 Bonnaire, C., & Phan, O. (2017). Représentations des risques associés à l’usage 
des jeux vidéo chez les jeunes adolescents : Une étude exploratoire pour 
aider à penser la prevention [Negative perceptions of the risks associated 
with gaming in young adolescents: An exploratory study to help thinking 
about a prevention program]. Archives de Pédiatrie, 24(7), 607-617. 
https://doi.org/10.1016/j.arcped.2017.04.006 



A P P E N D I X  B  

256 

Code Reference 
P022 Brunborg, G. S., Mentzoni, R. A., Melkevik, O. R., Torsheim, T., Samdal, O., 

Hetland, J., Andreassen, C. S., & Pallesen, S., (2013). Gaming addiction, 
gaming engagement, and psychological health complaints among 
Norwegian adolescents. Media Psychology, 16(1), 115-128. 
https://doi.org/10.1080/15213269.2012.756374 

P023 Brunborg, G. S., Mentzoni, R. A., Molde, H., Myrseth, H., Skouverøe, K. J. M., 
Bjorvatn, B., & Pallesen, S. (2011). The relationship between media use in 
the bedroom, sleep habits and symptoms of insomnia. Journal of Sleep 
Research, 20(4), 569-575. https://doi.org/10.1111/j.1365-
2869.2011.00913.x 

P024 Cabré-Riera, A., Torrent, M., Donaire-Gonzalez, D., Vrijheid, M., Cardis, E., & 
Guxens, M. (2019). Telecommunication devices use, screen time and 
sleep in adolescents. Environmental Research, 171, 341-347. 
https://doi.org/10.1016/j.envres.2018.10.036 

P025 Canan, F., Yildirim, O., Sinani, G., Ozturk, O., Ustunel, T. Y., & Ataoglu, A. 
(2013). Internet addiction and sleep disturbance symptoms among 
Turkish high school students. Sleep and Biological Rhythms, 11(3), 210-
213. https://doi.org/10.1111/sbr.12022 

P026 Chan, H. S. (2014). The associations between video gaming, sleep, and 
neuropsychological functioning in Hong Kong children [Master’s Thesis, 
The University of Hong Kong]. The HKU Scholars Hub. 
http://hdl.handle.net/10722/209534 

P027 Chang, A. K., & Choi, J. (2016). Predictors of sleep quality among young adults 
in Korea: Gender differences. Issues in Mental Health Nursing, 37(12), 
918-928. https://doi.org/10.1080/01612840.2016.1235636 

P028 Chatterjee, S., & Kar, S. K. (2021). Smartphone addiction and quality of sleep 
among Indian medical students. Psychiatry, 84(2), 182-191. 
https://doi.org/10.1080/00332747.2021.1907870 

P029 Chen, B., Liu, F., Ding, S., Ying, X., Wang, L., & Wen, Y. (2017). Gender 
differences in factors associated with smartphone addiction: A cross-
sectional study among medical college students. BMC Psychiatry, 17. 
Article 341. https://doi.org/10.1186/s12888-017-1503-z 

P030* Chen, B., Ying, X., Fang, L., Li, F., & Yue, N. (2016). Relationship between 
smartphone addiction, sleep and depression in college students from a 
medical school (In Chinese). Journal of Chifeng University (Natural 
Science Edition), 32(6), 191-193. https://doi.org/10.3969/j.issn.1673-
260X.2016.06.074 



O V E R L A P  M A P  

257 

Code Reference 
P031* Chen, X. (2018). Correlation study between mobile phone dependence syndrome 

and sleep quality and personality traits among college nursing students 
(in Chinese). Chinese Nursing Research, 32(21), 3440-3443. 
https://caod.oriprobe.com/articles/55169661/Correlation_study_betwee
n_mobile_phone_dependence_.htm 

P032 Chen, Y.-L., & Gau, S. S. (2016). Sleep problems and internet addiction among 
children and adolescents: A longitudinal study. Journal of Sleep Research, 
25(4), 458-465. https://doi.org/10.1111/jsr.12388 

P033* Cheng, L., Zhang, H., Chen, Y., & Pang, X. (2020). Relationship of mobile phone 
dependence, resilience and sleep quality among private college students 
(in Chinese). Occupation and Health, 36(10), 1407-1410. 
http://www.zyyjk.com.cn/EN/1004-1257/home.shtml 

P034 Cheng, S. H., Shih, C.-C., Lee, I. H., Hou, Y.-W., Chen, K. C., Chen, K.-T., Yang, 
Y. K., & Yang, Y. C. (2012). A study on the sleep quality of incoming 
university students. Psychiatry Research, 197(3), 270-274. 
https://doi.org/10.1016/j.psychres.2011.08.011 

P035 Cheung, L. M., & Wong, W. S. (2011). The effects of insomnia and internet 
addiction on depression in Hong Kong Chinese adolescents: An 
exploratory cross‐sectional analysis. Journal of Sleep Research, 20(2), 
311-317. https://doi.org/10.1111/j.1365-2869.2010.00883.x 

P036 Choi, K., Son, H., Park, M., Han, J., Kim, K., Lee, B., & Gwak, H. (2009). Internet 
overuse and excessive daytime sleepiness in adolescents. Psychiatry & 
Clinical Neurosciences, 63(4), 455-462. 
https://doi.org/10.1111/j.1440-1819.2009.01925.x 

P037 Choo, H., Gentile, D. A., Sim, T., Li, D., Khoo, A., & Liau, A. K. (2010). 
Pathological video-gaming among Singapore youth. Annals Academy of 
Medicine, 39, 822-829. https://doi.org/10.47102/annals-
acadmedsg.V39N11p822 

P038 Chung, J. E., Choi, S. A., Kim, K. T., Yee, J., Kim, J. H., Seong, J. W., & Gwak, H. S. 
(2018). Smartphone addiction risk and daytime sleepiness in Korean 
adolescents. Journal of Paediatrics and Child Health, 54(7), 800-806. 
https://doi.org/10. 1111/jpc.13901 

P039 Das-Friebel, A., Lenneis, A., Realo, A., Sanborn, A., Tang, N. K. Y., & Wolke, D. 
(2020). Bedtime social media use, sleep, and affective wellbeing in young 
adults: An experience sampling study. Journal of Child Psychology and 
Psychiatry, 61(10), 1138-1149. https://doi.org/10.1111/jcpp.13326 



A P P E N D I X  B  

258 

Code Reference 
P040 De Pasquale, C., Sciacca, F., Martinelli, V., Chiappedi, M., Dinaro, C., & Hichy, Z. 

(2020). Relationship of internet gaming disorder with psychopathology 
and social adaptation in Italian young adults. International Journal of 
Environmental Research and Public Health, 17(21), Article 8201. 
https://doi.org/10.3390/ijerph17218201 

P041 de Vries, H. T., Nakamae, T., Fukui, K., Denys, D., & Narumoto, J. (2018). 
Problematic internet use and psychiatric co-morbidity in a population of 
Japanese adult psychiatric patients. BMC Psychiatry, 18(1), Article 9. 
https://doi.org/10.1186/s12888-018-1588-z 

P042 Demir, Y. P., & Sümer, M. M. (2019). Effects of smartphone overuse on 
headache, sleep and quality of life in migraine patients. Neurosciences, 
24(2), 115-121. https://doi.org/10.17712/nsj.2019.2.20180037 

P043 Demirci, K., Akgönül, M., & Akpinar, A. (2015). Relationship of smartphone use 
severity with sleep quality, depression, and anxiety in university 
students. Journal of Behavioral Addictions, 4(2), 85-92. 
https://doi.org/10.1556/2006.4.2015.010 

P044 Dewi, R. K., Efendi, F., Has, E. M. M., & Gunawan, J. (2018). Adolescents' 
smartphone use at night, sleep disturbance and depressive symptoms. 
International Journal of Adolescent Medicine and Health, 33(2), Article 
20180095. https://doi.org/10.1515/ijamh-2018-0095 

P045 Dharmadhikari, S. P., Harshe, S. D., & Bhide, P. P. (2019). Prevalence and 
correlates of excessive smartphone use among medical students: A 
cross-sectional study. Indian Journal of Psychological Medicine, 41(6), 
549-555. https://doi.org/10.4103/IJPSYM.IJPSYM_75_19 

P046 Dissing, A. S., Rod, N. H., Gerds, T. A., & Lund, R. (2021). Smartphone 
interactions and mental well-being in young adults: A longitudinal study 
based on objective high-resolution smartphone data. Scandinavian 
Journal of Public Health, 49(3), 325-332. 
https://doi.org/10.1177/1403494820920418 

P047 Do, Y. K., Shin, E., Bautista, M. A., & Foo, K. (2013). The associations between 
self-reported sleep duration and adolescent health outcomes: What is 
the role of time spent on Internet use? Sleep Medicine, 14(2), 195-200. 
https://doi.org/10.1016/j.sleep.2012.09.004 

P048 Ekİncİ, Ö., Çelik, T., Savaş, N., & Toros, F. (2014). Association between Internet 
use and sleep problems in adolescents. Nöropsikiyatri Arşivi [Archives of 
Neuropsychiatry], 51(2), 122-128. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5353086/ 



O V E R L A P  M A P  

259 

Code Reference 
P049 ElSalhy, M., Miyazaki, T., Noda, Y., Nakajima, S., Nakayama, H., Mihara, S., & 

Mimura, M. (2019). Relationships between Internet addiction and 
clinicodemographic and behavioral factors. Neuropsychiatric Disease and 
Treatment, 15, 739-752. https://doi.org/10.2147/NDT.S193357 

P050 Evren, B., Evren, C., Dalbudak, E., Topcu, M., & Kutlu, N. (2019). The impact of 
depression, anxiety, neuroticism, and severity of internet addiction 
symptoms on the relationship between probable ADHD and severity of 
insomnia among young adults. Psychiatry Research, 271, 726-731. 
https://doi.org/10.1016/j.psychres.2018.12.010 

P051 Exelmans, L., & Van den Bulck, J. (2015). Sleep quality is negatively related to 
video gaming volume in adults. Journal of Sleep Research, 24(2), 189-
196. https://doi.org/10.1111/jsr.12255 

P052 Exelmans, L., & Van den Bulck, J. (2017a). Bedtime, shuteye time and electronic 
media: Sleep displacement is a two-step process. Journal of Sleep 
Research, 26(3), 364-370. https://doi.org/10.1111/jsr.12510 

P053 Exelmans, L., & Van den Bulck, J. (2017b). Binge viewing, sleep, and the role of 
pre-sleep arousal. Journal of Clinical Sleep Medicine, 13(8), 1001-1008. 
https://doi.org/10.5664/jcsm.6704 

P054 Exelmans, L., & Van den Bulck, J. (2018). Self-control depletion and sleep 
duration: The mediating role of television viewing. Psychology & Health, 
33(10), 1251-1268. https://doi.org/10.1080/08870446.2018.1489048 

P055 Eyvazlou, M., Zarei, E., Rahimi, A., & Abazari, M. (2016). Association between 
overuse of mobile phones on quality of sleep and general health among 
occupational health and safety students. Chronobiology International, 
33(3), 293-300. https://doi.org/10.3109/07420528.2015.1135933 

P056 Fazeli, S., Mohammadi Zeidi, I., Lin, C.-Y., Namdar, P., & Griffiths, M. D. (2020). 
Depression, anxiety, and stress mediate the associations between 
internet gaming disorder, insomnia, and quality of life during the Covid-
19 outbreak. Addictive Behaviours Reports, 12, Article 100307. 
https://doi.org/10.1016/j.abrep.2020.100307 

P057 Fernandes, B., Biswas, U. N., Tan-Mansukhani, R., Vallejo, A., & Essau, C. A. 
(2020). The impact of Covid-19 lockdown on internet use and escapism 
in adolescents. Revista de Psicología Clínica con Niños y Adolescentes, 
7(3), 59-65. https://doi.org/10.21134/rpcna.2020.mon.2056 



A P P E N D I X  B  

260 

Code Reference 
P058 Fernandez-Villa, T., Ojeda, J. A., Gomez, A. A., Carral, J., Cancela, M., & 

Delgado-Rodríguez, M., Miguel García-Martín, M., Jiménez-Mejías, E., 
Llorca, J., Molina, A. J., Moncada, R. O., Valero-Juan, L. F., & Martín, V. 
(2015). Problematic internet use in university students: Associated 
factors and differences of gender. Adicciones, 27(4) 265-275. 
https://doi.org/10.20882/adicciones.751 

P059 Fossum, I. N., Nordnes, L. T., Storemark, S. S., Bjorvatn, B., & Pallesen, S. (2014). 
The Association Between Use of Electronic Media in Bed Before Going to 
Sleep and Insomnia Symptoms, Daytime Sleepiness, Morningness, and 
Chronotype. Behavioral Sleep Medicine, 12(5), 343-357. 
https://doi.org/10.1080/15402002.2013.819468 

P060 Gaarde, J., Hoyt, L. T., Ozer, E. J., Maslowsky, J., Deardorff, J., & Kyauk, C. K. 
(2020). So much to do before I sleep: Investigating adolescent-perceived 
barriers and facilitators to sleep. Youth and Society, 52(4), 592-617. 
https://doi.org/10.1177/0044118X18756468 

P061 Galland, B. C., Gray, A. R., Penno, J., Smith, C., Lobb, C., & Taylor, R. W. (2017). 
Gender differences in sleep hygiene practices and sleep quality in New 
Zealand adolescents aged 15 to 17 years. Sleep Health, 3(2), 77-83. 
https://doi.org/10.1016/j.sleh.2017.02.001 

P062 Galland, B. C., Wilde, T., Taylor, R. W., & Smith, C. (2020). Sleep and pre-
bedtime activities in New Zealand adolescents: Differences by ethnicity. 
Sleep Health, 6(1), 23-31. https://doi.org/10.1016/j.sleh.2019.09.002 

P063 Garmy, P., & Ward, T. M. (2018). Sleep habits and nighttime texting among 
adolescents. The Journal of School Nursing, 34(2), 121-127. 
https://doi.org/10.1177/1059840517704964 

P064 Godsell, S., & White, J. (2019). Adolescent perceptions of sleep and influences on 
sleep behaviour: A qualitative study. Journal of Adolescence, 73(1), 18-
25. https://doi.org/10.1016/j.adolescence.2019.03.010 

P065 Gonzalez-Valero, G., Luis Ubago-Jimenez, J., Andres Ramirez-Graniz, I., & 
Puertas-Molero, P. (2020). Relationship between the use of video games 
and physical-healthy, psychosocial and academic indicators in primary 
schoolchildren. Journal of Human Sport and Exercise, 15(Proc2), S336-
S344. https://doi.org/10.14198/jhse.2020.15.Proc2.25 

P066 Griggs, S., Whittemore, R., Redeker, N. S., & Grey, M. (2020). Facilitators and 
barriers of sleep in young adults with type 1 diabetes. The Diabetes 
Educator, 46(3), 242-251. https://doi.org/10.1177/0145721720916179 



O V E R L A P  M A P  

261 

Code Reference 
P067 Gündoğmuş, I., Taşdelen Kul, A., & Çoban, D. A., (2020). Investigation of the 

relationship between social network usage and sleep quality among 
university students. Anatolian Journal of Psychiatry, 21(2), 141-148. 
https://doi.org/10.5455/apd.55929 

P068 Haripriya, S., Samuel, S. E., & Megha, M. (2019). Correlation between 
Smartphone Addiction, Sleep Quality and Physical Activity among Young 
Adults. Journal of Clinical and Diagnostic Research, 13(10), YC05-YC09. 
https://doi.org/10.7860/JCDR/2019/42168.13212 

P069 Hawi, N. S., Samaha, M., & Griffiths, M. D. (2018). Internet gaming disorder in 
Lebanon: Relationships with age, sleep habits, academic achievement. 
Journal of Behavioral Addictions, 7(1), 70-78. 
https://doi.org/10.1556/2006.7.2018.16 

P070 Hedin, G., Norell-Clarke, A., Hagell, P., Tønnesen, H., Westergren, A., & Garmy, 
P. (2020). Facilitators and barriers for a good night's sleep among 
adolescents. Frontiers in Neuroscience, 14, Article 92. 
https://doi.org/10.3389/fnins.2020.00092 

P071 Herlache, A. D., Lang, K. M., & Krizan, Z. (2018). Withdrawn and wired: 
Problematic internet use accounts for the link of neurotic withdrawal to 
sleep disturbances. Sleep Science, 11(2), 69-73. 
https://doi.org/10.5935/1984-0063.20180015 

