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Abstract
Lack of sleep in adolescents is associated withmaber of negative consequences such as poor
school performance, negative mood, car accidentspaor health. Although there is ample
evidence that adolescents are not obtaining seffigleep, effective interventions to promote
longer sleep duration in this population are lagkihhe present research examines the role of
adolescent motivation in promoting longer sleepatian. | first conducted a theoretical review
of existing programs in order to determine theceifly of current initiatives to promote
adolescent sleep and offer ways in which to impiibeen. It was concluded that more emphasis
should be placed on enhancing the motivation ofesmgents to improve their sleep habits in lieu
of focusing on knowledge synthesis only. Basedhaerésults of the review, | conducted a
survey study with 167 sleep-restricted adolescStisdy 1) and modeled the awareness and
motivational predictors of the intention to advabegtime using structural equation modeling.
The results revealed the types of variables (avem®nf internal cues to go to bed earlier and
positive attitudes towards sleep) that should séefed in a motivational intervention. Further,
Study 1 revealed the potentially effective but n@apgproach of supporting adolescents’
autonomy in promoting earlier bedtimes rather timposing restrictions on them. Informed by
the findings of Study 1, | developed an intervemtilbat targets these awareness and motivational
variables, théVotivating Teens to Sleep More prograhfe intervention is a one-on-one,
tailored, and stage-based intervention based oprtheiples of motivational interviewing. In
Study 2, | evaluate the efficacy of thktivating Teens to Sleep Mgpeogramby comparing it
to a one-on-one sleep education program that ieslmgd motivational techniques. Following the
intervention, the experimental group demonstratedtgr improvements in self-reported

bedtime, sleep duration, and self-efficacy thancirrol group, which were not maintained at



the 6-months follow-up. Both groups improved indieass to change following the program but
more experimental participants reached the actagesindicating that they were actively trying
to go to bed earlier. Motivational programs thdepbooster sessions following program
completion are discussed as potentially effectiagsmo motivate sustained sleep behaviour

changes in adolescents.



Résumé

Plusieurs conséquences négatives découlent d'unqumamle sommeil chez les
adolescents dont de mauvais résultats scolaires,trdebles d’humeur et des troubles de
santé. Bien qu'il existe de nombreuses preuves lgae adolescents n'obtiennent pas
suffisamment de sommeil, nous observons une lagupertante au niveau des interventions
afin de promouvoir une plus longue durée de somrhaeiprojet de recherche suivant examine le
réle de la motivation des adolescents dans la ptioma’'une durée de sommeil allongée. Jai
d'abord débuté mon projet de recherche avec urlgsandes programmes existants afin d’en
déterminer l'efficacité pour favoriser le sommd@s adolescents et offrir des facons de
I'améliorer. Conséquemment, l'accent devrait étie sur I'accentuation de la motivation des
adolescents a améliorer leurs propres habitudesodeneil au lieu de se concentrer sur la
synthése des connaissances seulement. Les rési@taten étude démontrent que certains types
de variables, notamment la conscience, la recoseraie des signes internes indiquant a notre
corps le besoin de sommelil et les attitudes pesitenvers le sommeil, devraient étre promues
lors de l'utilisation de programmes de motivation.

La premiére étude démontre également l'importarcsupporter les adolescents dans
leur choix en valorisant de saines habitudes densmimau lieu de leur imposer certaines
restrictions. Suite aux résultats obtenus mentisneédessus, un plan d’intervention,
“Motivating Teens to Sleep More prograntjui vise a informer les adolescents sur les bienfa
du sommeil a été créé. L'intervention consiste & nemcontre en téte-a-téte sur mesure, fondée
sur les principes de I'entrevue motivationnelle deaixieme étude vise principalement a évaluer
I'efficacité du programme, Motivating Teens to Sleep Moregn le comparant & un autre

programme qui n’inclut aucune technique de motbratiSuite a l'intervention, le groupe
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expérimental démontre une nette amélioration coatp@ment au groupe de contrdle en
matiére d’'efficacité, de I'heure ou il se couchesaque la durée de leur sommeil. Par contre, les
résultats n'ont pas été maintenus au moment du deigix mois. L'analyse des études menées
indigue également que les adolescents sont prépparter des changements dans leurs
habitudes de sommeil suite a l'intervention. Finadat, le rapport confirme que les éleves dans
le groupe expérimental ont atteint le stade owelslent apporter des changements dans leur vie
notamment celui de se coucher plus tot. Les progra@snde motivation offerts dans le cadre de
cette étude peuvent donc étre considérés commeedbaiques efficaces pour motiver les

adolescents a faire le choix de modifier leurs tualeis de sommeil.



vii

Acknowledgments

| would like to extend my utmost appreciation to supervisors Barbel Knauper and
Reut Gruber who taught me more than | could haee ievagined in five years. | am sincerely
grateful that you supported me through the insumtetale adventure of discovering effective
ways to motivate adolescents to go to bed ealfien. both have been remarkable mentors for
me and | would like to thank you from the bottormwof heart for facilitating my growth as a
research scientist and teacher. | would like tokhdaria Pompeiano who gave me the privilege
of TAing her course for five semesters and inspirgdpassion for teaching through her
continued respect and mentorship.

| am also grateful for the research assistanthandurs students (Florida Rushani, lana
lanakieva, Jessica Wang, Amanda Giampersa, LargbKeaian, Kristina Valentine, Cristina
Banu, Alica Desa) who | feel fortunate to have aotirated with on my two studies. To my lab
mates past and present (Elena Ivanova, Julienlleaéhen Xu, Sabrina Wiebe, Lana
Bergmame, Laura Fontil, Souakaina Paquin, ArtunatiSeeban, Jessica Seferian) from McGill
and the Douglas — thank you for making me look fmdvto coming into work every day!
Without your expertise and continued friendships thssertation would have not been possible.
A special thanks to Marie-Michele Truchon for hatpwith the translation of the abstract.

| am also very thankful to Avi Satov and the studeand families at Bialik High School
for contributing to my data collection. Your coltzation allowed my ideas to be brought to life.

Words cannot express how appreciative | am toamnyilfy and friends for their unconditional

love throughout my doctoral degree. A special tisaiokmy parents for supporting my decisions
and teaching me to follow a career path that isardimg for me. Lastly, | would like to thank

my husband who, for the past six years, alway®damy spirits in the moments that | needed it



viii

most. Brandon, thank you for being my best friend blook forward to standing by your side in

all that life brings our way.



Contributions of Authors

This dissertation comprises four manuscripts otctvth am the first author. For the first
manuscript, | communicated with support from Drular and Dr. Knduper with the editor of
the journalSleep Medicine Revievasd was invited to submit the review paper. | wibeefirst
draft of the manuscript along with Sonia Michaelsed Dr. Gruber and Dr. Knéauper
significantly contributed to editing the manuscriall authors revised the manuscript according
to the editors’ comments.

For the second manuscript, | conceptualized, desigand implemented the study with
supervision from Dr. Gruber and Dr. Knéduper. Undaedgate student Florida Rushani assisted
in creating the survey and managing the databas&ddikaj and | ran all of the statistical
analyses. Florida Rushani and | wrote the firsttdrathe manuscript and Dr. Gruber and Dr.
Kn&uper significantly contributed to editing themacript. All authors revised the manuscript
according to the editors’ comments.

For the third manuscript, | led the design andettgyment of the protocol with the support
from Dr. Knduper, Dr. Gruber, and Florida Rushated the data collection with the support of
Florida Rushani. | conducted half of the interventand control sessions and another clinical
psychology graduate student, Dr. Ava-Ann Allmandwcted the other half. Florida Rushani
and | wrote the first draft of the manuscript and Gruber and Dr. Kn&uper significantly
contributed to editing the manuscript. All authoegsised the manuscript according to the
editors’ comments.

For the fourth manuscript (submitted), | led tlesign and development of the protocol with

the support from Dr. Knauper, Dr. Gruber and FlarfRushani. | led the data collection and data



analyses with the support of Florida Rushani. Itertbe first draft of the manuscript and Dr.

Gruber, Dr. Knauper, and Florida Rushani contridignificantly to editing.



Chapter 1

Introduction

Cassoff, J., Knduper, B., Michaelsen, S., Gruber, R. (2013ho8tbased sleep promotion
programs: Effectiveness, feasibility and insigluisftiture researciSleep Medicine Reviewks/,
207-214.
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Abstract

Adolescent sleep deprivation is prevalent in todagciety and is associated with major
negative consequences for adolescent developmdmeibeing. In the present review, we
examine efforts to prevent adolescent sleep dejivaia school-based sleep promotion
programs. Such programs effectively enhance slaep/ledge but do not succeed in
maintaining sleep behavioural changes. We hypatbdhbat this is because insufficient
consideration has been given to motivational factod to the integration of motivational
components into the programs. We suggest thatdumterventions should consider the use of
individually tailored approaches to sleep promotioat integrate motivational components.
Specifically, we recommend the use of motivatiantdrviewing, which can detect individual
differences in the degree of willingness to charigags allowing motivational barriers to be
adequately addressed on an individual basis. Funthre, we suggest that in the future
individually tailored sleep promotion strategiesilkcbpotentially be delivered a larger number of

participants via internet-based interventions.
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I ntroduction

A reduction in sleep duration has become a commfiestyle pattern in modern society.
Mounting evidence indicates that sleep deprivaisgmarticularly prevalent, and of greatest
concern, in adolescent populations. While expéeaie shat the optimal amount of sleep in
adolescence is approximately 9.2 hours per nigatgkadon et al., 1980; Iglowstein, Jenni,
Molinari, & Largo, 2003; Mercer, Merritt, & Cowell,998), a recent poll by the National Sleep
Foundation (2011fpund that a significant proportion of adolescebts%) are not getting this
recommended amount of sleep. The transition froidlohod to adolescence is accompanied by
several biological and psychosocial changes thgtimpede attainment of a good night’s sleep.
First, several studies have demonstrated thatriket@f puberty is associated with entry into a
delayed sleep phase, at which time adolescents ahamdogenous preference for much later
bedtimes than children and adults (Carskadon, &jé&rAcebo, 1993; Knutson, 2005; Laberge
et al., 2001). Advanced stages of pubertal devedmpiinave been correlated with later phase of
melatonin offset in the morning, suggesting thatdgical changes occurring during puberty are
associated with delayed circadian timing (Carskadaebo, Richardson, Tate, & Seifer, 1997).
In addition to a delay of circadian timing, adoksce is characterized by a slower accumulation
of the homeostatic drive with sleep pressure bogldip more slowly with increasing age
(Hagenauer, Perryman, Lee, & Carskadon, 2009)|tiregun teenagers feeling tired at later
hours and pushing bedtimes into a more delayedtdre

Second, several psychosocial factors unique tceadehce may exacerbate the
preference for a delay in sleep phasing. Adolessencharacterized by increased personal
autonomy and acceptance of responsibilities assatwaith a decline in parental influence, an
increase in peer influence, and first-time emploghapportunities (Krosnick & Judd, 1982;

Morisi, 2008). These factors may affect adolescexttsudes and priorities with regards to
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sleep. Given the wide array of extracurricular apyaties available to high school students,
sleep may easily descend to the bottom of theiprilist. Finally, environmental factors such as
consumption of stimulants (e.g., caffeine) andafsgechnology (e.qg., television, the internet,
and cell phones) also increase the likelihood Itledtime will be delayed (NSF, 2006, 2011).

The delayed sleep phase preference of adolesai@nsresults in lack of sleep due to societal
demands such as early school start times. A natsamaey conducted in the USA (NSF, 2006)
found that the average start time for high sch{mlades 9-12) was between 07:51 h and 07:56
h, forcing most adolescents to wake around 06:@0dtlow sufficient time to prepare for and
travel to school. The majority of high school sttdereported feeling fatigued between 08:00 h
and 10:00 h during the week (Gibson et al., 200@)cating that adolescents may not be
obtaining a sufficient sleep on school nights. &any, Canadian high school students wake up
for school each morning at an hour (on averag€/AVB Boergers, 2015) that terminates their
sleep prematurely (Carskadon, 2011; Olds, MahemdBn, & Matricciani, 2010) in order to
arrive at school on time (on average, earlier BI@AM; Boergers, 2015). Early start times are
in direct conflict with the delayed sleep phasdgnence of adolescence and impose a need to be
wakeful during a period when adolescents are niégurnelined to sleep. Adolescents tend to
sleep in on the weekend, when wake-up restric@oadifted. The delayed sleep schedules of
weekends are commonly interpreted as a manifestafitatigue associated with sleep
restriction accumulated throughout the week (Gidétmnoortesi, Sebastiani, & Ottaviano, 2002).
Sleeping in on weekends drives the already inhireetayed circadian phase of adolescence in
a direction creating even more delay. This resnltate bedtimes and wake-up times on

weekends. The problem arises when the weekencersamdl school begins once more. It is
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impossible to maintain the delayed wake-up schealdeaccumulation of sleep debt is again
initiated (Carskadon, 2011).

The persistent lack of sleep in adolescence islgnaatic given the substantial body of
evidence showing that such shortened sleep isiassoavith a myriad of negative
consequences (Dahl & Lewin, 2002). Poor sleep kas Bhown to impair cognitive and
behavioural processes relevant to academic sudoekg]ing learning, memory, attention,
executive functioning, and emotional regulationh@lb & Polo-Kantola, 2007; Durmer &
Dinges, 2005; Horne, 1988; Nilsson et al., 200kH&r & Huffcutt, 1996). The cognitive and
behavioural impairments resulting from sleep restn impact not only the academic lives of
adolescents but also increase the risk of unirdeatiinjury and accident (Groeger, 2006; Lam
& Yang, 2007; Pizza et al., 2010; Stallones, Basé&leChen, 2006). Examination of
epidemiological data on road traffic crashes, $iedtby driver age and time of day, has
revealed that sleepiness of young drivers is diqdar concern. In the USA, for example, 55%
of drivers involved in crashes attributable to plaess were 25 years of age or younger and most
single-vehicle crashes occurred between midnigtitC&n00 h The negative impact of sleep
restriction on driving ability and crash risk haween demonstrated in several studies, (Philip et
al., 1996; Philip et al., 1999) and an increasetlence of sleep-related crashes has been
documented in drivers reporting less than 7 hedlper night (Stutts, Wilkins, Osberg &
Vaughn, 2003). Further, chronic sleep restrict®also associated with potential long-term
negative health consequences, including increasksl of development of cardiovascular
disease, hypertension, diabetes, and obesity (2abal & BaHammam, 2011 for a review).
Given the high prevalence of sleep restrictiondolascence, the negative impact of such

restriction on mental and physical health and atacleuccess, and the multiple barriers that
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impede implementation of healthy sleep practicdbimage group, school-based programs
targeting such issues of adolescence are cleayiyresl.

Several school-based sleep interventions have soaigidvance bedtime in adolescents
by delivering education on the importance of sl@dpe goals of the present article are, therefore,
threefold: 1) to review school-based sleep prommatio(SBSP) programs aimed at ameliorating
adolescent sleep habits; 2) to evaluate the effsotiss of these programs in changing adolescent
sleep behaviour and feasibility of implementingséa@rograms in a school setting; and 3) to
propose new directions for individualized schootdxhadolescent sleep promotion programs
including the use of motivational interviewing (Mind internet-based dissemination methods.

School-Based Sleep Promotion Programs
SBSP programs usually take one of two paths. Semlet® synthesize sleep knowledge

whereas others employ cognitive and behaviourapstelated strategies in addition to
knowledge synthesis. The former may be termed ‘Slebased sleep education programs” and
aim to enhance adolescent sleep knowledge witaghemption that this will create positive
attitudes toward sleep and, ultimately, improvegleabits. Most sleep education programs
successfully enhance adolescent sleep knowledd®(BaRadoSei-Vidacek, & KoZec,
2009; Cortesi, Giannotti, Sebastiani, Bruni, & @i#&o, 2004; De Sousa, Araujo, & De
Azevedo, 2007) but it is usually not determined tukethis actually translates into changes in
sleep behaviour. This lack of evidence indicatmgrovements in sleep, and the fact that
knowledge acquisition per se does not necessaelyigt behavioural changes in other areas of
health (Tobler, 2000), suggest that knowledge ®gishalone is not effective in prevention of
adolescent sleep restriction.