P072 Hökby, S., Hadlaczky, G., Westerlund, J., Wasserman, D., Balazs, J., 
Germanavicius, A., Machín, N., Meszaros, G., Sarchiapone, M., Värnik, A., 
Varnik, P., Westerlund, M., & Carli, V. (2016). Are Mental Health Effects of 
Internet Use Attributable to the Web-Based Content or Perceived 
Consequences of Usage? A Longitudinal Study of European Adolescents. 
JMIR Mental Health, 3(3), Article e31. 
https://doi.org/10.2196/mental.5925 

P073 Hysing, M., Pallesen, S., Stormark, K. M., Jakobsen, R., Lundervold, A. J., & 
Sivertsen, B. (2015). Sleep and use of electronic devices in adolescence: 
Results from a large population-based study. BMJ Open, 5(1), Article 
e006748. https://doi.org/10.1136/bmjopen-2014-006748 

P074 Ikeda, K., & Nakamura, K. (2014). Association between mobile phone use and 
depressed mood in Japanese adolescents: A cross-sectional study. 
Environmental Health and Preventive Medicine, 19, 187-193. 
https://doi.org/10.1007/s12199-013-0373-3 



A P P E N D I X  B  

262 

Code Reference 
P075 Islam, M. A., & Hossin, M. Z. (2016). Prevalence and risk factors of problematic 

internet use and the associated psychological distress among graduate 
students of Bangladesh. Asian Journal of Gambling Issues and Public 
Health, 6, Article 11.  https://doi.org/10.1186/s40405-016-0020-1 

P076 Jakobsson, M., & Josefsson, K. (2020). Reasons for sleeping difficulties as 
perceived by adolescents: A content analysis. Scandinavian Journal of 
Caring Sciences, 34(2), 464-473. https://doi.org/10.1111/scs.12750 

P077 Jakobsson, M., Sundin, K., & Josefsson, K. (2020). “I want to sleep, but I can't”: 
Adolescents' lived experience of sleeping difficulties. The Journal of 
School Nursing, 38(5), 449-458. 
https://doi.org/10.1177/1059840520966011 

P078 Jenaro, C., Flores, N., Gómez-Vela, M., González-Gil, F., & Caballo, C. (2007). 
Problematic internet and cell-phone use: Psychological, behavioral, and 
health correlates. Addiction Research & Theory, 15(3), 309-320. 
https://doi.org/10.1080/16066350701350247 

P079* Jiang, J., He, J., & Wang, J. (2019). Association between smartphone addiction 
and sleep quality and mediating role of generalized anxiety among 
students in a medical college of Nanjing City (in Chinese). Occupation 
and Health, 35(13), 1851-1853. 
https://doi.org/10.13329/j.cnki.zyyjk.2019.0484 

P080 Johansson, A. E. E., Petrisko, M. A., & Chasens, E. R. (2016). Adolescent sleep 
and the impact of technology use before sleep on daytime function. 
Journal of Pediatric Nursing, 31(5), 498-504. 
https://doi.org/10.1016/j.pedn.2016.04.004 

P081 Jones, M. J., Dawson, B., Gucciardi, D. F., Eastwood, P. R., Miller, J., Halson, S. L, 
Dunican, I. C., Peeling, P. (2019). Evening electronic device use and sleep 
patterns in athletes. Journal of Sports Sciences, 37(8), 864-870. 
https://doi.org/10.1080/02640414.2018.1531499 

P082 Kadam, Y. R., Patil, W., SR, V, G., & A.D. (2016). Influence of various lifestyle and 
psychosocial factors on sleep disturbances among the college students: 
A cross-sectional study from an urban area of India. Journal of Krishna 
Institute of Medical Sciences University, 5(3), 51–60. 
https://tinyurl.com/3v5bj7xm 

P083 Kakinami, L., O'Loughlin, E. K., Brunet, J., Dugas, E. N., Constantin, E., Sabiston, 
C. M., & O'Loughlin, J. (2017). Associations between physical activity and 
sedentary behavior with sleep quality and quantity in young adults. Sleep 
Health, 3(1), 56-61. https://doi.org/10.1016/j.sleh.2016.11.001 



O V E R L A P  M A P  

263 

Code Reference 
P084 Kawabe, K., Horiuchi, F., Oka, Y., & Ueno, S. (2019). Association between sleep 

habits and problems and Internet addiction in adolescents. Psychiatry 
Investigation, 16(8), 581-587. 
https://doi.org/10.30773/pi.2019.03.21.2 

P085 Kelly, Y., Zilanawala, A., Booker, C., & Sacker, A. (2018). Social media use and 
adolescent mental health: Findings from the UK millennium cohort study. 
EClinicalMedicine, 6, 59-68. 
https://doi.org/10.1016/j.eclinm.2018.12.005 

P086 Kenney, E. L., & Gortmaker, S. L. (2017). United States adolescents' television, 
computer, videogame, smartphone, and tablet use: Associations with 
sugary drinks, sleep, physical activity, and obesity. The Journal of 
Pediatrics, 182, 144-149. https://doi.org/10.1016/j.jpeds.2016.11.015 

P087 Kim, B.-S., Chang, S. M., Park, J. E., Seong, S. J., Won, S. H., & Cho, M. J. (2016). 
Prevalence, correlates, psychiatric comorbidities, and suicidality in a 
community population with problematic Internet use. Psychiatry 
Research, 244, 249-256. 
https://doi.org/10.1016/j.psychres.2016.07.009 

P088 Kim, K., Lee, H., Hong, J. P., Cho, M. J., Fava, M., Mischoulon, D., Kim, D. J., & 
Jeon, H. J. (2017). Poor sleep quality and suicide attempt among adults 
with internet addiction: A nationwide community sample of Korea. PLoS 
ONE, 12(4), Article e0174619. 
https://doi.org/10.1371/journal.pone.0174619 

P089 Kim, N., Hughes, T. L., Park, C. G., Quinn, L., & Kong, I. D. (2016). Resting-state 
peripheral catecholamine and anxiety levels in Korean male adolescents 
with internet game addiction. Cyberpsychology, Behavior, and Social 
Networking, 19(3), 202-208. https://doi.org/10.1089/cyber.2015.0411 

P090 King, D. L., & Delfabbro, P. (2009). The general health status of heavy video 
game players: Comparisons with Australian normative data. Journal of 
cyber therapy and rehabilitation, 2(1), 17-26. 
https://hdl.handle.net/2440/58415 

P091 King, D. L., Delfabbro, P. H., Zwaans, T., & Kaptsis, D. (2014). Sleep interference 
effects of pathological electronic media use during adolescence. 
International Journal of Mental Health and Addiction, 12, 21-35. 
https://doi.org/10.1007/s11469-013-9461-2 



A P P E N D I X  B  

264 

Code Reference 
P092 Kitazawa, M., Yoshimura, M., Murata, M., Sato‐Fujimoto, Y., Hitokoto, H., 

Mimura, M., Tsubota, K., & Kishimoto, T. (2018). Associations between 
problematic Internet use and psychiatric symptoms among university 
students in Japan: Psychiatry & Clinical Neurosciences. Psychiatry & 
Clinical Neurosciences, 72(7), 531-539. 
https://doi.org/10.1111/pcn.12662 

P093 Ko, C. H., Lin, H. C., Lin, P. C., & Yen, J. Y. (2020). Validity, functional 
impairment and complications related to internet gaming disorder in the 
DSM-5 and gaming disorder in the ICD-11. Australian & New Zealand 
Journal of Psychiatry, 54(7), 707-718. 
https://doi.org/10.1177/0004867419881499 

P094 Kojima, R., Sato, M., Akiyama, Y., Shinohara, R., Mizorogi, S., Suzuki, K. Hiroshi 
Yokomichi, H., Yamagata, Z. (2019). Problematic internet use and its 
associations with health-related symptoms and lifestyle habits among 
rural Japanese adolescents. Psychiatry and Clinical Neurosciences, 73(1), 
20-26. https://doi.org/10.1111/pcn.12791 

P095 Kootesh, B. R., Raisi, M., & Ziapour, A. (2016). Investigation of relationship 
internet addict with mental health and quality sleep in students. Acta 
Medica Mediterranea, Special issue 5, 1921-1925. 
https://www.actamedicamediterranea.com/archive/2016/special-issue-
5/investigation-of-relationship-internet-addict-with-mental-health-
and-quality-sleep-in-students 

P096 Kumar, V. A., Chandrasekaran, V., & Brahadeeswari, H. (2019). Prevalence of 
smartphone addiction and its effects on sleep quality: A cross-sectional 
study among medical students. Industrial Psychiatry Journal, 28(1), 82-
85. https://doi.org/10.4103/ipj.ipj_56_19 

P097 Lam, L. T., & Peng, Z.-W. (2010). Effect of pathological use of the internet on 
adolescent mental health: A prospective study. Archives of Pediatrics & 
Adolescent Medicine, 164(10), 901-906. 
https://doi.org/10.1001/archpediatrics.2010.159 

P098 Lane, H.-Y., Chang, C.-J., Huang, C.-L., & Chang, Y.-H. (2021). An Investigation 
into Smartphone Addiction with Personality and Sleep Quality among 
University Students. International Journal of Environmental Research and 
Public Health, 18, Article 7588. 
https://doi.org/10.3390/ijerph18147588 



O V E R L A P  M A P  

265 

Code Reference 
P099 Lange, K., Cohrs, S., Skarupke, C., Görke, M., Szagun, B., & Schlack, R. (2017). 

Electronic media use and insomnia complaints in German adolescents: 
Gender differences in use patterns and sleep problems. Journal of Neural 
Transmission, 124(Suppl1), 79-87. https://doi.org/10.1007/s00702-
015-1482-5 

P100 Leech, J. A. (2017). Changes in sleep duration and recreational screen time 
among Canadians, 1998-2010. Journal of Sleep Research, 26(2), 202-
209. https://doi.org/10.1111/jsr.12479 

P101 Lemola, S., Brand, S., Vogler, N., Perkinson-Gloor, N., Allemand, M., & Grob, A. 
(2011). Habitual computer game playing at night is related to depressive 
symptoms. Personality and Individual Differences, 51(2), 117-122. 
https://doi.org/10.1016/j.paid.2011.03.024 

P102 Lemola, S., Perkinson-Gloor, N., Brand, S., Dewald-Kaufmann, J. F., & Grob, A. 
(2015). Adolescents' electronic media use at night, sleep disturbance, 
and depressive symptoms in the smartphone age. Journal of Youth and 
Adolescence, 44(2), 405-418. https://doi.org/10.1007/s10964-014-
0176-x 

P103 Levenson, J. C., Shensa, A., Sidani, J. E., Colditz, J. B., & Primack, B. A. (2016). 
The association between social media use and sleep disturbance among 
young adults. Preventive Medicine, 85, 36-41. 
https://doi.org/10.1016/j.ypmed.2016.01.001 

P104 Levenson, J. C., Shensa, A., Sidani, J. E., Colditz, J. B., & Primack, B. A. (2017). 
Social media use before bed and sleep disturbance among young adults 
in the United States: A nationally representative study. Sleep, 40(9), 
Article zsx113. https://doi.org/10.1093/sleep/zsx113 

P105 Li, J., Lepp, A., & Barkley, J. E. (2015). Locus of control and cell phone use: 
Implications for sleep quality, academic performance, and subjective 
well-being. Computers in Human Behavior, 52, 450-457. 
https://doi.org/10.1016/j.chb.2015.06.021 

P106 Li, J.-B., Lau, J. T. F., Mo, P. K. H., Su, X.-F., Tang, J., Qin, Z.-G., & Gross, D. L. 
(2017). Insomnia partially mediated the association between problematic 
Internet use and depression among secondary school students in China. 
Journal of Behavioral Addictions, 6(4), 554-563. 
https://doi.org/10.1556/2006.6.2017.085 



A P P E N D I X  B  

266 

Code Reference 
P107* Li, L., Mei, S., & Niu, Z. (2016). Influences of smartphone addiction and negative 

affect on sleep quality among university students (in Chinese). Chinese 
Journal of Public Health, 32(5), 646-649. 
https://doi.org/10.16128/j.cnki.1005-3611.2016.02.036 

P108* Li, M. (2018). A study on the relationship among college students' social 
support, mobile phone dependence and sleep quality (in Chinese). Think 
Tank Era, 44, 163-164. 
https://oversea.cnki.net/KNavi/JournalDetail?pcode=CJFD&pykm=ZKSD&
Year=&Issue=&uniplatform=OVERSEA&language=en 

P109* Li, S., Peng, X., & Ni, P. (2020). Effects of mobile phone addiction, anxiety and 
depression on the sleep quality among junior college students (in 
Chinese). Journal of Shenyang Medical College, 22(01), 54-58. 
https://www.oriprobe.com/journals/syyxyxb.html 

P110 Lin, C. Y., Imani, V., Brostrom, A., Arestedt, K., Pakpour, A. H., & Griffiths, M. D. 
(2019). Evaluating the psychometric properties of the 7-item Persian 
Game Addiction Scale for Iranian adolescents. Frontiers in Psychology, 
10, Article 149. https://doi.org/10.3389/fpsyg.2019.00149 

P111 Lin, C. Y., Potenza, M. N., Brostrom, A., & Pakpour, A. H. (2021). Internet gaming 
disorder, psychological distress, and insomnia in adolescent students 
and their siblings: An actor-partner interdependence model approach. 
Addictive Behaviors Reports, 13, Article 100332. 
https://doi.org/10.1016/j.abrep.2020.100332 

P112 Lin, P.-H., Lee, Y.-C., Chen, K.-L., Hsieh, P.-L., Yang, S.-Y., & Lin, Y.-L. (2019). 
The Relationship Between Sleep Quality and Internet Addiction Among 
Female College Students. Frontiers in Neuroscience, 13, Article 599. 
https://doi.org/10.3389/fnins.2019.00599 

P113 Liu, Q. Q., Zhou, Z. K., Yang, X. J., Kong, F. C., Niu, G. F., & Fan, C. Y. (2017). 
Mobile phone addiction and sleep quality among Chinese adolescents: A 
moderated mediation model. Computers in Human Behavior, 72, 108-
114. https://doi.org/10.1016/j.chb.2017.02.042 

P114 Liu, S., Wing, Y. K., Hao, Y., Li, W., Zhang, J., & Zhang, B. (2019). The 
associations of long-time mobile phone use with sleep disturbances and 
mental distress in technical college students: A prospective cohort study. 
Sleep, 42(2), Article zsy213. https://doi.org/10.1093/sleep/zsy213 



O V E R L A P  M A P  

267 

Code Reference 
P115* Liu, T., Zhou, L., Tang, X., & Wang, S. (2017). Investigation of the relationship 

between mobile addiction and sleep and academic achievement in 
medical college students (in Chinese). Chinese Journal of Drug 
Dependence, 26(01), 33-37. 
http://ccj.pku.edu.cn/journal/info?jid=101875 

P116 Liu, Y., Wang, Q., Jou, M., Wang, B., An, Y., & Li, Z. (2020). Psychometric 
properties and measurement invariance of the 7-item Game Addiction 
Scale (GAS) among Chinese college students. BMC Psychiatry, 20, Article 
484. https://doi.org/10.1186/s12888-020-02830-7 

P117 Lu, X., & Yeo, K. J. (2015). Pathological internet use among Malaysia university 
students: Risk factors and the role of cognitive distortion. Computers in 
Human Behavior, 45, 235-242. 
https://doi.org/10.1016/j.chb.2014.12.021 

P118 Lund, H. G., Reider, B. D., Whiting, A. B., & Prichard, J. (2010). Sleep patterns and 
predictors of disturbed sleep in a large population of college students. 
Journal of Adolescent Health, 46(2), 124-132. 
https://doi.org/10.1016/j.jadohealth.2009.06.016 

P119 Mamun, M. A., & Griffiths, M. D. (2019). The association between Facebook 
addiction and depression: A pilot survey study among Bangladeshi 
students. Psychiatry Research, 271, 628 - 633. 
https://doi.org/10.1016/j.psychres.2018.12.039 

P120 Mamun, M. A., Hossain, M. S., Siddique, A. B., Sikder, M. T., Kuss, D. J., & 
Griffiths, M. D. (2019). Problematic internet use in Bangladeshi students: 
The role of sociodemographic factors, depression, anxiety, and stress. 
Asian Journal of Psychiatry, 44, 48-54. 
https://doi.org/10.1016/j.ajp.2019.07.005 

P121 Männikkö, N., Billieux, J., & Kääriäinen, M. (2015). Problematic digital gaming 
behavior and its relation to the psychological, social and physical health 
of Finnish adolescents and young adults. Journal of Behavioral 
Addictions, 4(4), 281-288. https://doi.org/10.1556/2006.4.2015.040 