A few school-based sleep education programs healeaed improvements in adolescent

sleep behaviour in addition to acquisition of slkapwledge. For example, ti&eep-Smart
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Program(Rossi, Campbell, Vo, Marco, & Wolfson, 2002), animat preventing poor sleep habits
in adolescents, was led by a clinical psychologgt two assistants who taught healthy sleep
habits. The comparison group was a health clasgp#rtcipated in another study on adolescent
sleep habits. Two pilot experiments were perforaed one included objective assessment
employing actigraphy. Outcome measures includetirbedrise time, total sleep time, bedtime
delay, and oversleep time on the weekend (comparddring the week); all variables were
measured before and after the intervention inatligpants. Following the program, a trend
was demonstrated such that the intervention groep those who had received sleep education)
reported earlier bed and wake times on both sclwodweekend nights. (Vo, LeChasseur,
Wolfson, & Marco, 2003) Furthermore, actigraphydfimgs revealed that the intervention
participants displayed more consistent sleep patten both weekend and weekday nights.
Although initial trends toward improved sleep beabav were observed, the pilot programs had
small sample sizes, did not report follow-up datad employed inadequate control groups.
Thus, the evidence for efficacy of school-basedskducation programs must be considered as
preliminary in nature.

Sleep promotion programs that incorporate cogmigimd behavioural strategies, in addition to
sleep education, have also been less than fullsesséul in improving adolescent sleep. For
example, Moseley and Gradisar (Moseley & Gradi2d®9) created thienproving Adolescent
Well-Being: Day and Nightrogram with the goal of improving adolescent glpeactices. High-
school students whose current bedtimes were dodech@rere randomly assigned to receive the
program or not. The program targeted health-rela&ddhviours including eating habits, exercise,
and sleep, and offered health education, goalrgettkercises, and behavioural and cognitive

strategies to improve well-being and maintain dthgdifestyle. Sleep behaviour (i.e., total
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sleep time, sleep onset latency, and the discrgdagteveen school and weekend out-of-bed
time), daytime sleepiness, and the presence opeesised mood were assessed via online
guestionnaires prior to program commencement, wiheprogram concluded, and 6 weeks
later. A sleep knowledge quiz was given before atel intervention, and a behaviour intention
guestionnaire addressing several healthy habitsadamsnistered. A significant increase in sleep
knowledge post-program was evident in studenti@fritervention group. When data on all
participants were analyzed, the program did n@&cafany sleep behaviour or the proportion of
those experiencing a depressed mood. However, aigradolescents with delayed bedtimes
prior to the program were considered, the discrepaetween school and weekend out-of-bed
times post-intervention initially decreased in thiervention group compared to controls. This
improvement was no longer apparent at the 6-weldwfaip. The behaviour intention
guestionnaire revealed that adolescents showeeladegrintention to improve other habits (i.e.,
to exercise more and to eat healthy) than sleeplif@tive feedback suggested that adolescents
were not motivated to apply what they had leareidhprove their sleep. The authors propose
that this was because the students were not catithat the strategies taught (e.g., exposure to
sunlight in the morning) would actually improveegpehabits. This SBSP study was the first to
identify the potential importance of including atimational element in such programs.

A recent study by Cain et al. (2011) addressedlmitation by applying the principles of
motivational interviewing (MI) within a SBSP prognaMotivational interviewing has been
recently defined by its founders, Miller and Ratki (2009) as “...a collaborative, person-
centered form of guiding to elicit and strengthestiwation for change.” This counseling
approach is grounded on four unigue principles l@vli& Rollnick, 2002), namely: 1) expressing

empathy toward the client, 2) encouraging the tlierbe autonomous rather than assuming an
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authoritarian position that imposes ideas on ti&molling with resistance (i.e. not confronting
and challenging the client when they make resigtatements), and 4) helping the client realize
that there is a discrepancy between their currathdaptive behaviour and their life goals and
values. Motivational interviewing is not just a séstrategies (Rollnick & Miller, 1995) but is
also a style of interacting with the client, whislcommonly referred to as the “spirit” of M.

The Ml spirit (Miller & Rollnick, 2002) consists afollaboration between the client and the
therapist, evocation of the client's own motivasand reasons for change, and emphasizing the
client’s autonomy in a way that acknowledges thertha expert in the relationship. A skilled

Ml interventionist will be attuned to the readine$sheir client to change and then utilize the
appropriate skills and strategies. Apodaca and &baggh (2009) reviewed Ml interventions
aimed at driving behaviour change in individual§hwgubstance use disorders. They found that
significant mediators of behaviour change werectient’s ability to verbalize change (i.e.
change talk), the client’s experience of discregdyetween current behaviour and personal
values, (Apodaca & Longabaugh, 2009) and the th&itapendency to engage in Ml-
inconsistent behaviour (associated with worse onex). Adolescents in the experimental group
received group-based MI; four lessons were givahgbught to alter attitudes to sleep. The
intention was to enhance motivation toward adoptibbetter sleep habits. Online measures
evaluated sleep patterns, the extent of daytimepsiess, the presence of depression, and the
level of motivation toward improvement of sleep isParticipants were assessed before and
after intervention, and 6 weeks later. A sleep kieolge quiz was given in class before and after
intervention, and a questionnaire exploring theebf motivation toward improvement of
sleep habits was completed during the program.r Asttegram completion, sleep knowledge was

enhanced in the intervention compared with thercbgtoup. Further, the declared motivation



18

toward sleeping more and the development of a rmamsistent sleep/wake pattern was
significantly higher in adolescents in the interiem group, who thought it important to get up
at the same time every day. However, again, norpmgffects on sleep behaviour or mood
were evident. The incorporation of a motivationaponent into the sleep promotion program
did not result in sleep-related behavioural chanljes therefore very important to discover
effective interventions improving adolescent slbepaviour.
Effectiveness of school-based sleep promotion programs

Efforts to reduce adolescent sleep restrictiorSB&P programs improve sleep
knowledge and create short-term (but not sustaimepilovements in adolescent sleep practices.
This can be attributed to the theoretical and nahagical shortcomings of existing SBSP
programs.

A potential theoretical limitation of existing g@ams is the lack of an adequate consideration
for motivation. If all components of motivation weidentified and harnessed, such programs
would potentially be more effective. A potentiallgeful conceptual framework for motivating
health behavioural change is the attitude-socfalemce-self-efficacy (ASE) model constructed
by De Vries and Mudde (1988; 1998). The model epsed on the theory of planned
behaviour, (Ajzen & Madden, 1986; (Fishbein & Ajzd875) social learning theory, (Bandura,
1986) and the transtheoretical model. (DiClementer8chaska, 1985) The ASE model asserts
that health behaviour is predicted by developméanantention to change, in turn determined
by motivational elements including attitudes (iadfective responses to a particular health
behaviour; De Vries, Dijkstra, & Kuhlman, 1988)csd influences (i.e., social norms, pressure,
and modeling; De Vries, Backbier, Kok, & DijkstrE995), and self-efficacy (i.e., belief in one’s

capability to perform a task; Bandura, 2006; Dee¥ret al., 1988). In the context of sleep,



19

attitude is the positive and negative responsebtaining adequate sleep and sleep restriction,
self-efficacy is the perceived ability to get tadke a suitable hour, and the relevant social
influences are the sleep norms, pressure, and mgdght exist in an individual's social circle.

Motivation is particularly important in promotiori bealthy sleep in adolescents because
of the motivational barriers precluding developmeiguch behaviour. Specifically, the
secondary gains associated with delayed bedtimpaatieipation in enjoyable activities
including watching television, engaging in sociadra, and playing computer games. These are
more immediately rewarding than sleep, renderinggyto bed unattractive from the adolescent
viewpoint. This fact, together with the developnacharacteristics associated with adolescence
(e.q., increased seeking of autonomy; Krosnick &d)Jui.982), the biological propensity for
delayed bedtime (e.g., the delay in circadian nmyt@arskadon et al., 1993), and the
environmental variables that promote sleep redndeag., early school start times; NSF 2006)
mean that any motivational component of intervargitargeting advancement of bedtime must
be strong. It is important to identify effective ams of enhancing adolescent motivation toward
this end.

The use of the ASE model as a theoretical framewotke context of adolescent sleep
suggests the need for integration of each motimatielement mentioned above into existing
SBSP programs aimed at promoting healthy sleepo@ljh many sleep studies employ a
measure of sleep knowledge (“What do adolesceraw labout sleep?”), few utilize a measure
of sleep attitude (“How do adolescents feel abteés?”). However, two studies have used
instruments assessing adolescent sleep attituéésfBabout sleep were recorded (Owens,
Stahl, Patton, Reddy, & Crouch, 2006) and percebaders to going to bed at an appropriate

hour were noted (Noland, Price, Dake, & Telljoha2®09). It was concluded that, often,
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adolescents knew of the need for adequate sleefharimenefits thereof, but that this did not
necessarily translate into development of pos#itteudes toward sleep or improved sleep
behaviour. Thus, sleep attitude is distinct froeepl knowledge and must be separately
addressed in SBSP programs. This is consistentragnt evidence suggesting that it may be
important to include all relevant motivational ekemts in SBSP programs (Cain et al., 2011).
In addition to improvements in attitude, socialueince is another important
motivational element of the ASE (De Vries et a@9%) model, and may facilitate sustained
sleep behavioural changes. Peer engagement inlr&igviour (peer modeling) and/or pressure
from peers to engage in such behaviour (peer p@skave been shown to significantly
contribute to the development of risky behavioaradolescents (Lewis & Lewis, 1984). In the
context of adolescent sleep, it may be presumedstith social influences affect sleep habits.
As adolescents become autonomous peer groups becoreanfluential (Gifford-Smith,
Dodge, Dishion, & McCord, 2005), and such groupy tharefore play significant roles in
determining sleep behaviour. Although researchherrole of peers in determining adolescent
sleep timing is limited, recent work (Mednick, Glakis, & Fowler, 2010) has shown that poor
sleep behaviour can extend to four degrees of agpari.e., to the friends of friends of friends
of friends) within a social network. Furthermorieaifriend slept for less than 7 hours per night,
this increased by 11% the likelihood that the asimdat also slept for less than 7 hours per night.
On the other hand, friends also seem to be alpeotect adolescents from risky health
behaviours (Maxwell, 2002). For example, positieempinfluence, such as having friends that
model healthy sleep by going to bed at an apprteptiame, decreases adolescent violence and
substance abuse (Prinstein, Boergers, & Spiritd120Nhen promoting earlier bedtime in

adolescents, peer influence may be a motivatidmalenge (or benefit) and, in addition to
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attitude and a sense of self-efficacy, is anotloéemtially valuable component to be addressed in
SBSP programs.

It has been shown that parents can directly (etging bedtimes) and indirectly (e.g.
creating the physical sleep environments availabtaeir children) influence children’s sleep
habits (Brand, Gerber, Hatzinger, Beck, & Holsbdrmehsler, 2009). In fact, recent research
has demonstrated an association between pareinédtines and the tendency for adolescents to
report earlier bedtimes, longer sleep duratiors fasgue and longer daytime wakefulness (Short
et al., 2011). It can potentially be beneficial 8BSP programs to incorporate parents in the
process of behaviour change by advocating theoli@ment in establishing sleep schedules and
healthy sleep environments with their children.tker, it is necessary to assess and modulate the
norms, behaviours, and social support systemsibatitrg to the determination of adolescent
sleep behaviour. Such work would allow the fostgih positive social influences on good
adolescent sleep.

Self-efficacy (an element of the ASE model) istetl to behavioural outcomes.
Individuals who believe they can perform well otagk (demonstrating high levels of self-
efficacy) perform better than their less confidemiinterparts (Motl et al., 2002). Individuals
who believe they can competently make a behavialvahge are more likely to form
behavioural intentions, develop action plans, antbtivated to reach the set goals and
maintain the desired outcome. Self-efficacy israpartant bridge toward sustained behaviour
change (De Vries & Mudde, 1998). A sense of sdltatfy is needed to motivate adolescents to
obtain sufficient sleep. Even when adolescentsrbiegappreciate the importance of getting
enough sleep, they may not feel confident that ta@ysuccessfully make the necessary

behavioural change given the massive shift inddieedules and priorities that such change
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entails. For this reason, a proposed method byhwdilolescents may be motivated to embrace
positive sleep behaviour, such as advancementdiinbe, (Cain et al., 2011) is via promotion of
bedtime self-efficacy (Motl et al., 2002). Adolestemust develop the confidence necessary to
go to bed earlier. It, therefore, may be usefudremte SBSP programs that ensure adequate
development of self-efficacy in terms of healthgeg practices. Adolescent belief in personal
efficacy in terms of going to bed earlier can betéoed via SBSP programs that promote
(Bandura, 1977) 1) positive personal experiences aficcessful accomplishment of the
behaviour; 2) vicarious experiences involving olsagon of behavioural accomplishment of
parents and/or other positive role mode3$ social persuasion including encouragement of
individual abilities and dissemination of toolsiaiag accomplishment of behavioural change;
and 4) development of an emotional state in whasitiye mood is enhanced and negative
feelings toward the necessary behaviour are redulcgegration of these features into an SBSP
program would require consideration and modulatibtine behaviour of individuals who an
adolescent finds to be influential, including fayréind friends. It is not enough to address
adolescent sleep behaviour in the absence of cenasion of social influences. In sum,
motivations developed upon application of an ASHEletl@ould potentially translate into earlier
adolescent bedtimes; such motivations should tbexdfe developed in the context of SBSP
programs.

The major methodological limitations of SBSP pags include the lack of follow-up data to
allow evaluating the sustainability of behaviouaobe and the failure to deliver the motivational
interventions according to evidence-based protoéaHBow-ups in many studies (Cain et al.,
2011; (De Sousa et al., 2007; Moseley & Gradisad92 are only until 6 weeks post

intervention. This does not allow evaluating thegaerm success of the intervention effects.
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The other limitation is apparent in programs thaily tailored motivational strategies, such as
Ml on a group (i.e., a classroom of students) ratih@n one-on-one, which is not the standard
protocol for such motivational approach (Britt, Hod, & Blampied, 2004; Rollnick & Miller,
1995). Although recent efforts have attempted f@yaMI at the group level, evidence for the
empirical efficacy of this approach is limited. Tereators of MI, Miller and Rollnick, suggest
some ways by which to optimize group-based MI,dmutsider it inappropriate to address a
group containing over 10 individuals who demonstrary low levels of initial motivation; this
may be the case for adolescent sleep. One-on-agegons may be more effective because the
aim of MI, in the context of sleep, is for adolastseto acknowledge the discrepancy between
their current sleep behaviour and their life g@add personal values, deciding autonomously to
modify their sleep behaviour. Thus, an importaatdee of Ml is that it is tailored to clients
(Emmons & Rollnick, 2001) and, hence, conductedmimdividual level. In this way, there are
potential methodological inconsistencies in cur®B6P motivational programs.