P122 Männikkö, N., Ruotsalainen, H., Tolvanen, A., & Kääriäinen, M. (2019). 
Problematic gaming is associated with some health-related behaviors 
among Finnish vocational school students. International Journal of 
Mental Health and Addiction, 18, 993-1007. 
https://doi.org/10.1007/s11469-019-00100-6 



A P P E N D I X  B  

268 

Code Reference 
P123 Mario, S., Hannah, C., Jonathan, W. C., & Jose, L. (2014). Frequent video-game 

playing in young males is associated with central adiposity and high-
sugar, low-fibre dietary consumption. Eating and Weight Disorders, 19, 
515-520. https://doi.org/10.1007/s40519-014-0128-1 

P124 McManus, B., Underhill, A., Mrug, S., Anthony, T., & Stavrinos, D. (2020). Gender 
moderates the relationship between media use and sleep quality. Journal 
of Sleep Research, 30(4), Article e13243. 
https://doi.org/10.1111/jsr.13243 

P125 Min, K. B., Jin-young, M., Hyun-Jin, K., & Hye-Jin, K. (2017). Association between 
smartphone addiction proneness and poor sleep quality in korean 
university students. European Psychiatry, 41(S1), s332. 
https://doi.org/10.1016/j.eurpsy.2017.02.276 

P126 Mohammadbeigi, A., Absari, R., Valizadeh, F., Saadati, M., Sharifimoghadam, S., 
Ahmadi, A., Mokhtarie, M., & Ansari, H. (2016). Sleep quality in medical 
students; the impact of over-use of mobile cell-phone and social 
networks. Journal of Research in Health Science. 16(1), 46–50. 
https://journalofresearch.org/ 

P127 Murdock, K. K., Horissian, M., & Crichlow-Ball, C. (2017). Emerging adults' text 
message use and sleep characteristics: A multimethod, naturalistic study. 
Behavioral Sleep Medicine, 15(3), 228-241. 
https://doi.org/10.1080/15402002.2015.1120203 

P128 Nakayama, H., Matsuzaki, T., Mihara, S., Kitayuguchi, T., & Higuchi, S. (2020). 
Relationship between problematic gaming and age at the onset of 
habitual gaming. Pediatrics International, 62(11), 1275-1281. 
https://doi.org/10.1111/ped.14290 

P129* Nie, G., & Yang, X. (2019). Relationship between mobile phone addiction and 
sleep quality, depression among students in a medical college in 
Guangxi (in Chinese). Modern Preventive Medicine, 46(14), 2591-
2593+2611. 
https://caod.oriprobe.com/journals/xdyfyx/Modern_Preventive_Medicin
e.htm 

P130 Nishida, T., Tamura, H., & Sakakibara, H. (2019). The association of smartphone 
use and depression in Japanese adolescents. Psychiatry Research, 273, 
523-527. https://doi.org/10.1016/j.psychres.2019.01.074 

P131 Nogueira, M., Faria, H., Vitorino, A., Silva, F. G., & Neto, A. S. (2019). Addictive 
video game use: An emerging pediatric problem? Acta Médica 
Portuguesa, 32(3), 183-188. https://doi.org/10.20344/amp.10985 



O V E R L A P  M A P  

269 

Code Reference 
P132 Nowreen, N., & Ahad, F. (2018). Effect of smartphone usage on quality of sleep 

in medical students. National Journal of Physiology, Pharmacy and 
Pharmacology, 8(10), 1366-1370. 
https://doi.org/10.5455/njppp.2018.8.0620009062018 

P133 O'Keeffe, G. S., & Clarke-Pearson, K. (2011). The impact of social media on 
children, adolescents, and families. Pediatrics, 127(4), 800-804. 
https://doi.org/10.1542/peds.2011-0054 

P134 Ozcan, B., & Acimis, N. M. (2020). Sleep Quality in Pamukkale University 
Students and its relationship with smartphone addiction. Pakistan Journal 
of Medical Sciences, 37(1), 206-211. 
https://doi.org/10.12669/pjms.37.1.3130 

P135 Palimaru, A. I., Brown, R. A., Troxel, W. M., Dickerson, D. L., Johnson, C. L., & 
D'Amico, E. J. (2020). Understanding sleep facilitators, barriers, and 
cultural dimensions in Native American urban youth. Sleep Health, 6(4), 
478-488. https://doi.org/10.1016/j.sleh.2020.03.004 

P136 Park, M.-H., Park, S., Jung, K.-I., Kim, J. I., Cho, S. C., & Kim, B.-N. (2018). 
Moderating effects of depressive symptoms on the relationship between 
problematic use of the Internet and sleep problems in Korean 
adolescents. BMC Psychiatry, 18(1), Article 280. 
https://doi.org/10.1186/s12888-018-1865-x 

P137 Paterson, J. L., Reynolds, A. C., Duncan, M., Vandelanotte, C., & Ferguson, S. A. 
(2019). Barriers and enablers to modifying sleep behavior in adolescents 
and young adults: A qualitative investigation. Behavioral Sleep Medicine, 
17(1), 1-11. https://doi.org/10.1080/15402002.2016.1266489 

P138 Peltzer, K., & Pengpid, S. (2015). Depressive symptoms and social demographic, 
stress and health risk behaviour among university students in 26 low-, 
middle- and high-income countries: International Journal of Psychiatry in 
Clinical Practice. International Journal of Psychiatry in Clinical Practice, 
19(4), 259-265. https://doi.org/10.3109/13651501.2015.1082598 

P139 Peracchia, S., Triberti, S., & Curcio, G. (2017). Longer the game, better the sleep: 
Intense video game playing is associated to better sleep quality and 
better daytime functioning. Annual Review of Cybertherapy and 
Telemedicine, 15, 204-206. https://www.arctt.info/ 

P140 Power, S., Taylor, C., & Horton, K. (2017). Sleepless in school? The social 
dimensions of young people's bedtime rest and routines. Journal of 
Youth Studies, 20(8), 945-958. 
https://doi.org/10.1080/13676261.2016.1273522 



A P P E N D I X  B  

270 

Code Reference 
P141 Przybylski, A. K., Murayama, K., DeHaan, C. R., & Gladwell, V. (2013). 

Motivational, emotional, and behavioral correlates of fear of missing out. 
Computers in Human Behavior, 29(4), 1841-1848. 
https://doi.org/10.1016/j.chb.2013.02.014 

P142 Quante, M., Khandpur, N., Kontos, E. Z., Bakker, J. P., Owens, J. A., & Redline, S. 
(2019). “Let's talk about sleep": A qualitative examination of levers for 
promoting healthy sleep among sleep-deprived vulnerable adolescents. 
Sleep Medicine, 60, 81-88. 
https://doi.org/10.1016/j.sleep.2018.10.044 

P143 Randler, C., Wolfgang, L., Matt, K., Demirhan, E., Horzum, M. B., & Beşoluk, Ş. 
(2016). Smartphone addiction proneness in relation to sleep and 
morningness-eveningness in German adolescents. Journal of Behavioral 
Addictions, 5(3), 465-473. https://doi.org/10.1556/2006.5.2016.056 

P144 Reed, P., Vile, R., Osborne, L. A., Romano, M., & Truzoli, R. (2015). Problematic 
Internet usage and immune function. PLoS ONE, 10(8), Article e0134538. 
https://doi.org/10.1371/journal.pone.0134538 

P145 Rehbein, F., Kleimann, M., & Mossle, T. (2010). Prevalence and risk factors of 
video game dependency in adolescence: Results of a German nationwide 
survey. Cyberpsychology, Behavior, and Social Networking, 13(3), 269-
277. https://doi.org/10.1089/cyber.2009.0227 

P146 Rehbein, F., Kliem, S., Baier, D., Mößle, T., & Petry, N. M. (2015). Prevalence of 
internet gaming disorder in German adolescents: Diagnostic contribution 
of the nine DSM-5 criteria in a state-wide representative sample. 
Addiction, 110(5), 842-851. https://doi.org/10.1111/add.12849 

P147 Rod, N. H., Dissing, A. S., Clark, A., Gerds, T. A., & Lund, R. (2018). Overnight 
smartphone use: A new public health challenge? A novel study design 
based on high-resolution smartphone data. PloS One, 13(10), Article 
e0204811. https://doi.org/10.1371/journal.pone.0204811 

P148 Rosen, L., Carrier, L. M., Miller, A., Rokkum, J., & Ruiz, A. (2016). Sleeping with 
technology: Cognitive, affective, and technology usage predictors of 
sleep problems among college students. Sleep Health, 2(1), 49-56. 
https://doi.org/10.1016/j.sleh.2015.11.003 

P149 Royal Society for Public Health. (2017). #Status Of Mind: Social Media and Young 
People's Mental Health and Wellbeing. Royal Society for Public Health. 
https://www.rsph.org.uk/static/uploaded/d125b27c-0b62-41c5-
a2c0155a8887cd01.pdf 



O V E R L A P  M A P  

271 

Code Reference 
P150 Rudolf, K., Bickmann, P., Froböse, I., Tholl, C., Wechsler, K., & Grieben, C. 

(2020). Demographics and health behavior of video game and eSports 
players in germany: The eSports study 2019. International Journal of 
Environmental Research and Public Health, 17(6), Article 1870. 
https://doi.org/10.3390/ijerph17061870 

P151 Sadoughi, M., & Mohammad-Salehi, Z. (2018). The Relationship between 
Problematic Mobile Use and Sleep Quality among Nursing Students: The 
Mediating Role of Perceived Stress. Advances in Nursing & Midwifery, 
27(3), 15-20. https://doi.org/10.29252/ANM-027033 

P152 Salama, B. (2020). Prevalence and associated factors of Internet addiction among 
undergraduate students at Al-Beheira Governorate, Egypt. International 
Journal of Public Health, 65, 905-910. https://doi.org/10.1007/s00038-
020-01429-9 

P153 Sami, H., Danielle, L., Lihi, D., & Elena, S. (2018). The effect of sleep 
disturbances and internet addiction on suicidal ideation among 
adolescents in the presence of depressive symptoms. Psychiatry 
Research, 267, 327-332. 
https://doi.org/10.1016/j.psychres.2018.03.067 

P154 Satghare, P., Abdin, E., Vaingankar, J. A., Chua, B. Y., Pang, S., Picco, L., Poon, L. 
Y., Chong, S. A., & Subramaniam, M. (2016). Prevalence of sleep 
problems among those with internet gaming disorder in Singapore. 
ASEAN Journal of Psychiatry, 17(2), 188-198. 
https://www.aseanjournalofpsychiatry.org/abstract/prevalence-of-
sleep-problems-among-those-with-internet-gaming-disorder-in-
singapore-53447.html 

P155 Scott, H., Biello, S. M., & Woods, H. C. (2019). Identifying drivers for bedtime 
social media use despite sleep costs: The adolescent perspective. Sleep 
Health, 5(6), 539-545. https://doi.org/10.1016/j.sleh.2019.07.006 

P156 Scott, H., Gardani, M., Stephany, B., & Woods, H. (Eds.). (2016, September 13-
16). Social media use, fear of missing out and sleep outcomes in 
adolescence [Poster presentation]. In 23rd Congress of the European 
Sleep Research Society, Bologna, Italy. https://esrs.eu/event/23rd-esrs-
congress/ 

P157 Seo, J. H., Kim, J. H., Yang, K. I., & Hong, S. B. (2017). Late use of electronic 
media and its association with sleep, depression, and suicidality among 
Korean adolescents. Sleep Medicine, 29, 76-80. 
https://doi.org/10.1016/j.sleep.2016.06.022 



A P P E N D I X  B  

272 

Code Reference 
P158 Severo, R. B., Soares, J. M., Affonso, J. P., Giusti, D. A., Souza Junior, A. A., & 

Figueiredo, V. L. (2020). Prevalence and risk factors for internet gaming 
disorder. Brazilian Journal of Psychiatry, 42(5), 532-535. 
https://doi.org/10.1590/1516-4446-2019-0760 

P159 Smith, L. J., Gradisar, M., King, D. L., & Short, M. (2017). Intrinsic and extrinsic 
predictors of video-gaming behaviour and adolescent bedtimes: The 
relationship between flow states, self-perceived risk-taking, device 
accessibility, parental regulation of media and bedtime. Sleep Medicine, 
30, 64-70. https://doi.org/10.1016/j.sleep.2016.01.009 

P160 Sohn, S. Y., Krasnoff, L., Rees, P., Kalk, N. J., & Carter, B. (2021). The association 
between smartphone addiction and sleep: A UK cross-sectional study of 
young adults. Frontiers in Psychiatry, 12, Article 629407. 
https://doi.org/10.3389/fpsyt.2021.629407 

P161 Soni, R., Upadhyay, R., & Jain, M. (2017). Prevalence of smart phone addiction, 
sleep quality and associated behaviour problems in adolescents. 
International Journal of Research in Medical Sciences, 5(2), 515-519. 
https://doi.org/10.18203/2320-6012.ijrms20170142 

P162 Stefan, L., Horvatin, M., & Baic, M. (2019). Are sedentary behaviors associated 
with sleep duration? A cross-sectional case from Croatia. International 
Journal of Environmental Research and Public Health, 16(2), Article 200. 
https://doi.org/10.3390/ijerph16020200 

P163 Stockdale, L., & Coyne, S. M. (2018). Video game addiction in emerging 
adulthood: Cross-sectional evidence of pathology in video game addicts 
as compared to matched healthy controls. Journal of Affective Disorders, 
225, 265-272. https://doi.org/10.1016/j.jad.2017.08.045 

P164 Suris, J.-C., Akre, C., Piguet, C., Ambresin, A.-E., Zimmermann, G., & Berchtold, 
A. (2014). Is internet use unhealthy? A cross-sectional study of 
adolescent internet overuse. Swiss Medical Weekly, 144(4950), Article 
w14061. https://doi.org/10.4414/smw.2014.14061 

P165 Tamura, H., Nishida, T., Tsuji, A., & Sakakibara, H. (2017). Association between 
excessive use of mobile phone and insomnia and depression among 
Japanese adolescents. International Journal of Environmental Research 
and Public Health, 14(7), Article 701. 
https://doi.org/10.3390/ijerph14070701 



O V E R L A P  M A P  

273 

Code Reference 
P166 Tan, Y., Chen, Y., Lu, Y., & Li, L. (2016). Exploring associations between 

problematic internet use, depressive symptoms and sleep disturbance 
among southern Chinese adolescents. International Journal of 
Environmental Research and Public Health, 13(3), Article 313. 
https://doi.org/10.3390/ijerph13030313 

P167 Tao, S., Wu, X., Zhang, Y., Zhang, S., Tong, S., & Tao, F. (2017). Effects of sleep 
quality on the association between problematic mobile phone use and 
mental health symptoms in Chinese college students. International 
Journal of Environmental Research and Public Health, 14(2) Article 185. 
https://doi.org/10.3390/ijerph14020185 

P168 Tashjian, S. M., Mullins, J. L., & Galvan, A. (2019). Bedtime autonomy and 
cellphone use influence sleep duration in adolescents. Journal of 
Adolescent Health, 64(1), 124-130. 
https://doi.org/10.1016/j.jadohealth.2018.07.018 

P169 Tavernier, R., & Willoughby, T. (2014). Sleep problems: Predictor or outcome of 
media use among emerging adults at university? Journal of Sleep 
Research, 23(4), 389-396. https://doi.org/10.1111/jsr.12132 

P170 Tenzin, K., Dorji, T., Choeda, T., Wangdi, P., Oo, M. M., & Tripathi, J. P. (2019). 
Internet addiction among secondary school adolescents: A mixed 
methods study. Journal of Nepal Medical Association, 57(219), 344-351. 
https://doi.org/10.31729/jnma.4292 

P171 Thomas, C. J., Rothschild, J., Earnest, C. P., & Blaisdell, A. (2019). The effects of 
energy drink consumption on cognitive and physical performance in elite 
league of legends players. Sports, 7(9), Article 196. 
https://doi.org/10.3390/sports7090196 

P172 Thomée, S., Dellve, L., Härenstam, A., & Hagberg, M. (2010). Perceived 
connections between information and communication technology use 
and mental symptoms among young adults-A qualitative study. BMC 
Public Health, 10, Article 66. https://doi.org/10.1186/1471-2458-10-
66 

P173 Thomée, S., Härenstam, A., & Hagberg, M. (2011). Mobile phone use and stress, 
sleep disturbances, and symptoms of depression among young adults-A 
prospective cohort study. BMC Public Health, 11, Article 66. 
https://doi.org/10.1186/1471-2458-11-66 



A P P E N D I X  B  

274 

Code Reference 
P174 Thomée, S., Härenstam, A., & Hagberg, M. (2012). Computer use and stress, 

sleep disturbances, and symptoms of depression among young adults-A 
prospective cohort study. BMC Psychiatry, 12, Article 176 
https://doi.org/10.1186/1471-244X-12-176 