In addition to programs targeting adolescentgstestriction in the school setting, there are
other interventions designed specifically for adobnts with clinical sleep disturbances (i.e.
delayed phase sleep syndrome; Gradisar et al.,) 20itllsleep problems due to substance abuse
(Bootzin & Stevens, 2005). They have been admirgdten group (Bootzin & Stevens, 2005)
and individual (Gradisar et al., 2011) formats. §dhprograms have shown success over the long
term but because some of the content of the intéiwe targets the specific clinical problem, it
is not known whether these programs are complgeheralizable to normally developing
adolescents. Nevertheless, these clinical studiasin relevant because they inform effective
sleep promotion strategies and simultaneously tesiedlar motivational barriers as SBSP

programs as evidenced by low treatment adhereaitere to attend sessions, and treatment
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drop-out. Thereforadentifying effective ways to motivate adolescewotsnodify their sleep
behaviour may also be helpful in the design oficihprograms in order to decrease dropout
rates and sustain benefits. In turn, effective wadional interventions can potentially benefit
both interventions designed for normally developang clinical populations.

Feasibility of School-Based Sleep Promotion Programs
The integration of school-based sleep promotiog@nms into existing school curricula

should be considered from a feasibility standpdadies in other areas such as obesity
prevention and healthy eating have shown thatibstadministrators and teachers are open to
the integration of school-based health promoti@gpmms into existing school curricula, then it
has the potential to become an acceptable andfeasethod to reach adolescents (Story, 1999;
Wiecha et al., 2004). The advantage of integraglegp promotion programs into existing school
curricula (e.g. the National Heart, Lung, and Bldostitute circadian biology curricula program
(Boergers, 2015) is that it does not burden theaickystem in terms of logistical changes such
as delaying school start times. If the importanickeealthy sleep can be internalized by
adolescents during high school, then it may haysomant implications for subsequent years
where sleep patterns tend to become less consastdrgtudents become more sleep deprived. It
must be acknowledged, however, that integrating sucricula within existing school curricula
would not be without challenges. First, areas aithéncluding eating and exercise are
considered a priority in school systems and thiegpsrestriction as a health topic to be
addressed in the school setting is not at a stégeenit is widely accepted as an important
preventative initiative. Second, some high schawy not be receptive to the idea of adding the
content into their current lesson plans given taggady busy schedules (Kwan, Petersen, Pine,
& Borutta, 2005). Third, there are challenges esded with constructing sleep programs that

complement existing school curricula, includingatieg the curriculum, rendering it age-
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specific, and incorporating the new material irgssion plans according to school-system,
country, or state-wide requirements. Fourth, agytred of motivating adolescents is to advance
their bedtime, it will also be a challenge to eestimat such programs are effective in addressing
motivational barriers to improving sleep habitssé&sially, in addition to the school being
receptive toward the program, it is a unique cingjéefor researchers to develop a school-based
protocol that is effective in promoting behaviotaoge particularly for adolescents.

Insightsfor Future Research

The work reviewed above supports the notion ti&8FS programs effectively increase sleep
knowledge. However, some limitations of such praggare evident, and long-lasting
prevention of adolescent sleep restriction maybeoguaranteed. Specifically, the lack of
sustained behavioural changes after completiorB&FSprograms suggests that the field would
benefit from the use of additional approaches tavmomotion of healthy sleep in adolescents.
Therefore, to complement the present techniquesuggest that a third, individually tailored,
approach to adolescent sleep promotion be considére further suggest that this can be
rendered feasible by employing computerized mediasussed further below, that allow
personalized health programs to be delivered ataunbally less cost than that involved when
face-to-face meetings are conducted. To the bestirdtnowledge, individualized health
promotion has yet to be evaluated in the contexidolescent sleep.

Individualizing Healthy Sleep Promotion Programs

Tailored health promotion programs target individuand the design thereof is based on
characteristics specific to that person that c8nence the behaviour of interest (Kreuter, Lezin,
Kreuter, & Green, 2003). Individual differences egspected. This is of course not true of “one
size fits all” programs such as the SBSP prograis®idsed above. Individualized programs are

effective in situations where many factors canuefice outcome variables, and where desired
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outcomes are complex (Kreuter, Strecher, & Glassih@99). This is indeed true of sleep
promotion programs; the desired complex outconagli@ncement of the sleep schedule. The
complexity is attributable to the fact that theenmtiay of factors that determine sleep practices is
unique to each individual; and therefore, potelyti@rge individual differences in beliefs
regarding sleep and motivation to change curregshabits exist. For example, it is possible
that, for some adolescents, the promise of geheath improvement would be an effective
incentive to advance bedtime, whereas, for othkesbenefits afforded by healthy sleep in terms
of school performance would be more effective gating an intention to change the sleep
pattern. The realization or acknowledgment of eabedtimes chosen by some of their peers
may be enough for certain adolescents to makefart & modify their own sleep behaviour. It
is important to consider individual differences datbr intervention accordingly to deliver a
successful health promotion program (Becker etlll7,7). A potential option is to offer
individualized sleep promotion programs that optiynaddress the interplay of sleep
determinants and other personal characteristieseltly increasing sustained motivation.
Using Motivational Interviewing in Adolescent Sleep Promation Programs

Evidence from studies seeking to influence otlideiescent health behaviours (Suarez &
Mullins, 2008), and in agreement with the tenetthefmotivation-focused sleep promotion
program developed by Cain et al., (2011) showsNtas a promising technique when used to
prevent adolescent sleep restriction. As descraeye, Ml has been shown to be particularly
successful when employed as a component of inteorenfor adolescents (Baer & Petersen,
2002). A review found that such tailored interventin adolescence successfully improved
behaviours relevant to dealing with diabetes, cdmbabesity by alteration of diet, ensuring
dental hygiene, establishing reproductive healtl, gtopping smoking (Suarez & Mullins,

2008). The Ml approach can potentially be appledranging sleep behaviour.
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The health behaviours that improved upon use oamdIsimilar to sleep restriction in
that they adversely affect adolescent health baihgh is not immediately rewarding; the
temptation to change is thus not high. For exanguaelescents with diabetes must be highly
motivated if they are to engage in appropriate @serregimens; these can be easily ignored and
the time “saved” can be spent on more immediatilgqurable activities. Channon and
colleagues (Channon et al., 2007) conducted a mazeéad controlled trial in which 38
adolescents aged 14-17 years, diagnosed with tgmbites, took part in M| sessions over a
period of 6 months. A control group of 28 adolesseaceived standard support visits. At the
end of the intervention, the experimental group bewlefited from MI therapy as demonstrated
by a higher level of glycemic control, improved plsglogical well-being and quality of life, and
a more positive attitude to diabetes, compareatdrols. All benefits were still evident 24
months later. Ml had successfully improved healiblgaviour in adolescents; this required a
shift in mentality from short-term focus on immeeigains to recognition of the long-term
consequences of actions. Similarly, Ml may be @i@darly suitable interventional framework if
problems with adolescent sleep are to be targetealjocation of adolescent priorities is
required.

Motivational interviewing may be especially effetiif used in conjunction with the
motivational factors identified in the ASE modelkay goal of Ml is to enhance self-efficacy
(Erickson, Gerstle, & Feldstein, 2005). The goaWidfis to enhance individual confidence in the
ability to overcome personal challenges and toease personally perceived competence. The
individual must feel that he or she can successtilhnge the unhealthy behaviour. If
adolescents develop confidence in their own altititgo to bed earlier, healthy change may

result. It is possible that Ml would help adoledsancrease their motivation toward
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improvement of sleep habits. Motivational interviegvpromotes creation of positive attitudes
toward healthy behaviour (i.e., sleep) by encounggiarticipants to recognize the pros and cons
of creating change in their own lives (Baer & Ps¢er, 2002). Finally, M1 programs often
acknowledge the role played by societal influersteh programs incorporate a normative
influence component whereby participants are peidith information on their own behaviour
(i.e., sleep pattern) compared to that of a relegesup, such as same-sex peers (Walters &
Neighbors, 2005). Social influence can also bgeted within individualized interventions such
as Ml by identifying social influences and dealimgh such factors in a manner that enhances
the readiness to improve behaviour. For exampla@eadents reporting negative social pressure,
such as being verbally persuaded by peers to sidpte, can be offered strategies minimizing
such pressure. Conversely, adolescents reportisigymopeer influence are provided with
strategies allowing such influence (and behavitube internalized. In summary, the goal is to
target social influence in a manner that highligiritd promotes the positive effects and
minimizes the negative.