P175 Thomée, S., Lissner, L., Hagberg, M., & Grimby-Ekman, A. (2015). Leisure time 
computer use and overweight development in young adults - a 
prospective study. BMC Public Health, 15, Article 839. 
https://doi.org/10.1186/s12889-015-2131-5 

P176 Turel, O., Romashkin, A., & Morrison, K. M. (2016). Health outcomes of 
information system use lifestyles among adolescents: Videogame 
addiction, sleep curtailment and cardio-metabolic deficiencies. PloS One, 
11(5), Article e0154764. https://doi.org/10.1371/journal.pone.0154764 

P177 Turel, O., Romashkin, A., & Morrison, K. M. (2017). A model linking video 
gaming, sleep quality, sweet drinks consumption and obesity among 
children and youth. Clinical Obesity, 7(4), 191-198. 
https://doi.org/10.1111/cob.12191 

P178 van der Velden, P., Setti, I., van der Meulen, E., & Das, M. (2019). Does social 
networking sites use predict mental health and sleep problems when 
prior problems and loneliness are taken into account? A population 
based prospective study. Computers in Human Behavior, 93, 200-209. 
https://doi.org/10.1016/j.chb.2018.11.047 

P179 Vernon, L., Modecki, K. L., & Barber, B. L. (2018). Mobile phones in the bedroom: 
Trajectories of sleep habits and subsequent adolescent psychosocial 
development. Child Development, 89(1), 66-77. 
https://doi.org/10.1111/cdev.12836 

P180 Višnjić A., Veličković, V., Sokolović, D., Stanković, M., Mijatović, K., Miodrag, S.,  
Milošević, Z., & Radulović, O. (2018). Relationship between the manner of 
mobile phone use and depression, anxiety, and stress in university 
students. International Journal of Environmental Research and Public 
Health, 15(4), Article 697. https://doi.org/10.3390/ijerph15040697 

P181 Vollmer, C., Randler, C., Horzum, M. B., & Ayas, T. (2014). Computer game 
addiction in adolescents and its relationship to chronotype and 
personality. SAGE Open, 4(1), 1-9. 
https://doi.org/10.1177/2158244013518054 



O V E R L A P  M A P  

275 

Code Reference 
P182 Volungis, A. M., Kalpidou, M., Popores, C., & Joyce, M. (2020). Smartphone 

addiction and its relationship with indices of social-emotional distress 
and personality. International Journal of Mental Health and Addiction, 18, 
1209-1225. https://doi.org/10.1007/s11469-019-00119-9 

P183 Walsh, J. P. (2020). Social media and moral panics: Assessing the effects of 
technological change on societal reaction. International Journal of 
Cultural Studies, 23(6), 840-859. 
https://doi.org/10.1177/1367877920912257 

P184 Wang, P.-Y., Chen, K.-L., Yang, S.-Y., & Lin, P.-H. (2019). Relationship of sleep 
quality, smartphone dependence, and health-related behaviors in female 
junior college students. PloS One, 14(4), Article e0214769. 
https://doi.org/10.1371/journal.pone.0214769 

P185 Wenzel, H., Bakken, I., Johansson, A., Gotestam, K., & Oren, A. (2009). Excessive 
computer game playing among Norwegian adults: Self-reported 
consequences of playing and association with mental health problems. 
Psychological Reports, 105(3, Suppl), 1237-1247. 
https://doi.org/10.2466/PR0.105.F.1237-1247 

P186 Wong, H. Y., Mo, H. Y., Potenza, M. N., Chan, M. N. M., Lau, W. M., & Chui, T. K. 
(2020). Relationships between severity of internet gaming disorder, 
severity of problematic social media use, sleep quality and psychological 
distress. International Journal of Environmental Research and Public 
Health, 17(6), Article 1879. https://doi.org/10.3390/ijerph17061879 

P187 Woods, H. C., & Scott, H. (2016). #Sleepyteens: Social media use in adolescence 
is associated with poor sleep quality, anxiety, depression and low self-
esteem. Journal of Adolescence, 51(1), 41-49. 
https://doi.org/10.1016/j.adolescence.2016.05.008 

P188 Wu, X., Tao, S., Zhang, Y., Zhang, S., & Tao, F. (2015). Low physical activity and 
high screen time can increase the risks of mental health problems and 
poor sleep quality among Chinese college students. PloS One, 10(3), 
Article e0119607. https://doi.org/10.1371/journal.pone.0119607 

P189 Xanidis, N., & Brignell, C. M. (2016). The association between the use of social 
network sites, sleep quality and cognitive function during the day. 
Computers in Human Behavior, 55, 121-126. 
https://doi.org/10.1016/j.chb.2015.09.004 

P190 Xie, X., Dong, Y., & Wang, J. (2018). Sleep quality as a mediator of problematic 
smartphone use and clinical health symptoms. Journal of Behavioral 
Addictions, 7(2), 466-472. https://doi.org/10.1556/2006.7.2018.40 



A P P E N D I X  B  

276 

Code Reference 
P191 Xu, F., Adams, S. K., Cohen, S. A., Earp, J. E., & Greaney, M. L. (2019). 

Relationship between physical activity, screen time, and sleep quantity 
and quality in US adolescents aged 16-19. International Journal of 
Environmental Research and Public Health, 16(9), Article 1524. 
https://doi.org/10.3390/ijerph16091524 

P192* Yan, M., Tong, B., Guo, S., Yan, B., & Guo, L. (2018). Relationship between 
smartphone addiction behavior and sleep quality among medical 
students (in Chinese). Chinese Rural Health Service Administration, 
38(08), 1066-1069. 
https://www.oriprobe.com/journals/zgncwssygl.html 

P193 Yang, Y.-S., Yen, J.-Y., Ko, C.-H., Cheng, C.-P., & Yen, C.-F. (2010). The 
association between problematic cellular phone use and risky behaviors 
and low self-esteem among Taiwanese adolescents. BMC Public Health, 
10, Article 217. https://doi.org/10.1186/1471-2458-10-217 

P194 Ye, Y., Wang, P., Qu, G., Yuan, S., Phongsavan, P., & He, Q. (2016). Associations 
between multiple health risk behaviors and mental health among Chinese 
college students. Psychology, Health & Medicine, 21(3), 377-385. 
https://doi.org/10.1080/13548506.2015.1070955 

P195 Younes, F., Halawi, G., Jabbour, H., El Osta, N., Karam, L., Hajj, A., & Khabbaz, L. 
R. (2016). Internet addiction and relationships with insomnia, anxiety, 
depression, stress and self-esteem in university students: A cross-
sectional designed study. PLoS One, 11(9), Article e0161126. 
https://doi.org/10.1371/journal.pone.0161126 

P196 Yu, Y., Yang, X., Wang, S., Wang, H., Chang, R., Tsamlag, L., Zhang, S., Xu, C., 
Yu, X., Cai, Y., & Lau, J. T. F., (2020). Serial multiple mediation of the 
association between internet gaming disorder and suicidal ideation by 
insomnia and depression in adolescents in Shanghai, China. BMC 
Psychiatry, 20, Article 460. https://doi.org/10.1186/s12888-020-
02870-z 

P197 Zhang, M. W. B., Tran, B. X., Huong, L. T., Hinh, N. D., Nguyen, H. L. T., Tho, T. 
D., Latkin, C., & Ho, R. C. M. (2017). Internet addiction and sleep quality 
among Vietnamese youths. Asian Journal of Psychiatry, 28, 15-20. 
https://doi.org/10.1016/j.ajp.2017.03.025 

P198 Zhang, Y., Lv, S., Li, C., Xiong, Y., Zhou, C., & Li, X. (2020). Smartphone use 
disorder and future time perspective of college students: The mediating 
role of depression and moderating role of mindfulness. Child and 
Adolescent Psychiatry and Mental Health, 14, Article 3. 
https://doi.org/10.1186/s13034-020-0309-9 
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Code Reference 
P199* Zhou, L., Jin, J., & Wang, C. (2019). Study on the relationship between sleep 

quality and mobile phone dependence among college students (in 
Chinese). Psychological Monthly, 14(18), 25-27. 
https://doi.org/10.19738/j.cnki.psy.2019.18.013 

 

Note. *Eleven of the above primary sources were written in Chinese, and only 

translated English titles were provided in the source article: R08 (Li et al, 

2020). These articles—P030, P031, P033, P079, P107, P108, P109, P115, P129, 

P192, and P199—were unable to be found. Best efforts were given to find 

useful links to these articles, their journals, or databases where they could be 

found. Otherwise, the references are as reported in the source article (R08; Li 

et al., 2020).
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Appendix C 

 

Intersecting Frameworks to Map the Reviews 

 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
This Appendix documents the decisions made for Table 2 in Chapter 2, the 

intersection between the frameworks in the umbrella scoping review.
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Table C1 
 
A chart documenting decision making of intersection chart between facets of sleep health EMU Framework. 
 

Code Reference Intersect Notes 
R01 Alimoradi et al., 2019 User / satisfaction Internet addiction (user reported symptoms) / Sleep disturbances & 

sleep quality assessment 
R01 Alimoradi et al., 2019 User / Duration Internet addiction / sleep duration (Mean hours) - self report 

R02 Alonzo et al., 2021 Software / Satisfaction Social media applications / Sleep quality including various self-report 
measures subsumed. 

R03 Brautsch et al., 2023 Context / Alertness Media use at night time (context), alertness (e.g. ESS) 

R03 Brautsch et al., 2023 Context / Duration Media use at night time (context), sleep duration 

R03 Brautsch et al., 2023 Context / Satisfaction Media use at night time (context), sleep satisfaction 

R03 Brautsch et al., 2023 Context / Timing Media use at night time (context), timing of sleep (Early awakening, 
delayed bedtime) 

R03 Brautsch et al., 2023 Hardware / Alertness Specific hardware use, alertness (e.g. ESS) 

R03 Brautsch et al., 2023 Hardware / Duration Specific hardware use (mobile phones computers, tablets, game 
console, television), sleep duration 

R03 Brautsch et al., 2023  Hardware / Satisfaction Specific hardware use e.g. use of mobile phone / smartphone, sleep 
quality 

R03 Brautsch et al., 2023 Hardware / Efficiency Specific hardware use (mobile phone, screens, game console etc.), 
Efficiency (SOL) + tablets and sleep disruptions. 

R03 Brautsch et al., 2023 Hardware / Timing Specific hardware use, timing of sleep (Early awakening, delayed 
bedtime) 
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Code Reference Intersect Notes 
R03 Brautsch et al., 2023 Software / Duration Social media use and short sleep duration 

R03 Brautsch et al., 2023 Software / Satisfaction Social media and sleep quality 

R03 Brautsch et al., 2023 User / Satisfaction Measure of smartphone addiction and poor sleep quality 

R04 Chan et al., 2022 Software / Satisfaction Quantity of video game playing / Sleep quality (and insomnia 
complaints) 

R04 Chan et al., 2022 Software / Duration Quantity of video game playing / Sleep duration self report/fitbit 

R05 Kemp et al., 2021 Software / Satisfaction Video gaming volume and sleep quality (PSQI) 

R05 Kemp et al., 2021 User / Satisfaction Video gaming addiction, sleep quality (including insomnia self report) 

R06 Kristensen et al., 2021 User / Satisfaction Problematic gaming (addiction/dependence criteria), sleep quality (PSQI) 
/ insomnia "problems" 

R06 Kristensen et al., 2021 User / Alertness Problematic gaming (addiction/dependence criteria), daytime sleepiness 

R06 Kristensen et al., 2021 User / Duration Problematic gaming (addiction/dependence criteria), sleep duration 
metrics 

R08 Li et al., 2020 User / Satisfaction Smartphone addiction metrics, PSQI sleep quality 

R09 Mac Cárthaigh et al., 2020 User / Satisfaction Smartphone addiction metrics, PSQI sleep quality 

R10 MacKenzie et al., 2022 Context / Timing Night time use / restriction of use, bedtime delays 

R10 MacKenzie et al., 2022 User / Timing Habits, FOMO, bedtime delays 
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Code Reference Intersect Notes 
R10 MacKenzie et al., 2022 Software / Timing Social media platforms, bedtime delays 

R10 MacKenzie et al., 2022 Content / Timing Social interaction, bedtime delays 

R14 Ratan et al., 2021 User / Satisfaction Smartphone addiction / PSQI 

R15 Sadagheyani & Tatari, 2021 Context / Satisfaction At night, decreased sleep quality 

R15 Sadagheyani & Tatari, 2021 Hardware / Satisfaction On phones, laptops, tablets, decreased sleep quality 

R15 Sadagheyani & Tatari, 2021 Software / Satisfaction Social media, decreased sleep quality 

R16 Sánchez-Fernández et al., 2023 User / Satisfaction Internet addiction test, sleep quality 

R16 Sánchez-Fernández et al., 2023 User / Duration Internet addiction test, duration (less than 6 h daily in one study and 
“over six to 7 h or less than six to 7 h of sleep”  in another.) 

R17 Yang et al., 2020 User / Satisfaction Problematic smartphone use (addiction scales / symptoms), sleep 
quality (mostly PSQI) 

R18 Zhong et al., 2022 User / Satisfaction Smartphone addiction (SAS / SAS-SV), sleep quality PSQI 

 
Note. R7, R11, R12, and R13 were not included in the chart due to unclear definitions for sleep variables
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Appendix D 

 

Study Protocol and Treatment Manual 

 
 

 
 
 
 
 
 

This Appendix contains the Study Protocol and Treatment Manual that was given to 

the research representative who ran the study with the select participants of HMNZS 

Wellington 
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Appendix E 

 

Electronic Media Use Self Reflection Intervention Workbook 

 

 

 

 

This Appendix contains the Intervention Workbook that was given to the participants 
of the single case research design study on HMNZS Wellington. 
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Appendix F 

 

Confidentiality Agreement 

 

 

 

 

 

 

 

 

 

 

This Appendix contains the template confidentiality agreement that was signed by the 

research representative and the second rater for the actigraphy data. 
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Appendix G 

 

Orientation Guide 

 

This Appendix contains the orientation guidebook that the research representative 

worked through with the participants to introduce them to the procedures of the single 

case research design study prior to their beginning the timeseries component. 
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Appendix H 

 

Advertising for the Single Case Research Design Study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This Appendix contains the study advertising that was onboard and alongside HMNZS 
Wellington  
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Appendix I 

 

Study Information Sheet 

 

 

 

 

 

 

 

 

 

 

 

 

This Appendix contains the information sheet for the single case research design study 

that was provided to interested participants. 
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Appendix J 

 

Participant Consent Form 

 

 

 

 

 

 

 

 

 

 

 

This Appendix contains the consent forms that participants in the single case research 

design study each completed. 
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Appendix K 

 

Intake Survey 

 

 

 

 

 

 

 

 

 

 

This Appendix contains the paper and pencil version of the intake survey given to 

participants as a pre assessment and screening for the single case research design 

study. This survey was also provided on the online Qualtrics software. 
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Appendix L 

 

Follow-up Survey 

 

 

 

 

 

 

 

 

 

 

 

This Appendix contains the follow-up survey given to participants approximately six 

months after their participation in the single case research design study. This survey 

was only provided on the online Qualtrics software. 
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Appendix M 

 

Daily Measures Books Excerpt 

 

 

 

 

 

 

 

 

 

This Appendix contains an excerpt from the daily measures books that participants 

carried with them during the single case experimental design study for assessing fatigue 

and sleepiness daily throughout the six weeks of their participation in the MBD 

component. Three books were given to each participant; one per phase. The content of 

the daily measures were equivalent, though covers were different for each phase to 

quickly differentiate them. 
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Appendix N 

 

Sleep Duty Electronic Media Use Logbook 

 

This Appendix contains an excerpt of the Sleep / Duty / Electronic Media Use Logbook 

that participants were instructed to keep in their quarters for documenting time spent 

on each activity during each day. It also contained the morning measurement and a 

place to document any inbuilt screen timing application data. Each page was 

essentially equivalent apart from the introduction page. Time logs were designed for 1 

hour per cm. Transposition into this appendix has likely distorted this proportion



396       A P P E N D I X  N  

 



 

397     S L E E P  D U T Y  E M U  L O G B O O K  
 



398       A P P E N D I X  N  

 



 

399     S L E E P  D U T Y  E M U  L O G B O O K  
 



I N T E N T I O N A L L Y  B L A N K  P A G E  

400 



 

401 

 

Appendix O 

 

Psychomotor Vigilance Task Log 

 

 

 

 

 

 

 

 

 

 

This Appendix contains an excerpt of the log for identifying the participant’s self-

generated identification code to the date and time of PVT administration for data 

parsing. 
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Appendix P 

 

Actigraph Assignment Log 

 

 

 

 

 

 

 

 

 

 

This Appendix contains the log given to the research representative for identifying the 

participant’s research code to their actigraph watch. 
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Appendix Q 

 

Electronic Media Use Diaries Excerpt 

 

 

This Appendix contains an excerpt of the EMU diaries that were introduced to 

participants at the beginning of the EMU-SRI.
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Appendix R 

 
 
 

Study Events Reported by Research Representative and Study Phase Shifts 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

This Appendix contains Figure R1, a chart that documents the major events that 

occurred during the study with the RNZN. It also documents the phases of the study for 

each of the participants. It has been scaled to align with the timeseries charts 

presented in Appendices T through Y. It was used to maintain awareness of events 

that occurred during the timeseries data analysis. It can be torn off from the 

publication for use in analysing timeseries charts. 
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Figure R1 
 
Major Study Events Reported by RR and Study Phase Shifts 
 

 
 

Note. Events reported by RR: (1) Returned to land; (2) New sailing departed; (3) Left cell reception; (4) Arrived at new destination, sim 

cards issued; (5) Left cell reception; (6) "Cabin fever creeping in", Intervention session 4 for P3 and P4 postponed by one day; (7) 

Reached NZ cell reception; (8) Departed NZ, left cell reception; (9) Personal hardware recalled and returned later that day, clocks moved 

back one hour; (10) Clocks moved back one hour; (11) Personal hardware use restricted by location; (12) Personal hardware restrictions 

lifted, clocks moved forward 1 hour; (13) Clocks moved forward 1 hour. Study phase shifts:  (a) P1&2 phase 1 began; (b) P3&4 phase 1 

began; (c) P1&2 phase 2 began, P5&6 phase 1 began; (d) P3&4 phase 2 began; (e) P5&6 phase 2 began, P1&2 phase 3 began; (f) P3&4 phase 3 

began; (g) P5&6 phase 3 began, P1&2 end of phase 3; (h) P3&4 end of phase 3; (i) P5&6 end of phase 3.  
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Participants 1 and 2.  Participants 1 and 2 began the timeseries component on study day 1, 25 October 2021. They collected baseline 

measurement until they began phase two on study day 15, 8 November 2021. On this same day the ship left for a new sailing, and they 

had their first intervention session. Session 2 was on study day 17, Wednesday 10 November 2021; session 3 on study day 22, 15 

November 2021; and finally, session 4 on study day 24, 17 November 2021. 

Participants 3 and 4. Participants 3 and 4 began the timeseries component on study day 8, 1 November 2021. They collected baseline 

measurement until they began phase two. Halfway through baseline measurement the ship departed for the new sailing. They began 

phase 2 on study day 22, 15 November 2021. On this same day the ship arrived at the new destination, and they had their first 

intervention session. Session 2 was on study day 24, Wednesday 17 November 2021; session 3 on study day 29, 22 November 2021; and 

finally, session 4 was postponed by a day to study day 32, 25 November 2021. 

Participants 5 and 6.  Participants 5 and 6 began the timeseries component on study day 15, 8 November 2021, as the ship left for its 

new sailing. Halfway through baseline measurement the ship arrived at the new destination. They collected baseline measurement 

until they began phase two. They began phase 2 on study day 29, 22 November 2021. On this same day they had their first intervention 

session. Session 2 was on study day 31, Wednesday 24 November 2021; session 3 was on study day 36, 29 November 2021, this same day 

the ship returned to cellphone reception in Aotearoa. Session 4 was on study day 38, 1 December 2021. 
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Appendix S 

 

Assessing Time of Day Influence on Time Sensitive Measures 

 

 

 

 

 

 

 

 

 

 

This appendix considers the influence of time of day on the self-reported fatigue and 

sleepiness scores, and PVT RRT/minute slopes of participants in the Single Case 

Research Design study (Chapter 4) 
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Assessing Time of Day Influence on Time Sensitive Measures 

Circadian phase influences subjective fatigue and sleepiness ratings, as well as 

PVT-assessed vigilance and fatigue (Gander et al., 2015, Balkin & Wesensten, 2011). 

Participants in Single Case Research Design study (Chapter 4 of this thesis) were 

instructed to record SPFS and KSS scores at as close to the same time every day for 6 

weeks to test the influence of an intervention targeting EMU on subjective fatigue 

and sleepiness. They were also instructed to complete 10 minute PVTs as close to the 

same time of day thrice weekly. Some participants completed their measures at 

differing times from day to day. Therefore it was important to account for the 

hypothesised effect of time-of-day on sleepiness and fatigue which could be 

influencing both self-report fatigue and sleepiness scores and PVT performance. In 

particular, the decrement in performance observed from minute to minute over the 

course of a 10 minute PVT, which documents a measure of cognitive fatigue shows a 

marked effect of time of day (Balkin & Wesensten, 2011). This appendix documents 

the processes of assessing for the impact of time of day of these assessments on their 

scores, and also documents the process of correcting for time of day of PVT 

assessment on RRT vs minute slope scores.  

Method 

Full context of this study is documented in Chapter 4. Of relevance here; 

participants carried self-report measures books containing SPFS and KSS 

assessments for scoring subjective fatigue and sleepiness as close as possible to the 

same time every day for 6 weeks. Ten-minute PVTs were also completed thrice 

weekly during the study. PVT files were parsed and analysed through REACT 

software which analysed RRT vs minute slopes as a measure of the fatiguing effect of 
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time on task on the PVTs. All scores were transcribed into an MS Excel workbook. 

Scatterplots were drawn up to map respective scores of each measure by time of day 

of measurement. Timeseries charts mapping time of day by study day were also 

drawn up to assess for any systemic changes in time of day that measures were 

reported over the course of the study for each participant. Charts were primarily 

explored visually (Tukey, 1977). For the PVTs, RRT vs minute slope scores showed in 

some cases clear curvilinear relationship, therefore binomial regression functions 

were calculated in MS Excel for each participant. This regression function captured 

an estimate of the variation in fatigue propensity based on time of day of PVT 

administration. These functions were then subtracted from each of the raw RRT vs 

minute slope scores based on the time of day of assessment to create a final chart for 

each participant: RRT vs minute slope corrected for time of day of assessment. 

Results 

Self Report Daily Measures 

Figure S1 shows the scatterplots for the five participants graphing time of day 

against SPFS scores. Figure S2 shows scatterplots for the five participants graphing 

time of day against KSS scores. Figure S3 shows basic timeseries charts assessing 

whether there were any trends or any systemic changes over study days in variation 

in time of day that the self-report (daily) measures were taken.  

The self-report scores obtained by participant P2 were the only ones that 

showed a small trend based on time of day: subjective sleepiness and fatigue scores 

increased as the time became later. In the linear model employed by MS Excel Time 

of day explained 37% of the variance in fatigue scores and 34% of changes in 
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sleepiness scores for that participant. In all the others less than 10% of variance was 

explained by time of day. P5 completed all measures at the same time. 

The charts in Figure S3 show that the only participant who had significant 

systematic changes to daily measures book measurement time was P3 who assessed 

their daily measures two hours later after day 18. 

 

 

 

 

  



T I M E  O F  D A Y  I N F L U E N C E  

417 

Figure S1 

SPFS scores as a function of time of day for five participants 
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Figure S2 

KSS scores as a function of time of day for five participants 
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Figure S3 

Time of day for SPFS and KSS measures as a function of study day 
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PVTs 

Figure S4 

PVT fatigue slopes (RRT vs minute slopes) as a function of time of day for 5 participants
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Figure S5 

Time of Day of PVT Assessment vs. Study Day for P1–P5 
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Illustrative Instance: P1 

To outline the rationale for the creation of the RRT vs minute slopes corrected 

for time of day, let us take the illustrative instance of participant 1’s RRT vs minute 

slope scores. Figure S6 duplicates Figure T15 (See appendix T). We can see an increase 

in fatigue propensity evidenced by flat slopes in baseline and generally negative 

slopes in phases 2 and 3 of the study. 

Figure S6 

RRT vs Minute Slope as a Function of Study Day for P1 

 

Figure S7 (opposite) duplicates Figure S5 (P1, see previous page) with timeseries lines 

added to more clearly see how time of day of PVT assessment changed from baseline 

phase to phases 2 and 3. 
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Figure S7 

Time of Day of PVT Assessment vs. Study Day for P1 

Figure S7 shows that during baseline, P1 completed measures earlier afternoon, or 

later evening, whereas in phases 2 and 3, measures tended to be in later afternoon or 

early evening. This pattern of performance is shown more clearly below in Figure S8 

(overleaf) wherein performance fatigue as shown by RRT vs minute slopes is mapped 

vs time of day of assessment for participant 1. 
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Figure S8 

Fatigue Slope vs Time of Day for P1 

 

 

Note.  ◊ Indicate baseline measures, whereas • indicate measures from phases 2 and 

3.  Equation is best fitting binomial regression curve calculated in MS Excel.  

PVT RRT vs minute slopes showed a curvilinear relationship to time of day in this 

case. The binomial function fit by MS Excel could account for 43.85% variance in this 

score for this participant. In the fatigue slope graph. When compared with Baseline 

measurement, PVTs occurred more during an obvious trough of performance in time 

of day in phases 2 and 3, indicated by the solid black circular markers. The variation 
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in time of day documented here could account for some of the apparent fatigue 

propensity exacerbation of P1 from baseline to intervention and follow-up phases in 

the MBD study. 

The function for P1’s RRT vs. Minute slope score vs. time of day of 

measurement calculated by MS Excel (see Figure S8) = y = 3.399x2 - 5.3995x + 2.0689 

where y = RRT vs minute slope, and x = time of day. This function was subtracted 

from each score for P1 to correct for assessment of time of day. The transformed 

values were plotted against time of day, illustrated in figure S9. 

Figure S9 

Transformed RRT vs Minute Slopes VS Time of Day for P1 
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declining performance between baseline and phases 2 and 3 (in figure S6) disappears 

when correcting for time of day. 

Figure S10 

RRT vs Minute Slope Score Corrected for Time of Day as a Function of Study Day P1 

 

The same process of transformation was completed with the other participants’ RRT 

vs minute slope scores on the PVT. The results of these are presented for each 
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following their uncorrected timeseries charts to facilitate comparison. 
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showed a clear shifting performance based on time of day. Participants showed a 

great breadth in the time of day of their PVT testing. Correction for this was 

attempted through finding and subtracting the curvilinear regression function that 

most closely matched the influence of time of day on their RRT vs minute slopes in a 

best attempt to remove the influence of time of day on testing. An example was given 

of this process in this appendix: P1 initially showed a medium-strong relationship 

between RRT/Minute slope and time of day, when time of day of testing function was 

subtracted from the scores, the declining performance between baseline and phases 2 

and 3 disappeared. Similar subtractions were done for all the PVT scores for 

interpretation in the main SCRD study and are presented in the following appendices 

T–X which plot individual’s results. 
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Appendix T 

 
 

Individual Results for P1 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

This appendix shows individual results for P1 from multiple baseline single case 

experimental design study described in Chapter 5 of this thesis. Timeseries charts for 

each of the outcome measures are included. As many of these charts are similar, a 

general note is provided here: while these charts are separated into the three study 

phases represented by vertical lines, Percentage of nonoverlapping data assessment 

concatenated phases 2 and 3, as these represented the time after the introduction of 

the intervention. Discontinuous lines within phases indicate missing data. Fine dotted 

horizontal lines represent within phase medians, dashed horizontal lines represent 

overall medians. 

 
 



A P P E N D I X  T  

430 

Appendix T: Individual Results for P1 

EMU Overview 

Table T1 

EMU Time Recorded by Device Organised by Intended Activities for P1 

Device (Activities) 
Sum of time 

recorded (Minutes) 
Phone   480 

Call      40 
Call/ Trademe      85 
Facebook      60 
Facebook / Trademe      70 
Games / Facebook      60 
Games / Music      90 
Google      45 
Photos      30 

Game Console   270 
Game      270 

TV   670 
Movie      370 
TV Series      300 

Total         1420 
 

Note. TV: Television. 
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Figure T2 

Categorising EMU Descriptions and Communal Use for P1 

Note. a. Personal versus communal EMU was identified through the EMU audits 

based on identified hardware of use from expected devices fields in the EMU diaries. 

Proportions were calculated based on sums of time spent per hardware identified in 

the diaries from which time spent could be inferred. b. Entries were categorised 

based on aspects of EMU identified in both expected- and extra activities fields and 

based on number of entries. 

Timeseries Charts 

The following timeseries charts (Figures T3 through T16) were plotted to 

determine the effectiveness of the intervention on changing variables of EMU, sleep 

and daytime functioning measures. On each chart, dashed lines represent the overall 

median, and the finer dotted lines represent the median for the individual phases to 

aid in visual analysis. Percentage of nonoverlapping data (PND) is presented in the 

notes of each chart. To calculate percentage of nonoverlapping data, phases 2 and 3 

were concatenated for a measure of change after the introduction of the intervention. 

A general guideline for PND: scores below 50% are indicate less than effective; scores 

from 50% to 70% indicate questionable, from 70% to 90% are indicate effective, and 

above 90% indicate highly effective interventions (Scruggs & Mastropieri, 1998). Note 

also that duty times were also recorded and charted to aid in analysis of the 

timeseries data, however in the interest of anonymity these are not reported. 

a b 

Figure T1 

A Sankey Diagram Summarising the Entries of the EMU diaries for P1 

(unfold)
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EMU 

Figure T3 

Logged EMU Time as a Function of Study Day for P1 

 

Note. Unstable baseline; PND: 14.29% under minimum of baseline; (3.57% exceeding 

maximum of baseline).  

Figure T4 

Phone Screentime as a Function of Study Day for P1 

 

Note. Unstable baseline; PND: 18.52% under minimum of baseline; (0% exceeding 

maximum of baseline). 
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Subjective Sleep Measures 

Figure T5 

Estimated Sleep Duration as a Function of Study Night for P1 

Note. Unstable baseline; PND: (8.33% under minimum of baseline); 41.67% exceeding 

maximum of baseline. 

Figure T6 

Sleep Quality as a Function of Study Night for P1 

 

Note. Unstable baseline; PND: 0% under minimum of baseline; (7.41% exceeding 

maximum of baseline). 
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Actigraphy Sleep Measures 

Figure T7 

Time in Bed as a Function of Study Night for P1 

Note. Stable Baseline; PND: (3.7% under minimum of baseline); 22.22% exceeding 

maximum of baseline. 

Figure T8 

Total Sleep Time as a Function of Study Night for P1 

 

Note. Unstable baseline; PND: (7.41% under minimum of baseline); 11.11% exceeding 

maximum of baseline. 
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Figure T9 

Wake After Sleep Onset as a Function of Study Night for P1 

 

Note. Unstable baseline; PND: 7.41% under minimum of baseline; (7.41% exceeding 

maximum of baseline) 

 

Figure T10 

Sleep Efficiency as a Function of Study Night for P1 

 

Note. Stable Baseline; PND: (11.11% under minimum of baseline); 11.11% exceeding 

maximum of baseline. 
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Figure T11 

Sleep Efficiency as a Function of Study Night for P1 

 

Note. Unstable baseline; PND: 0% under minimum of baseline; (7.41% exceeding 

maximum of baseline). SOL visually more consistent and lower when at home. 

Vigilance/Sleepiness 

Figure T12 

Subjective Sleepiness as a Function of Study Day for P1 

 

Note. KSS: Karolinska Sleepiness Scale. Unstable baseline; PND: 0% under minimum 

of baseline; (14.81% exceeding maximum of baseline). 
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Figure T13 

Psychomotor Vigilance Metrics as a Function of Study Day for P1 

 

Note. All baselines were considered stable. For overall mean reciprocal reaction time 

(RRT): PND: 20% exceeding maximum of baseline, questionable decrease in mean 

overall speed of responses (50% under minimum of baseline) particularly evident 

after day 25. For mean of slowest 10% RRT: PND: 20% exceeding maximum of 

baseline (20% under minimum of baseline). For mean of fastest 10% RRT: PND: 20% 

exceeding maximum of baseline (20% under minimum of baseline). No notable 

changes due to intervention. Note also that these were plotted and analysed 

independently, however are reported together here in the interest of conciseness. 
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Fatigue 

Figure T14 

Subjective Fatigue Score as a Function of Study Day for P1 

Note. SPFS: Samn Perelli Fatigue Scale. Unstable baseline; PND: 0% under minimum 

of baseline; (3.7% exceeding maximum of baseline). 