Motivational interviewing may be particularly safile for use with adolescents for several
reasons related to characteristics inherent teeadeht development. First, Ml is a respectful and
non-confrontational approach that acknowledgesviddal points of view and minimizes
tensions (Baer & Petersen, 2002). This may bequdatily valuable if adolescents are to be
assisted, as they tend to challenge authority dig/(Erickson et al., 2005). Second, MI supports
individual personal ambitions rather than imposarggt of pre-arranged goals or demanding
ideal behaviour (Miller & Rollnick, 2002). Use ofIM/ould allow adolescents to personally
decide to change sleep habits, thereby suppotimgiowth of personal identity and role that

tends to occur during adolescence (Berg-Smith.e1899). Specifically, if adolescents become
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autonomously driven to improve sleep habits, theypsovided with an opportunity to develop
personal identities and increase control over thein lives.

Motivational interviewing is a specifically suitabframework to address certain
biological and environmental influences that affibet timing of adolescent sleep. These issues
include a biological disposition to fall asleegdatt hours, a low value placed on sleep in western
cultures, extracurricular activities that may ocatinight time, heavy homework loads, and
social pressures to stay up late (Dahl & Lewin,20Conversely, there is much pressure for
adolescents to succeed academically, perform welhg their extracurricular activities, and
function appropriately in social settings. This \Wwbsuggest that obtaining adequate sleep is also
a priority. These conflicting issues can resulhdolescents feeling highly ambivalent, that is,
experiencing both positive and negative feelingmrding changing their sleep habits (Miller &
Rollnick, 2002). A primary goal of Ml is to resolvileis ambivalence in order to foster a positive
attitude toward behaviour change. In fact, Ml hesidnstrated to be especially effective with
individuals who initially show high levels of amlailence and low levels of motivation
(Resnicow et al., 2001). The concept of addrestiagros and cons of behaviour change is
known as a decisional balance (DiClemente & Velagg@002), and plays a key role in Ml.
Decisional balance exercises within Ml take intocamt social and cultural factors influencing
an individual's perception of the behaviour andrtkegaluation of the pros and cons associated
with behaviour change. It is recognized that aimviddal’s motivational balance and
ambivalence cannot be understood outside the saiatultural contexts of family, friends, and
community (Miller & Rollnick, 2002). Given the abeyMI may be a potentially promising
intervention for improving adolescents’ attitudeward sleep, a complex health behaviour

influenced by several cultural, societal and peaséactors.
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Delivering Programs Over the I nternet

The existing feasibility challenge is to generdtargyes in sleep schedules on a large scale,
that is, in a large proportion of the normally deyeng adolescent population. However, as
reviewed above, it is necessary to work with eaatig@pant individually to address personal
needs and characteristics. A suggested methodete@we this feasibility issue is via the
implementation of tailored computerized sleep probomoprograms that are typically internet-
based. Such programs can adapt the content ohlgralinotion materials to the specific
characteristics of each participant (Rimer & Kreug906) Sleep-related motivational factors,
including bedtime self-efficacy, sleep attitudesd @ocial influences on sleep, are ultimately
relevant to individual readiness to change sled¢maeur. In other words, such considerations
dictate the stage of change. Depending on suchichdil characteristics, and growth of the
intention to change behaviour, individuals are pted with resources and tools that suit

personal needs.

Such tailoring is accomplished via the use obatgms or decision rules programmed to
match a specific message with characteristics @nigqueach participant; these are assessed prior
to commencement of the program (Ryan & Lauver, 2082eview has shown that such
internet-based programs exhibit promise when usedlativate behavioural changes in terms of
quitting smoking, enhancing fruit and vegetablaket and increasing physical activity (De
Vries & Brug, 1999). The distinct feature of thiede of delivery is that it many individuals can
be motivated via interactive tailored programmingicost-effective manner (Kreuter et al.,
1999). Such delivery overcomes the problems wittetand cost that are associated with in-

person meetings (Lustria, Cortese, Noar, & Gluetkz09). The feasibility challenge
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associated with targeting most of the adolesceptifadion on an individual basis is removed. In
this manner, tailored approaches to sleep promatorbe implemented on a broad scale.

In addition to the feasibility of such a deliveryde, this is a particularly appropriate
manner by which to communicate with adolescentsr@do, Ralston, & Grossman, 2009) due to
its widespread accessibility (Sun et al., 200®)qfrency of use on a regular basis (Lenhart,
Purcell, Smith, & Zickuhr, 2011), and adolesceptrception of the Internet as a credible source
for health information (Borzekowski & Rickert, 200For example, in an ethnically diverse
sample of 2373 American high school students, rttae 99% reported that they had access to
the internet either at home or in school (Sun .e28I05). Furthermore, the majority of
adolescents report going on the internet on a daisys and viewing the internet as a source of
reliable information on health behaviour such asttazeption use, nutrition, smoking, dieting,
and exercising (Borzekowski & Rickert, 2001; Lerthed al., 2011). Given that adolescents
seek out information on the internet and that webstan be designed in such a way that they
provide health information in an engaging and extéwe manner, it may be particularly
effective to deliver sleep promotion programs tolasgicents via the internet. In addition, online
sleep promotion initiatives would allow teenagersural and remote locations to have access to
a service that would otherwise be difficult to e&ax@_enhart et al., 2011; Woodruff, Edwards,
Conway, & Elliott, 2001). In fact, research has destrated the acceptability and positive
impact of internet health initiatives (e.g. virtwddat rooms) for adolescents in rural communities
(Woodruff et al., 2001). The internet, being acd#esfamiliar, reliable, and interactive is
potentially an invaluable resource for adolesceaurtite at the same time would add to the

feasibility of the approach as it allows to targetny adolescents simultaneously.
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Recently, computer-tailored interventions impravadolescent health behaviour have
incorporated Ml principles. Buller and colleaguBsil{er et al., 2008) developed an internet-
based program aimed at preventing and discontirenmgking in 10- to 16-year-old adolescent
students enrolled in Australian and American highosls. The online content embraced Ml
principles. The language was non-judgmental, bugbkbto highlight the inconsistencies evident
when smoking was compared with an adolescent’patvalues. The program was tailored to
the smoking history of each adolescent. In compansith students in control schools that
received standard health education, those in sshalhich the intervention was deployed
reported lower levels of smoking in the past mant a higher level of intention to not smoke
in future. Thus, initial efforts to integrate Mlipciples into computer-tailored programs have
been promising. Although internet based interverstitor adolescent insomnia are already
underway (De Bruin, Meijer, Oort, & Bgels, 20119,dur knowledge, they have not yet been
implemented according to a MI framework and withmally developing adolescents.

An important issue when addressing Ml in the eghof adolescent sleep is that it is likely
that an adolescent may not recognize the negdfteet® of sleep restriction. This can be
compounded by the possibility that poor sleep behavs actually consistent with an
adolescent’s personal values. The key to applyihgiNhis case is to explore how another life
domain that is valued by the adolescent, includingnot limited to, academics, personality,
athletic performance, or physical appearance, eamproved by obtaining more sleep.
Essentially, going to bed earlier does not havefoecing value but the positive consequences of
more sleep will. Every adolescent will have a defg motivation for improving their sleep
habits, and the potential advantage of individealiprograms like internet-based Ml is that they

can cater to the different values and goals of ealdhescent while accessing a substantial
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portion of the adolescent population. This tailoaggroach is expected to decrease ambivalence,
increase motivation and develop subsequent adhetertbe intervention. Furthermore, the
resources required to conduct such a sleep promptmgram would be minimized if such
programs can be disseminated through Internet-bas¢uods.