Figure T15 

PVT RRT/Minute Slope as a Function of Study Day for P1 

 

Note. Unstable baseline; PND: (80% under minimum of baseline); 0% exceeding 

maximum of baseline. Increase in fatigue propensity as measured by PVT. 
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Figure T16 

PVT RRT/Minute Slope Corrected for Time of Day as a Function of Study Day for P1 

 

Note. Unstable baseline; PND: 30% under minimum of baseline; 0% exceeding 

maximum of baseline. The increasing fatigue propensity plotted in the previous 

figure diminishes when the effect of time of day of testing is subtracted from scores 

(see Appendix S). 

Summary 

P1’s most frequently intended hardware was phone or TV, with less frequent 

uses of PlayStation or other game consoles. Their most commonly intended activities 

were gaming, watching TV or movies, with less frequent music listening and social 

media. Their most used extra hardware was their phone, with less frequent 

unintended TV. All PlayStation use was intended at start. Most common extra 

activity was gaming, though social media, movie watching, music listening and 

online shopping were also common intended activities. P1 recorded 97 total entries in 

their EMU diary. EMU quantity showed a surprisingly sharp immediate drop in both 

subjectively reported and screentime application recordings for P1 between baseline 

and intervention phases. This may, however, be best explained through the ship 

leaving for a new sailing on Study Day 15, the first day of intervention phase. 

Subjectively estimated nightly sleep duration and sleep quality showed minimal 

change from baseline into the intervention phase for P1. Being highly variable, the 

objective sleep outcomes scores for P1 did not show any consistent systemic changes 
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that could be attributed to the intervention’s impact. Subjective fatigue scores for P1 

were highly variable across the study, with no notable changes that could be 

attributed to the intervention. Subjective sleepiness scores were also highly variable 

within phases and showed no marked between phase changes. P1 did show slightly 

increased sleepiness scores at the very beginning of intervention phase, although this 

was likely due to increased duty at the beginnings of that phase. Average PVT 

response speed (RRT) for P1 showed a relatively stable baseline, an upwards trend in 

phase 2, and a downward trend in phase 3. This same pattern was more exaggerated 

in their mean RRT for their slowest 10% of responses, and subtler in their fastest 10% 

of responses. The impact of time on task on performance was evaluated through RRT 

vs minute slopes to capture a fatigue effect. P1 showed increased fatigue propensity 

from baseline to phases 2 and 3. When correcting P1’s scores for time of day of 

assessment however, this declining performance disappeared, so it may have been 

due to a systemic change in measurement time between these phases.  
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Appendix U 

 
 

Individual Results for P2 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This appendix shows individual results for P2 from multiple baseline single case 

experimental design study described in Chapter 5 of this thesis. Timeseries charts for 

each of the outcome measures are included. As many of these charts are similar, a 

general note is provided here: while these charts are separated into the three study 

phases represented by vertical lines, Percentage of nonoverlapping data assessment 

concatenated phases 2 and 3, as these represented the time after the introduction of 

the intervention. Discontinuous lines within phases indicate missing data. Fine dotted 

horizontal lines represent within phase medians, dashed horizontal lines represent 

overall medians. 
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Appendix U: Individual Results for P2 

EMU Overview 

Table U1 

EMU Time Recorded by Device Organised by Intended Activities for P2 

Device (Activities) 
Sum of time 

recorded (Minutes) 
Laptop   180 
   Movie through TV      180 
Phone   15,779 

Music      595 
   Music / PT      635 

Music / White Noise      510 
Music / Work      220 
Social media      945 
Social media / Call      46 
TV Series      748 
White Noise      12,080 

Phone / TV   65 
TV Series      65 

PS4   553 
Game      553 

TV   1,564 
Game      20 

   Movie      1280 
TV Series      219 

   Watch Game Console      45 
TV / Laptop   861 

Movie      861 
TV / PS4   60 

Game      60 
Total 19,062 

 

Note. PT likely stands for personal training; TV: Television.
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Figure U1 

A Sankey Diagram Summarising the Entries of the EMU diaries for P2 

(unfold)
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Figure U2 

Categorising EMU Descriptions and Communal Use for P2 

Note. a. Personal versus communal EMU was identified through the EMU audits 

based on identified hardware of use from expected devices fields in the EMU diaries. 

Proportions were calculated based on sums of time spent per hardware identified in 

the diaries from which time spent could be inferred. b. Entries were categorised 

based on aspects of EMU identified in both expected- and extra activities fields and 

based on number of entries. 

Timeseries Charts 

The following timeseries charts (Figures U3 through U16) were plotted to 

determine the effectiveness of the intervention on changing variables of EMU, sleep 

and wake functioning measures. On each chart, dashed lines represent the overall 

median, and the finer dotted lines represent the median for the individual phases to 

aid in visual analysis. Percentage of nonoverlapping data (PND) is presented in the 

notes of each chart. To calculate percentage of nonoverlapping data, phases 2 and 3 

were concatenated for a measure of change after the introduction of the intervention. 

A general guideline for PND: scores below 50% are indicate less than effective; scores 

from 50% to 70% indicate questionable, from 70% to 90% are indicate effective, and 

above 90% indicate highly effective interventions (Scruggs & Mastropieri, 1998). Note 

also that duty times were recorded and charted to aid in analysis of the timeseries 

data, however in the interest of anonymity these are not reported. 

a b 
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EMU 

Figure U3 

Logged EMU Time as a Function of Study Day for P2 

 

Note. Unstable baseline; PND: 3.57% under minimum of baseline; (57.14% exceeding 

maximum of baseline). Questionable increase in reported EMU following 

intervention. 

Figure U4 

Phone Screentime as a Function of Study Day for P2 

 

Note. Unstable baseline; PND: 62.96% under minimum of baseline; (0% exceeding 

maximum of baseline). Questionable decrease in EMU following intervention, 

possibly due to contextual changes (note that days 1 and 2 with <100 mins were 

during the conclusion of previous sailing, the ship left for new sailing as phase 2 
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began; and the peak at day 37 occurred as HMNZS Wellington returned to NZ cell 

phone reception. 

Subjective Sleep Measures 

Figure U5 

Estimated Sleep Duration as a Function of Study Night for P2 

Note. Unstable baseline; PND: (0% under minimum of baseline); 0% exceeding 

maximum of baseline. 

Figure U6 

Sleep Quality as a Function of Study Night for P2 

 

Note. Unstable baseline; PND: 0% under minimum of baseline; (0% exceeding 

maximum of baseline). 
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Actigraphy Sleep Measures 

Figure U7 

Time in Bed as a Function of Study Night for P2 

Note. Unstable baseline; PND: (3.7% under minimum of baseline); 0% exceeding 

maximum of baseline. 

Figure U8 

Total Sleep Time as a Function of Study Night for P2 

 

Note. Unstable baseline; PND: (7.41% under minimum of baseline); 0% exceeding 

maximum of baseline. 

 

0

100

200

300

400

500

600

700

800

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41

TI
B 

(m
in

)

Study night

0

100

200

300

400

500

600

700

800

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41

TS
T 

(m
in

)

Study night



A P P E N D I X  U  

450 

Figure U9 

Wake After Sleep Onset as a Function of Study Night for P2 

 

Note. Unstable baseline; PND: 29.63% under minimum of baseline; (11.11% exceeding 

maximum of baseline). 

Figure U10 

Sleep Efficiency as a Function of Study Night for P2 

 

Note. Stable Baseline; PND: (22.22% under minimum of baseline); 29.63% exceeding 

maximum of baseline. 
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Figure U11 

Sleep Onset Latency as a Function of Study Night for P2 

 

Note. Unstable baseline; PND: 3.7% under minimum of baseline; (3.7% exceeding 

maximum of baseline). 

Vigilance/Sleepiness 

 

Figure U12 

Subjective Sleepiness as a Function of Study Day for P2 

 

Note. KSS: Karolinska Sleepiness Scale. Unstable baseline; PND: 0% under minimum 

of baseline; (3.7% exceeding maximum of baseline). 
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Figure U13 

Overall Psychomotor Vigilance Metrics as a Function of Study Day for P2 

 

Note. P2: For overall mean reciprocal reaction time (RRT): Stable Baseline; PND: 

(58.33% under minimum of baseline); 8.33% exceeding maximum of baseline; For 

mean of slowest 10% RRT: Stable Baseline; PND: (50% under minimum of baseline); 

8.33% exceeding maximum of baseline. For mean of fastest 10% RRT: Stable Baseline; 

PND: (33.33% under minimum of baseline); 0% exceeding maximum of baseline. 

Questionable decreases in mean RRT and mean RRT of slowest 10% of responses, 

fastest 10% of responses showed no notable effect. Note that these were plotted and 

analysed independently, however are reported in a single chart here in the interest of 

conciseness. 
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Fatigue 

Figure U14 

Subjective Fatigue Score as a Function of Study Day for P2 

 

Note. SPFS: Samn Perelli Fatigue Scale. Unstable baseline; PND: 0% under minimum 

of baseline; (3.7% exceeding maximum of baseline). 

Figure U15 

PVT RRT/Minute Slope as a Function of Study Day for P2 

 

Note. Unstable baseline; PND: (8.33% under minimum of baseline); 0% exceeding 

maximum of baseline. 
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Figure U16 

PVT RRT/Minute Slope Corrected for Time of Day as a Function of Study Day for P2 

 

Note. Unstable baseline; PND: 0% under minimum of baseline; 0% exceeding 

maximum of baseline. No notable effect of intervention on fatigue propensity when 

correcting for time of day (see Appendix S). 

Intake and Follow-up Assessment 

Figure U17 

Intake and 6-Month Follow-up Assessment for P2 

 

Note. Numbers rounded to 2 decimal places for the MTUAS. MTUAS score dropped by 

0.76 points, less than reliable change. PSQI scores improved to below generally 
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accepted cutoff (<5) indicating no notable sleep problems at follow up, improving by 7 

points indicating reliable change. FAS score improved by 9 points, indicating reliable 

change.  Approximately 6 months between assessments. 

Summary 

For P2, the most frequently intended hardware was their TV or phone, with 

less frequent use of PlayStation, and combination of different hardware also 

occasionally intended. Their intended activities were approximately evenly split 

between watching TV, movies, and games, with less frequent, though still present 

intentions to listen to music, white noise, and using social media. Their most used 

extra hardware was their phone, with less commonly extra use of their TV or 

PlayStation. The most common extra activity was gaming. However, music, social 

media, and TV watching also occurred on several occasions as extra activities. In 

total, P2 noted 112 total entries in their EMU diaries. P2’s EMU use time showed a 

surprisingly sharp immediate drop in both in subjectively reported and also 

measured through screentime applications use time between baseline and 

intervention phases. This was best explained through the ship leaving for a new 

sailing on study day 15, the beginning of their intervention phase. P2’s estimated 

nightly sleep duration and sleep quality showed minimal change from baseline into 

the intervention phase. Although P2 showed a slight downward trend in estimated 

sleep duration over phase 3, this was not reflected in their actigraphy outcomes and 

overall trends appeared even. There was an apparently long WASO measured by 

actigraphy for P2 on study night 34, which interestingly did not reflect in their 

subjective estimates. Otherwise, while highly variable, the sleep outcomes scores for 

P2 did not show any consistent systemic changes that could be attributed to the 

intervention’s impact. Subjective fatigue scores for P2 was highly variable across the 

study, with no notable changes that could be attributed to the intervention. Their 

subjective sleepiness scores were also highly variable within phases and showed no 

marked between phase changes. Their average response speed (RRT) in the PVTs also 

showed a relatively stable baseline, an even within-phase-2 trend, and a downward 

trend in phase 3. and while their overall mean RRT and mean RRT of slowest 10% of 

responses declined at the end of phase 3, their mean RRT for the fastest 10% of 
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responses remained high and at level with baseline. The impact of time on task on 

performance was evaluated through RRT vs minute slopes to capture a fatigue effect. 

P2 showed high within-phase variability and a slight downward, although fluctuating 

trend within phases for this fatigue effect. Phases 2 and 3 for P2 were each similar to 

baseline indicating a fluctuating pattern though consistent fatigue propensity over 

the course of the study. Time of day correction did not substantially change P2’s 

performance patterns. When comparing their intake and their 6-month follow-up 

questionnaire scores, P2 showed a reliable decrease in fatigue and a reliable 

improvement in sleep quality. Their measures of subjective longer-term EMU showed 

a decreasing trend, though this change was below the RCI threshold. 
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Appendix V 

 
 

Individual Results for P3 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

This appendix shows individual results for P3 from multiple baseline single case 

experimental design study described in Chapter 5 of this thesis. Timeseries charts for 

each of the outcome measures are included. As many of these charts are similar, a 

general note is provided here: while these charts are separated into the three study 

phases represented by vertical lines, Percentage of nonoverlapping data assessment 

concatenated phases 2 and 3, as these represented the time after the introduction of 

the intervention. Discontinuous lines within phases indicate missing data. Fine dotted 

horizontal lines represent within phase medians, dashed horizontal lines represent 

overall medians. 
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Appendix V: Individual Results for P3 

EMU Overview 

Table V1 

Time Spent on Intended Activities for P3 

Device (Activities) 
Sum of time recorded 

(Minutes) 
iPad   2103 

Creativity      25 
Emails (reading)      30 
Netflix      1658 
researching      90 
Social media      255 
(blank)      45 

Phone   448 
Call      45 
Facetime      163 
Social media      240 

TV   1112 
Lounge TV      50 
Mess TV      907 
Mess TV (movie)      155 

Total   3663 
 

Note. TV: Television
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Figure V2 

Categorising EMU Descriptions and Communal Use for for P3 

Note. a. Personal versus communal EMU was identified through the EMU audits 

based on identified hardware of use from expected devices fields in the EMU diaries. 

Proportions were calculated based on sums of time spent per hardware identified in 

the diaries from which time spent could be inferred. b. Entries were categorised 

based on aspects of EMU identified in both expected- and extra activities fields and 

based on number of entries. 

Timeseries Charts 

The following timeseries charts (figures V3 through V16) were plotted to 

determine the effectiveness of the intervention on changing variables of EMU, sleep 

and wake functioning measures. On each chart, dashed lines represent the overall 

median, and the finer dotted lines represent the median for the individual phases to 

aid in visual analysis. Percentage of nonoverlapping data (PND) is presented in the 

notes of each chart. To calculate percentage of nonoverlapping data, phases 2 and 3 

were concatenated for a measure of change after the introduction of the intervention. 

A general guideline for PND: scores below 50% are indicate less than effective; scores 

from 50% to 70% indicate questionable, from 70% to 90% are indicate effective, and 

above 90% indicate highly effective interventions (Scruggs & Mastropieri, 1998). Note 

a b 

Figure V1 

A Sankey Diagram Summarising the Entries of the EMU diaries for P3 

(unfold) 
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also that duty times were recorded and charted to aid in analysis of the timeseries 

data, however in the interest of anonymity these are not reported. 

EMU 

Figure V3 

Logged EMU Time as a Function of Study Day for P3 

 

Note. Unstable baseline; PND: 0% under minimum of baseline; (3.57% exceeding 

maximum of baseline). 

Figure V4 

Phone Screentime as a Function of Study Day for P3 

 

Note. Unstable baseline; PND: 3.7% under minimum of baseline; (0% exceeding 

maximum of baseline). 
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Subjective Sleep Measures 

Figure V5 

Estimated Sleep Duration as a Function of Study Night for P3 

 

Note. Unstable baseline; PND: (3.7% under minimum of baseline); 3.7% exceeding 

maximum of baseline. 

Figure V6 

Sleep Quality as a Function of Study Night for P3 

 

Note. Unstable baseline; PND: 25.93% under minimum of baseline; (7.41% exceeding 

maximum of baseline). 
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Actigraphy Sleep Measures 

Figure V7 

Time in Bed as a Function of Study Night for P3 

 

Note. Unstable baseline; PND: (3.7% under minimum of baseline); 0% exceeding 

maximum of baseline. 

Figure V8 

Total Sleep Time as a Function of Study Night for P3 

 

Note. Unstable baseline; PND: (29.63% under minimum of baseline); 0% exceeding 

maximum of baseline. 
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Figure V9 

Wake After Sleep Onset as a Function of Study Night for P3 

 

Note. Unstable baseline; PND: 4% under minimum of baseline; (28% exceeding 

maximum of baseline). 

Figure V10 

Sleep Efficiency as a Function of Study Night for P3 

 

Note. Stable Baseline; PND: (32% under minimum of baseline); 12% exceeding 

maximum of baseline. 
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Figure V11 

Sleep Onset Latency as a Function of Study Night for P3 

 

Note. Unstable baseline; PND: 11.54% under minimum of baseline; (23.08% exceeding 

maximum of baseline). 