Summary

The goal of the present review was to investigageetffectiveness and feasibility of
efforts to reduce adolescent sleep restriction. &shéence shows that SBSP programs
effectively increase sleep knowledge but do natltes sustained sleep behavioural change.
This is potentially attributable to the absenceaisideration of motivational elements including
a sense of self-efficacy, a positive attitude, redinfluence of society. We suggest that
individually tailored sleep promotion programs itkwing MI may be more effective. Such
programs acknowledge that individual levels of wation vary, and are tailored accordingly.
Finally, it is suggested that internet-based dissation of program information may be
particularly valuable. Many adolescents could Ipeutianeously assisted, with tailoring of

program information to individual needs and charastics.
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Practice Points:

1. Sleep restriction is prevalent amongst adoldscamd has negative implications in terms of gdrveed-
being.

2. School-based sleep promotion programs effegtimgprove sleep knowledge.

3. A possible limitation of school-based sleep potion programs is that such programs do not adetjuat
consider the importance of using motivational sigas.

4. Individually tailored health promotion progran(ise., involving motivational interviewing) haveén
successful when used to modify other adolescerthhedated behaviours including those involving
reproductive health, and smoking.

5. Investigation of individually tailored adolestateep promotion programs is warranted.

Research Agenda:

1. Additional work is needed to dissect the motosal elements (i.e., attitudes, social influeneewl the
sense of self-efficacy) involved in behavioural @, so that it is possible to determine the raspec
importance of these features in the context ofesbant sleep.

2. Future studies should examine the effectivenéswdividually tailored interventions (i.e., maétional
interviewing) in promoting healthy sleep in adoksce.

3. The effectiveness of internet-based sleep pram@rograms targeting large groups of adolescents
should be evaluated.

4. Sleep health education should commence in el@ameschool. This may prevent the development of
negative sleep behaviour in adolescence, an agaatbeazed by psychosocial and biological changas t
render individuals particularly prone to sleepiog fittle.
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Transition from Chapter 1 to Chapter 2
The goal of the literature review was to review agdthesize the methodology and effectiveness
of previous school-based sleep promotion intereastifor adolescents in order to offer insights
for future research in the field. Several conclosiavere reached: 1) few sleep interventions
exist for adolescents, 2) existing programs areessful in enhancing adolescent knowledge
about sleep, 3) the programs that evaluate slelegvimur in addition to knowledge outcomes
find insignificant improvements in sleep behaviamnd 4) interventions may be unsuccessful in
improving sleep behaviour because they do not esghadolescents’ motivation but mostly
focus on increasing sleep-related knowledge. Imenended a novel individualized approach to
adolescent sleep promotion programs whereby thecanfrontational style of Motivational
Interviewing is used in order to foster autonommagivation on the part of the adolescent. The
attitudes-social-influence-self-efficacy (ASE) mbd®e Vries & Mudde, 1998) was postulated
as a suitable theoretical model on which to basaldvelopment of a motivational sleep
promotion program as it contains variables thatrelevant to adolescent sleep and that, if
manipulated in an intervention, may be instrumemtatanslating increased sleep knowledge
into actual behavioural changes. In order to furttumtribute to the findings described in the
review manuscript, Study 1 sought to investigate&ctviariables might be important to target in
an intervention in order to motivate behaviour c@nSpecifically, Study lapplied the
Integrated Change Model (which contains the ASHEefhdo adolescent sleep in order to
investigate awareness and motivational variablasgtedict intention to go to bed earlier. Study
1 was a preparatory step to create an evidenceellsdeep promotion program aimed at
manipulating variables found to be relevant in saetry that it enhances the likelihood of

adolescents to go to bed earlier.
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Chapter 2
What Motivational and Awareness Variables are &isdoed with Adolescents' Intentions to Go

to Bed Earlier: A Pre-Intervention Study

Cassoff, J., Gruber, R., Sadikaj, G., Rushani, F., & Knduper(2®14). What motivational and
awareness variables are associated with adoleStgatgions to go to bed earlie€Current
Psychology, 3@2), 113-129.
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Abstract
The aim of the study was to test the motivation awdreness variables of the I-change model as
predictors of adolescent intention to go to bedieraQuestionnaires regarding sleep related
motivational and awareness variables were admieisdt® 127 sleep restricted (determined by
actigraphy) high school students (12—17 years dld¢. motivational variables positive attitudes
towards sleep and parents setting wake time pestifagher intentions to go bed earlier. The
awareness variable sleep related cues to actiompadslicted higher intentions to advance
bedtime. Positive attitudes towards sleep partiakdiated the effect of sleep related cues to
action on intention to advance bedtime. Futurepsfgemotion programs should train
adolescents to detect cues to go to bed earliactease their intentions to go to bed earlier.
Adolescents should be assisted to develop posititedes towards sleep as to enhance their

autonomous motivation to advance their bedtime.
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Introduction

It is a growing concern in modern society thatlesloents do not sleep enough (e.g., obtain
less than 8 hours of sleep (NSF, 2006; Robertseeb Xing, 2010). The most common
reason for insufficient sleep duration is that adoents go to sleep at late hours on school nights
and are forced to wake up for school at a timetgraninates their sleep prematurely
(Carskadon, 2011). Adolescents go to bed late @sedial and extra-curricular activities
occurring late in the evening (Roberts et al., 30te€thnology distractions before bedtime
(Calamaro, Mason, & Ratcliffe, 2009) and delayedadian timing associated with pubertal
development (Carskadon et al., 1993). Insufficadeep has negative effects on physical health
(Lowry et al., 2012), cognition (Gruber, Wiebe, 8elCassoff, & Monson, 2010), emotions
(Dahl, 1999), and increases the risk of injurigg4® et al., 2010). Considering that insufficient
sleep in adolescence has such far-reaching conseggianterventions aimed at advancing
adolescent bedtime (i.e. shifting bedtime backweat@grevent insufficient sleep duration are
needed.

Several researchers have created programs to theligsaents advance their bedtime.

Most of these programs aim to enhance sleep kng@led offer cognitive-behavioural
strategies that facilitate sleep behaviour chaQgetési et al., 2004). These interventions have
been found to be effective in improving sleep krexige with limited effects on sleep behaviour
(e.g. adopting earlier bedtimes). The interventimnavhich sleep behaviour change was
assessed found no effects on sleep behaviour. Rbseshave suggested that this lack of
behavioural change could be due to insufficientivadibn on the part of the adolescent to go to
bed earlier (Cain et al., 2011; Cassoff, Knaupachslelsen, & Gruber, 2013). Motivation may

thus be an important factor to address in studiesdmlescent sleep.



39

The Integrated Change M odel

The current study seeks to investigate motivatiamal awareness predictors of the intention
to advance bedtime. The I-change model (Holm, Krem& De Vries, 2003), which was
originally conceptualized for adolescent smokingaeours, was adapted to bedtime variables
for its use as a theoretical framework in the aurstudy. The I-change model is rooted in the
motivation-focused Attitude-Social Influence-Selfieacy model (ASE; De Vries & Mudde,
1998)). The ASE model asserts that health behawsaoaredicted by an intention to change,
which is determined by motivational elements inatgdattitudes (De Vries et al., 1988), social
influences (De Vries et al., 1995), and self-efficéBandura, 2006). The ASE model is similar
to the TPB, which states that one’s behaviouranton depends on one’s attitude, social norms
and self-efficacy regarding the behaviour (AjzeM&dden, 1986; Fishbein & Ajzen, 1975)
except that there is a stronger focus on socihlentes in the ASE model. This latter insight
concerning social influences is derived from Socedrning Theory (SLT) and other research
on adolescent behaviour change, which proposertbaivation is also a result of social
modeling (Bandura, 1986) and pressure (Evans,et®8). The I-change model includes
awareness variables as precursors to motivatiadtance bedtime and secondary predictors of
intention to advance bedtime. The awareness vasabk derived from the Health Belief Model
(HBM), which stresses the importance of individupksrceived benefit and threat, self-efficacy,
and other moderating variables in predicting intanto change (Janz & Becker, 1984). The
transtheoretical model (TTM) of change describemdividuals’ readiness to perform a health
behaviour (Prochaska & DiClemente, 1983) and isasgnted by the intention outcome in the I-
change model as precontemplation, contemplatiorpaggaration stages of change. In the

present research, the aforementioned stages @fTthewill be used to assess the outcome
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variable, which is intention to advance bedtime terms of the direction of predicted effects,
the I-change model states that a higher intenbarhtinge a behaviour leads to more behaviour
change. More positive attitudes and social inflesp@and greater self-efficacy (i.e. the
motivational factors) determine higher intentiooshange a behaviour. More knowledge, risk
perception and cues to action (i.e. the awareraesterk) lead to the development of the
motivational factors. The validity of the I-chang@del has been supported in the context of
adolescent health behaviours such as smoking (Rianes al., 2003)and sunscreen use (De
Vries, Mesters, Van't Riet, Willems, & Reubsaet)@)0
Adolescent Awar eness About Sleep