Vigilance/Sleepiness 

Figure V12 

Subjective Sleepiness as a Function of Study Day for P3 

 

Note. Unstable baseline; PND: 14.81% under minimum of baseline; (0% exceeding 

maximum of baseline). 
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Figure V13 

Overall Psychomotor Vigilance Metrics as a Function of Study Day for P3 

 

Note. P3: For overall mean reciprocal reaction time (RRT): Stable Baseline; PND: 

9.09% under minimum of baseline; 9.09% exceeding maximum of baseline; For 

mean of slowest 10% RRT: Stable Baseline; PND: 9.09% under minimum of baseline; 

9.09% exceeding maximum of baseline. For mean of fastest 10% RRT: Stable 

Baseline; PND: 9.09% under minimum of baseline; 0% exceeding maximum of 

baseline. Note that these were plotted and analysed independently, however are 

reported in a single chart here in the interest of conciseness. 
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Fatigue 

Figure V14 

Subjective Fatigue Score as a Function of Study Day for P3 

 

Note. Unstable baseline; PND: 0% under minimum of baseline; (3.7% exceeding 

maximum of baseline). 

Figure V15 

PVT RRT/Minute Slope as a Function of Study Day for P3 

 

Note. Unstable baseline; PND: (27.27% under minimum of baseline); 27.27% exceeding 

maximum of baseline. 
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Figure V16 

PVT RRT/Minute Slope Corrected for Time of Day as a Function of Study Day for P3 

 

Note. Unstable baseline; PND: (18.18% under minimum of baseline); 27.27% exceeding 

maximum of baseline. 

Intake and Follow-up Assessment 

Figure V17 

Intake and 6-Month Follow-up Assessment for P3 

 

Note. MTUAS dropped by 2.36 points, indicating less than reliable change. PSQI 

dropped by 4 points, indicating less than reliable change. The FAS scores dropped 9 

points, indicating reliable change.  Approximately 6 months between assessments. 
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Summary 

For P3, the most commonly used intended hardware was TV, with less 

frequent use of their iPad and phone. The most common activities that they intended 

for their EMU were TV, movie, and Netflix, though specific content was not 

documented. Social media was also often engaged in as expected activity on their 

phone, though this was less frequent than the others. For their extra activities, their 

most used extra was their phone, and thier most engaged in extra activity was social 

media. Overall, P3 documented 106 total entries in their EMU diary. P3’s subjective 

EMU quantity showed a surprisingly sharp immediate drop in the middle of baseline 

EMU measurement. This was best explained through the ship leaving for a new 

sailing on study day 15, in the middle of their intervention phase. For P3, an even, 

although variable subjective estimate of sleep duration in baseline showed an 

upwards trend during phase 2, although this did not reach above their baseline 

measurement of sleep duration. This pattern was seemingly echoed in their time in 

bed measurements from actigraphy, although was not reflected in their 

actigraphically measured total sleep time. Consistent with this, their wake after sleep 

onset increased from baseline during phase 2 and their sleep efficiency showed a 

downward trend during both phases 2 and 3, jumping back to above baseline at the 

beginning of each phase. This pattern appeared to reflect a roughly fortnightly duty 

time pattern more so than any intervention effect. P3 reported being highly fatigued 

(SPFS score of 7) on the second day of intervention phase, this was a singular 

occurrence and balanced with a subsequent downward trend. Their subjective 

sleepiness score was highly variable within phases and showed no marked between 

phase changes. They showed stable within phase variability for mean RRT, with one 

PVT which showed marked lower speed at the end of phase 2 for both mean RRT and 

mean RRT of slowest 10% of responses; their fastest 10% speed was relatively robust 

to this performance drop. The impact of time on task on performance was evaluated 

through RRT vs minute slopes to capture a fatigue effect. P3 showed highly variable, 

although subtly increasing median within-phase fatigue scores, in line with an 

upwards trend observed in phase 1. Correcting for time of day did not substantially 

change this pattern. When comparing their intake and their 6-month follow-up 
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questionnaire scores, P3 showed a reliable decrease in fatigue, with an unreliable 

based on RCI, though still notable increase in sleep quality (4 point improvement in 

PSQI). While their MTUAS measure of EMU decreased, this change was also below 

RCI threshold of reliability. 



 

471 
 

 

Appendix W 

 
 

Individual Results for P4 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This appendix shows individual results for P4 from multiple baseline single case 

experimental design study described in Chapter 5 of this thesis. Timeseries charts for 

each of the outcome measures are included. As many of these charts are similar, a 

general note is provided here: while these charts are separated into the three study 

phases represented by vertical lines, Percentage of nonoverlapping data assessment 

concatenated phases 2 and 3, as these represented the time after the introduction of 

the intervention. Discontinuous lines within phases indicate missing data. Fine dotted 

horizontal lines represent within phase medians, dashed horizontal lines represent 

overall medians. 
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Appendix W: Individual Results for P4 

Electronic Media Use 

Table W1 

Time Spent on Intended Activities for P4 

Device (Activities) 
Sum of time 

recorded (Minutes) 
Computer   120 

Admin      120 
Phone   2010 

Game     1215 
Google Maps      15 
Movie      450 
Podcast      300 
Social media      15 
TV Series      15 

TV   2551 
Game / Movie      300 
Movie      2051 
Playstation      20 
TV Series      180 

Total   4681 
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Figure W1 

A Sankey Diagram Summarising the Entries of the EMU diaries for P4 

(unfold)
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Figure W2 

Categorising EMU Descriptions and Communal Use for P4 

Note. a. Personal versus communal EMU was identified through the EMU audits 

based on identified hardware of use from expected devices fields in the EMU diaries. 

Proportions were calculated based on sums of time spent per hardware identified in 

the diaries from which time spent could be inferred. b. Entries were categorised 

based on aspects of EMU identified in both expected- and extra activities fields and 

based on number of entries. 

Timeseries Charts 

The following timeseries charts (figures W3 through W16) were plotted to 

determine the effectiveness of the intervention on changing variables of EMU, sleep 

and wake functioning measures. On each chart, dashed lines represent the overall 

median, and the finer dotted lines represent the median for the individual phases to 

aid in visual analysis. Percentage of nonoverlapping data (PND) is presented in the 

notes of each chart. To calculate percentage of nonoverlapping data, phases 2 and 3 

were concatenated for a measure of change after the introduction of the intervention. 

A general guideline for PND: scores below 50% are indicate less than effective; scores 

from 50% to 70% indicate questionable, from 70% to 90% are indicate effective, and 

above 90% indicate highly effective interventions (Scruggs & Mastropieri, 1998). Note 

also that duty times were recorded and charted to aid in analysis of the timeseries 

data, however in the interest of anonymity these are not reported. 

a b 
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EMU 

Figure W3 

Logged EMU Time as a Function of Study Day for P4 

 

Note. Unstable baseline; PND: 3.57% under minimum of baseline; (3.57% exceeding 

maximum of baseline). 

Figure W4 

Phone Screentime as a Function of Study Day for P4 

 

Note. Unstable baseline; PND: 0% under minimum of baseline; (0% exceeding 

maximum of baseline). 
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Subjective Sleep Measures 

Figure W5 

Estimated Sleep Duration as a Function of Study Night for P4 

 

Note. Stable Baseline PND: (4% under minimum of baseline); 4% exceeding 

maximum of baseline. 

Figure W6 

Sleep Quality as a Function of Study Night for P4 

 

Note. Unstable baseline; PND: 3.7% under minimum of baseline; (3.7% exceeding 

maximum of baseline). 

 

0

100

200

300

400

500

600

700

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48

TS
T 

es
tim

at
e 

(m
in

)

Study night

0

1

2

3

4

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48

Sl
ee

p 
Q

ua
lit

y 
(P

SQ
I)

Study night



P 4  R E S U L T S  

477 

Actigraphy Sleep Measures 

Figure W7 

Time in Bed as a Function of Study Night for P4 

 

Note. Stable Baseline; (PND: 0% under minimum of baseline); 25.93% exceeding 

maximum of baseline. 

Figure W8 

Total Sleep Time as a Function of Study Night for P4 

 

Note. Unstable baseline; PND: (22.22% under minimum of baseline); 3.7% exceeding 

maximum of baseline. 
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Figure W9 

Wake After Sleep Onset as a Function of Study Night for P4 

 

Note. Unstable baseline; PND: 0% under minimum of baseline; (18.52% exceeding 

maximum of baseline). 

Figure W10 

Sleep Efficiency as a Function of Study Night for P4 

 

 

Note. Stable Baseline; PND: (22.22% under minimum of baseline); 0% exceeding 

maximum of baseline. 
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Figure W11 

Sleep Onset Latency as a Function of Study Night for P4 

 

Note. Unstable baseline; PND: 0% under minimum of baseline; (3.7% exceeding 

maximum of baseline). 

Vigilance/Sleepiness 

Figure W12 

Subjective Sleepiness as a Function of Study Day for P4 

 

Note. Unstable baseline; PND: 0% under minimum of baseline; (0% exceeding 

maximum of baseline). 
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Figure W13 

Overall Psychomotor Vigilance Metrics as a Function of Study Day for P4 

 

Note. P4: For overall mean reciprocal reaction time (RRT): Stable Baseline; PND: 

41.67% under minimum of baseline; 8.33% exceeding maximum of baseline; For 

mean of slowest 10% RRT: Unstable baseline; PND: 41.67% under minimum of 

baseline; 8.33% exceeding maximum of baseline. For mean of fastest 10% RRT: Stable 

Baseline; PND: 41.67% under minimum of baseline; 16.67% exceeding maximum of 

baseline. 
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Fatigue 

Figure W14 

Subjective Fatigue Score as a Function of Study Day for P4 

 

Note. Unstable baseline; PND: 0% under minimum of baseline;(0% exceeding 

maximum of baseline). 

Figure W15 

PVT RRT/Minute Slope as a Function of Study Day for P4 

 

Note. Unstable baseline; PND: (33.33% under minimum of baseline); 33.33% 

exceeding maximum of baseline. 
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Figure W16 

PVT RRT/Minute Slope Corrected for Time of Day as a Function of Study Day for P4 

 

 

Note. Unstable baseline; PND: (41.67% under minimum of baseline); 25% exceeding 

maximum of baseline (see Appendix S). 

Summary 

P4’s most engaged in intended hardware was TV, with less frequently 

documented phone use. Their most engaged in expected activities were watching TV 

or movies, with games also a prominent activity on their phone, and social media less 

frequent. Extra activities for P4 were rare indicating that much of their documented 

EMU was intentional, the only extra hardware that they documented was use of their 

TV and the  only extra activity that they documented was gaming. P4 documented 79 

total entries in their EMU diaries. EMU quantity showed a surprisingly sharp drop in 

the middle of baseline logged EMU time P4. This was best explained through the ship 

leaving for a new sailing on study day 15. They also showed a dramatic increase in 

logged EMU time around study day 35 which aligned with the ship reaching cellular 

reception. For P4, no substantial changes were noted in sleep quality following the 

introduction of the intervention, one marked outlying night with long SOL, WASO, 

and lowered sleep efficiency noted in actigraphy occurred following the ship leaving 

cellphone reception, and approximately when “clocks moved back one hour” twice in 

two days as reported by the research representative. Their EMU log time and phone 
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screentime reporting were relatively low on these days, so the disrupted sleep was 

likely due to other factors. Interestingly, subjective reporting of sleep quality and 

quantity impressions for P4 did not reveal these anomalous nights. Overall, no 

consistent effect of the intervention on sleep metrics was able to be found. P4 showed 

an increasing trend of subjective fatigue over both baseline and phase 2. This trend 

stabilised during phase 3 with scores hovering around the overall median (SPFS score 

5), phases 2 and 3 for P4 overlapped completely with the variable and upwards 

trending scores in baseline measurement.  Their subjective sleepiness scores were 

highly variable within phases showed no marked between phase changes. Within 

PVT metrics P4 showed a declining trend in mean overall RRT over baseline 

measurement, which appeared to become an upward trend during phase 2, although 

stabilising at a lower level in phase 3. This pattern was consistent across mean, 

slowest 10% and fastest 10% mean RRTs in the PVT. The impact of time on task on 

performance was evaluated through RRT vs minute slopes to capture a fatigue effect. 

P4 showed an increase in variability of these fatigue slopes in phase 2, decreasing in 

phase 3, with a slight elevating trend in phase 2, though more consistent in baseline 

and phase 3. These patterns remained similar after correcting for time of day of 

testing.
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Appendix X 

 
 

Individual Results for P5 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

This appendix shows individual results for P5 from multiple baseline single case 

experimental design study described in Chapter 5 of this thesis. Timeseries charts for 

each of the outcome measures are included. As many of these charts are similar, a 

general note is provided here: while these charts are separated into the three study 

phases represented by vertical lines, Percentage of nonoverlapping data assessment 

concatenated phases 2 and 3, as these represented the time after the introduction of 

the intervention. Discontinuous lines within phases indicate missing data. Fine dotted 

horizontal lines represent within phase medians, dashed horizontal lines represent 

overall medians. 
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Appendix X: Individual Results for P5 

EMU Overview 

Table X1 

Time Spent on Intended Activities for P5 

Device (Activities) 
Sum of time 

recorded (Minutes) 
Computer   188 

Email      103 
Email / Admin      75 
(blank)      10 

Phone   137 
Call      55 
Trademe      30 
Watch Video      32 
(blank)      20 

(blank)  215 
Email      10 
(blank)      205 

Grand Total   540 
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Figure X1 

A Sankey Diagram Summarising the Entries of the EMU diaries for P5 

(unfold)
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Figure X2 

Categorising EMU Descriptions and Communal Use for P5 

Note. a. Personal versus communal EMU was identified through the EMU audits 

based on identified hardware of use from expected devices fields in the EMU diaries. 

Proportions were calculated based on sums of time spent per hardware identified in 

the diaries from which time spent could be inferred. b. Entries were categorised 

based on aspects of EMU identified in both expected- and extra activities fields and 

based on number of entries. 

Timeseries Charts 

The following timeseries charts (figures X3 through X16) were plotted to 

determine the effectiveness of the intervention on changing variables of EMU, sleep 

and daytime functioning measures. On each chart, dashed lines represent the overall 

median, and the finer dotted lines represent the median for the individual phases to 

aid in visual analysis. Percentage of nonoverlapping data (PND) is presented in the 

notes of each chart. To calculate percentage of nonoverlapping data, phases 2 and 3 

were concatenated for a measure of change after the introduction of the intervention. 

A general guideline for PND: scores below 50% are indicate less than effective; scores 

from 50% to 70% indicate questionable, from 70% to 90% are indicate effective, and 

above 90% indicate highly effective interventions (Scruggs & Mastropieri, 1998). Note 

also that duty times were also recorded and charted to aid in analysis of the 

timeseries data, however in the interest of anonymity these are not reported. 
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EMU 

Figure X3 

Logged EMU Time as a Function of Study Day for P5 

 

 

Note. Unstable baseline; PND: 35.71% under minimum of baseline; (0% exceeding 

maximum of baseline). 

Figure X4 

Phone Screentime as a Function of Study Day for P5 

 

Note. Unstable baseline; PND: 37.04% under minimum of baseline; (0% exceeding 

maximum of baseline). 
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Subjective Sleep Measures 

Figure X5 

Estimated Sleep Duration as a Function of Study Night for P5 

 

Note. Unstable baseline; PND: (14.81% under minimum of baseline); 0% exceeding 

maximum of baseline. 

Figure X6 

Sleep Quality as a Function of Study Night for P5 

 

Note. Unstable baseline; PND: 7.41% under minimum of baseline; (0% exceeding 

maximum of baseline). 
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Actigraphy Sleep Measures 

Figure X7 

Time in Bed as a Function of Study Night for P5 

 

Note. Unstable baseline; PND: (3.7% under minimum of baseline); 0% exceeding 

maximum of baseline. 

Figure X8 

Total Sleep Time as a Function of Study Night for P5 

 

Note. Unstable baseline; PND: (0% under minimum of baseline); 0% exceeding 

maximum of baseline. 
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Figure X9 

Wake After Sleep Onset as a Function of Study Night for P5 

Unstable baseline; PND: 4.55% under minimum of baseline; (9.09% exceeding 

maximum of baseline). 

Figure X10 

Sleep Efficiency as a Function of Study Night for P5 

 

Note. Stable Baseline; PND: (13.64% under minimum of baseline); 4.55% exceeding 

maximum of baseline. 
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Figure X11 

Sleep Onset Latency as a Function of Study Night for P5 

 

Note. Unstable baseline; PND: 0% under minimum of baseline; (4.35% exceeding 

maximum of baseline). 

Vigilance/Sleepiness 

Figure X12 

Subjective Sleepiness as a Function of Study Day for P5 

Note. KSS: Karolinska Sleepiness Scale. Unstable baseline; PND: 0% under minimum 

of baseline; 7.14% exceeding maximum of baseline. 
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Figure X13 

Overall Psychomotor Vigilance Metrics as a Function of Study Day for P5 

 

Note. P5: For overall mean reciprocal reaction time (RRT): Stable Baseline; PND: 

18.18% under minimum of baseline; 18.18% exceeding maximum of baseline; For 

mean of slowest 10% RRT: Unstable baseline; PND: 0% under minimum of baseline; 

36.36% exceeding maximum of baseline. For mean of fastest 10% RRT: Stable 

Baseline; PND: 27.27% under minimum of baseline; 0% exceeding maximum of 

baseline. Note also that these were plotted and analysed independently, however are 

reported together here in the interest of conciseness. 
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Fatigue 

Figure X14 

Subjective Fatigue Score as a Function of Study Day for P5 

 

Note. Unstable baseline; PND: 7.14% under minimum of baseline; (10.71% exceeding 

maximum of baseline). 

Figure X15 

PVT RRT/Minute Slope as a Function of Study Day for P5 

 

Note. Unstable baseline; PND: 36.36% under minimum of baseline; 0% exceeding 

maximum of baseline. No notable effect of intervention overall between baseline and 

phases 2 and 3 based on PND, although visually, an increasing fatigue propensity was 

noted, particularly in phase 3. 
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Figure X16 

PVT RRT/Minute Slope Corrected for Time of Day as a Function of Study Day for P5 

 

Note. Unstable baseline; PND: 72.73% under minimum of baseline; 0% exceeding 

maximum of baseline. When detrended from time of day of testing (see Appendix S), 

a notable increase in fatigue propensity was noted over the course of the study as 

measured by the PVT. 

Summary 

For P5, their most documented EMU hardware of use was their phone, with 

computer use less prominent and only documented for using email or research. 

Social media was their most common intended activity, with less frequent, though 

still common intention to engage in calls and online shopping on their phone. They 

often engaged in phone use, particularly for gaming and social media without 

documenting intended activities prior. TV use was also common as extra hardware, 

most often for watching a movie. P5 showed a slight decrease in subjectively reported 

and measured through screentime EMU following the introduction intervention 

session, however, this pattern was in line with a decreasing trend, and consistent 

with their highly variable baseline data. For P5, their subjective sleep duration and 

quality remained variable and relatively similar from baseline to phases 2 and 3. 

While in baseline, P5 did not note that their sleep quality was “very good” for any 

nights. However, there were single nights in each of phases 2 and 3 where they rated 

“very good” sleep. Actigraphy results reflected a relatively stable pattern, though 
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with some disrupted sleep later in the study: In actigraphically assessed TST for P5, 

there was one sleepless night in baseline, and six relatively sleepless nights in phase 

3, one of which had extended SOL, and short TST with high efficiency. Their final 

nights were marked with no sleep in actigraphy assessment. However, these sleepless 

nights were not echoed in their estimated sleep time, so may have been measurement 

error in the actigraphy. P5 showed no trend within phases in their subjective fatigue 

scores, with similar medians (SPFS score 5) in phases 1 and 2, and a higher median 

(SPFS score 6) in phase 3. Their subjective sleepiness scores were highly variable 

within phases and showed no marked between phase changes, save for a slightly 

increased sleepiness scores at the very beginning of phase 2, although this was likely 

due to a pattern of increased duty at the beginnings of each of the phases. Overall, a 

subtle trend of increasing subjective fatigue and sleepiness was observed over the 

study period. P5 showed an increased overall RRT when comparing phase 2 to 

baseline, and then slower and more variable metrics in phase 3 for mean RRT. Similar 

changes between phases were observed for each slowest and fastest 10% of responses, 

though these effects were subtle. The impact of time on task on performance was 

evaluated through RRT vs minute slopes to capture a fatigue effect. P5 showed 

similar patterns between baseline and phase 2, with flat trends in each phase, 

although a slightly lower mean in phase 2. Increased fatigue propensity was observed 

in phase 3 for P5. When correcting for time of day of assessment, this pattern was 

exaggerated. 
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Appendix Y  

 

Individual Results for P6 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This appendix shows individual results for P6 from the multiple baseline single case 

experimental design study described in Chapter5 of this thesis. P6 was included in the 

study due to a calculation error in participant selection. Timeseries outcomes were not 

analysed for P6. This appendix therefore contains only analysis of exploratory data 

from the EMU diaries, as well as thier intake and follow-up assessments. 
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Appendix Y: Individual Results for P6 

Electronic Media Use Overview 

Table Y1 

EMU Time Recorded by Device Organised by Intended Activities for P6 

Device (Activities) 
Sum of time  

recorded (Minutes) 
iPad 743 

Music      743 
Phone 408 

Check Emails & Message      20 
Email      30 
Email / News      70 
Facetime      30 
Instagram      6 
Internet      20 
News      110 
Online      112 
Trademe      10 

TV 1363 
Movie      590 
TV      382 
TV / Movie      231 
TV on demand      50 
TV Series      110 

TV / PS4 45 
Play Video Games      45 

Total 2559 
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Figure Y1 

A Sankey Diagram Summarising the Entries of the EMU diaries for P6 

(unfold) 
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Figure Y2 

Categorising EMU descriptions and communal use 

Note. a. Personal versus communal EMU was identified through the EMU audits 

based on identified hardware of use from expected devices fields in the EMU diaries. 

Proportions were calculated based on sums of time spent per hardware identified in 

the diaries from which time spent could be inferred. b. Entries were categorised 

based on aspects of EMU identified in both expected- and extra activities fields and 

based on number of entries. 

a b 
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Intake and Follow-up Assessment 

Figure Y3 

Intake and 6-Month Follow-up Assessment for P6 

 

Note. Less than reliable change in MTUAS and PSQI global scores. Although trend 

towards lower FAS scores in follow-up assessment, still less than reliable change 

based on RCI. 

Summary 

For P6, the most often used expected devices were TV and phone. TV was often 

intended for watching a movie or TV, and phones often for gaming or music. P6 also 

used a PlayStation for gaming and an iPad, though less frequently for a variety of 

activities. The only documented extra device that they used was their phone and 

their only extra activities documented on their phone was video calling and research. 

In total they documented 36 entries in their EMU diary. Comparing P6’s intake and 

follow up questionnaire showed trends towards decreased subjective fatigue as 
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measured by the FAS, a one-point increase in PSQI, and a decrease in EMU as 

measured by the MTUAS. These changes fell below RCI thresholds. 
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Abstract 

Chronic fatigue syndrome (CFS) is a complex and mysterious condition that can 

impact a person significantly. Post exertional malaise, a primary symptom of CFS, is 

an exacerbation of fatigue following physical or cognitive exertion. Emerging 

evidence suggests that active smartphone use might induce fatigue. This may, in 

some cases, lead to impacts on the recovery from post-exertional malaise for people 

who are suspected to have CFS. 
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Research Case Study: Assessing Electronic Media Use and Sleep Alongside 

Suspected Chronic Fatigue Syndrome. 

Chronic Fatigue Syndrome 

The diagnosis of Chronic Fatigue Syndrome (CFS) includes ruling out any 

acute medical conditions and investigating other biological aetiology to the fatigue. 

Such fatigue-similar  conditions include hypothyroidism, fibromyalgia, Lyme 

disease, diabetes, multiple sclerosis, anaemia, vitamin and mineral deficiencies (see 

National Institute of Clinical Excellence; NICE, 2021, p. 95; and Young, 2020, pp. 32–

40 for an overview). As the biological disease processes that need to be ruled out, 

listed above, are ones which a client may receive clinical tests to rule out, a difficulty 

arises in clinical practice and in research settings when possibly co-morbid or causal 

psychological conditions confound diagnosis. The confounding nature of 

psychological diagnosis appears to have originated from an early definition of CFS 

(Fukuda et al., 1994). In particular, Fukuda et al, (1994) listed diagnosis of major 

depressive disorder with psychotic or melancholic features as ruling out cases of 

unexplained chronic fatigue (Fukuda et al., 1994). The latest National Institute for 

Health and Care Excellence (NICE) guidelines for diagnostic assessment of CFS 

(NICE, 2021) recommend “an assessment of the impact of symptoms on 

psychological and social wellbeing” rather than an assessment of psychopathology as 

a confound (NICE, 2021, p. 12). 

The current NICE guideline for CFS (NICE, 2021) include the following four 

diagnostic criteria for suspecting CFS, all of which must be present: (1) Debilitating 

fatigue, defined through feeling flu-like, restlessness or feeling “wired but tired”; low 

energy to start or finish activities and rapid loss of muscle strength or stamina after 
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starting an activity or the experience of feeling physically drained or cognitive 

aspects of fatigue such as loss of concentration that is worsened by activity and is not 

caused by over-exertion and is not sufficiently relieved by rest; (2) Post exertional 

malaise, which refers to an often-delayed worsening of symptoms of fatigue that 

follows a period of activity which could previously be tolerated, lasting for several 

days to weeks; (3) unrefreshing sleep or sleep disturbance, either feeling exhausted 

upon waking, or broken or shallow sleep or hypersomnia; and (4) cognitive 

difficulties including problems with concentration, memory, task switching, slowed 

speech or verbal fluency, or slowed responsiveness (NICE, 2021).  

Other diagnostic criteria for CFS from the American Institute of Medicine 

include impairment in ability to engage in activities that the person was able to 

engage in prior to their illness, post-exertional malaise, unrefreshing sleep, and 

either cognitive impairment or orthostatic intolerance (Committee on the Diagnostic 

Criteria for Myalgic Encephalomyelitis/Chronic Fatigue Syndrome et al., 2015). 

People who are suspected to have CFS, should be given the following 

recommendations; pacing and managing daily activity to not push through their 

symptoms, rest as needed, and maintain a balanced diet and stay hydrated (NICE, 

2021). These guidelines for management of suspected CFS are similar to the more 

thorough recommendations for managing diagnosed CFS (NICE, 2021). The presence 

of these symptoms indicates that, in the absence of other medical diagnoses which 

may require more urgent attention and treatment, the treatment path that can be 

followed for someone with suspected CFS can follow a similar pathway as someone 

that has a confirmed diagnosis, while waiting for further clinical tests to be 

completed. 



 R E S E A R C H  C A S E  S T U D Y  

 

509 

Fatigue and Depression 

The diagnostic criteria for major depressive disorder (MDD) contain a subset 

of physical, or neurovegetative symptoms including sleep disruption, fatigue or loss 

of energy, psychomotor agitation or retardation, and diminished ability to think or 

concentrate (American Psychiatric Association, 2022). There is some overlap between 

CFS and MDD presentations, particularly if someone experiences MDD with 

melancholic features, which can lead these two conditions to become confused. A 

core differentiating criterion between these two presentations was found to be 

severity of reported self-reproach (Hawk et al., 2006). Natelson et al. (2019) argued 

that psychological and psychiatric conditions are still important to address as they 

impact on a person’s quality of life; however, co-morbid psychiatric diagnoses should 

not rule out the presence of CFS. 

Fatigue and Somatisation 

Somatisation has been understood historically as psychological conflict or 

distress manifesting as physical symptoms either in absence of, or in the presence of 

conditions which may also manifest those symptoms (Lipowski, 1988). Lipowski 

(1988) noted a case example of what was then called Postviral asthenia syndrome 

which has similar presentation to CFS. Lipowski (1988) expressed concerns that these 

patients may be misdiagnosed as somatising, and also that they could develop 

somatisation as a result of having the symptoms being unexplained, which could 

increase focus on them, or lead to anxiety around having some associated physical 

illness. 

The latest edition of the Diagnostic and Statistical Manual of Mental disorders 

(DSM-5-TR; American Psychiatric Association, 2022) includes Somatic Symptom 
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Disorder, which replaced the diagnosis of Somatisation Disorder from the fourth 

edition (American Psychiatric Association, 1994), in order to disentangle from the 

philosophical dilemmas of mind-body dualism (American Psychiatric Association, 

2022). The redefinition no longer includes the need for the somatic symptoms to be 

unexplained medically, instead, the updated diagnostic classifications emphasised 

distress that these symptoms cause (or worry about what they might mean in the case 

of illness anxiety disorder) in a person’s life and the level of preoccupation they may 

have with their symptoms. Ultimately, somatic symptom disorders became rule in 

(due to distress and impairment) rather than a rule out (due to possible unexplained 

nature) diagnoses (American Psychiatric Association, 2022). This update allows for 

individuals to be able to have both a somatic symptom and related disorder, as well 

as a diagnosed condition that could explain their symptoms; one no longer excludes 

the other. By validating a client’s experience of their somatic symptoms, therapeutic 

alliance, the primary principle of treatment and management for people with 

somatic difficulties, may be achieved with less friction (Croicu et al., 2014). 

Sleep and Fatigue 

One of the main symptoms of CFS and its associated disorders is sleep 

disturbance, particularly nonrestorative sleep (Lim & Son, 2020). The relationships 

between sleep and fatigue, both physical and cognitive is vast. Fatigue is typically 

thought of as a complex physical and cognitive inability to carry out work due to the 

accrued effect of time-on-task (e.g., Balkin & Wesensten, 2011). People generally show 

increased vulnerability to this effect due to various biological and psychological 

factors, including circadian rhythm, sleep restriction and extended wakefulness 

(Balkin & Wesensten, 2011; Van Dongen et al., 2003). The biological underpinnings of 
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CFS are still unknown (Young, 2020), and despite sleep disturbance being prevalent 

in CFS, these disturbances have a heterogenous and complex presentation, so the role 

of sleep in the syndrome’s maintenance is yet unclear (Gotts et al., 2014). 

Nevertheless, the NICE guidelines emphasise rest and sleep strategies as helpful in 

symptom management for CFS (NICE, 2021).  

Sleep and Electronic Media Use 

Electronic media use may impact sleep through a variety of mechanisms 

including time displacement, psychological arousal and physiological stimulation 

(Cain & Gradisar, 2010; Exelmans & Van den Bulck, 2017; Hale & Guan, 2015). 

Although causal mechanisms are yet to be fully understood, many have been 

hypothesised. Recently, Liu et al (2020) investigated the opposing effects on sleep 

health of bedtime procrastination and psychological detachment attained through 

electronic media use. They found that trait mindfulness may buffer the negative 

effect of electronic media use on sleep quality and quantity through bedtime 

procrastination(Liu et al., 2020). Mindfulness may also exacerbate the positive effect 

of electronic media use on sleep quality and quantity through fostering psychological 

detachment from stresses (Liu et al., 2020). They defined mindfulness as “a tendency 

to be attentive to and aware of what is taking place in the present” (Liu et al., 2020, 

p.4). By increasing awareness and mindfulness towards electronic media use, 

negative effects on sleep health may be reduced, and positive effects may be 

nurtured. 

Fatigue and Electronic Media Use 

There is emerging evidence that some kinds of electronic media use may have 

a direct impact on fatigue. Fortes et al. (2019) conducted a study on male soccer 
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athletes and identified that performance is impaired after 30 minutes of active 

smartphone use when compared with passive watching of a documentary.  Gantois et 

al., (2021) tested a similar protocol and found that participants that were engaged in 

active social media use on their smartphones for 30 minutes reported higher levels of 

subjective mental fatigue, and reduced overall physical performance (volume-load) 

in a resistance-training exercise. These findings from sport science indicate that 

there is some direct effect of electronic media use on fatigue. However the research is 

still nascent (see also Wilmer et al., 2017) and yet to be translated into clinical 

practice. 

 

 

 

 

[CASE STUDY REMOVED TO PRESERVE CONFIDENTIALITY] 
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Reflection 

Given my research topic of electronic media use and sleep and fatigue, I 

welcomed the opportunity to work with someone who was experiencing symptoms 

consistent with CFS in my placement at the physical health service. The hypothesis 

that emerged from a previous scoping review (manuscript in progress), based on the 

finding that electronic media use, sleep, and fatigue difficulties is mostly 

correlational, is that there may be some bidirectional causal impact that fatigue has 

on electronic media. 

I found it difficult to figure out initially how to address a referral question 

pertaining to somatisation. In my reading, however, of the latest guidelines both by 

NICE and by the American Psychiatric Association, and literature surrounding 

engaging with clients with somatic difficulties, the importance of validating and 

expressing empathy for the client’s experience was paramount for me. There has 

been a strong theme in my work for advocacy for the client to receive appropriate 

medical treatment and recognising that sessions with professionals be contained to 

avoid post-exertional malaise. However, given the number of professionals that the 

client has appointments for, and the need to travel for them, this post-exertional 

malaise seems often inevitable. This has led to us not having met in person over the 

past month and a half. We have discussed possibly running future sessions through 

teletherapy, so that, at least for the client’s time with me, some fatigue of travel may 

be mitigated. 
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