The awareness variables of the I-change model (ed#p adolescent sleep) ateep
knowledgdi.e., general sleep knowledgs)eep risk perceptiofi.e., risks associated with not
sleeping enoughgndcues to go to befl.e., cues coming from the body (e.g., yawningjher
environment (e.g., siblings going to bed) that alghat it is time to go to bed). Although sleep
knowledge and risk perception are insufficient @edmining behaviour change, they are an
important first step for driving motivation suchatradolescents must understand the ideal
behaviour, in order to identify the discrepancywssn this ideal behaviour and their own.
Indeed, increased knowledge and risk perceptioasgeciated with enhanced motivation to
improve sleep habits (Cain et al., 2011). Cuexctmn have yet to be investigated in the context
of adolescent sleep but are related to the intertia@dopt other healthy behaviours in
adolescence (Elder, Ayala, & Harris, 1999). Thesaraness variables may be instrumental in
driving motivation and thus are relevant for therent study because it would be valuable to
understand what type of awareness strategies ja gteenotion program should use in order to

enhance motivation to go to bed earlier.
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Adolescent M otivation to Sleep

The motivational variables from the I-change matepositive attitudes towards sleep
(i.e., affective responses to advancing bedtimagial influences regarding sleépe., parents
setting bedtime, parents waking up the child inrtfeening and peer social influence related to
sleep) andelf-efficacy(i.e. beliefs in one’s capability to attain goaach as advancing
bedtime) Developing positive attitudes towards sleep ismapdrtant aim of a current
motivational sleep promotion program for adoless€@ain et al., 2011). Parental set bedtime
(Short et al., 2011) and peer influence (Mednic&lgt2010) play a significant role in
determining adolescent sleep behaviour. It has baggested that the lack of activities to
promote self-efficacy in existing sleep promotiongrams may account for their lack of
efficacy in motivating behaviour change (Cain et 2011).Despite the potential value of these
motivational variables, they have yet to be evadabgether in a theoretical model and as
predictors of the intention to advance bedtitbederstanding the motivational predictors of the
intention to advance bedtime will allow to credtep intervention activities that assess and
modulate these predictors (Michie, Johnston, Feamtardeman, & Eccles, 2008) such that the
intention to go to bed earlier increases and, msequence, adolescents sleep more.
Adolescent Intention to Advance Bedtime

The outcome variable in the current study is thention to go to bed earlier. As found in
other adolescent health domains (e.g. healthygddiaker, Little, & Brownell, 2003, physical
activity; Aradjo-Soares, Mclintyre, & Sniehotta, 20@nd active school travel; Murtagh, Rowe,
Elliott, McMinn, & Nelson, 2012), the intention thhange behaviour is a key predictor of future
behavioural change (Ajzen, 1991; Orbell & Shee2&®0). A meta-analysis (Sheeran, 2002)

with 422 correlational studies examining the ini@mtbehaviour link found that intentions
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explained 28% of the variance in behaviour. Furtheneta-analysis (Webb and Sheeran, 2006)
with 47 experimental studies investigating thentitsn-behaviour link concluded that a medium
to large change in intention predicted a small &mlimm change in behaviour. It is worthwhile
to investigate awareness and motivational predsadbthe intention to go to bed earlier, a
prerequisite to behaviour change, in order to dffety design evidence-based interventions that
aim to enhance such predictors, and by consequigniestion to advance bedtim&ccording to
the I-change model and consistent with previousvatbnal sleep promotion programs (Cain et
al., 2011), intention is measured by assessingtdge of change of the individual (i.e.,
precontemplation, contemplation, preparation, acéind maintenance) as proposed by the TTM
(Prochaska, Norcross, & DiClemente, 2005).
The Present Research

The primary goal of the current study was to apip&/awareness and motivational
components of the I-change model in the contepredicting adolescent bedtime intentions. It
is expected that the awareness variables (i.e. lkealy®, risk perception, and cues to action) will
predict the motivation variables and the intentomadvance bedtime, the motivational variables
(i.e. attitudes, social influences, and self-effigawill predict the intention to advance bedtime,
and the effect of the awareness variables on iotetd advance bedtime will be mediated by the
motivation variables.

Method
Participants

One hundred and sixty adolescents were recruited & high school in Canada. Ethics
approval was obtained from the Research EthicsdBofthe first author’'s home university. As
compensation, students were provided with sleegehggnformation sheets through their

school’s online portal. Participants completed soieg questions that were embedded in the
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guestionnaire and their data were excluded if #e®yed above a threshold indicating a potential
mental, medical, or sleep condition that couldriiete with sleep. Mental disorders were
screened with the Global Appraisal of Individualede Short Screener (Dennis et al., 2008) and
participants were excluded if they had a scoredrgan five on the externalizing and
internalizing subscales. Participants were alsduebetl if they reported taking medication that
could interfere with sleep and/or were diagnoseti wiedical disorders such as asthma, pain
disorders, skin conditions, etc. Sleep disordengewereened with the Pittsburgh Sleepiness
Quality Index (Buysse et al., 1989) and particisamére excluded if they had a global score
higher than five on the measure. Socioeconomiastaas assessed with the Family Affluent
Scale Il (Boyce et al., 2006). Participants’ meHluance score was 7.79, which is within in the
highly affluent range (i.e. 6-9) according to tltesng parameters of the questionnaire. Of the
160 participants who initiated the questionnaif@wkre excluded and 14 did not finish the
guestionnaire. The sample used in the analysisstedsof 127 adolescents, 63 females and 64
males, whose ages ranged from 12 to 17, with a oka4.79 D= 1.43). The randomly
drawn subsample of students who participated irattigraphy portion of the studg € 35) had
a mean age of 14.45D=1.43).
Procedure

Presentations were conducted at the school toormfarents and students about the
study. Parents signed consent forms or providedartronline through the school’s online
portal. All predictor and criterion variables wergsessed via online questionnaires completed
during a class period lasting 70 minutes. Sleep atal end time were assessed via self-report.
To examine whether the self-report data were valitigraphy data were collected from a

subsample of students. Actigraphy is an objectieasure of sleep that assesses sleep timing
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according to body movements (Littner et al., 20683h correlations between the actigraphy
and self-report data indicated that the self-redata were valid and could be used in subsequent
analyses as the outcome variable. Thirty-five sttelevere randomly selected from the main
sample to participate in the actigraphy portiothaf study. They were asked to wear the
actiwatches (AW-64 series; Mini-Mitter Co., Inceml, OR) and complete a sleep diary for
seven consecutive nights.
M easur es

The data reported herein are part of a larger stiatyin addition to the motivation and
awareness predictors of intention to advance bedéiddressed in the current research also
investigated more distal variables of the I-chamgelel. These distal variables are not directly
related to sleep nor relevant for the developméatsieep intervention and thus are not included
in the current paper. All materials are availdbben the authors upon request
Criterion Variables

I ntention to advance bedtime. The criterion variable, intention to advance beeti was

assessed with three measures used in previougantems based on the TTM. The first
measure was a sleep behaviour intention questisnaaaluating readiness to change sleep
habits (Cain et al., 2011). Participants were as&edhoose between six respondedofi’t plan
to (1),  want to (2), | need to (3), | will (4)tried (5), | already do (6jor five items regarding
sleep habits related to going to bed (e.g. “Avanthg to sleep on weekends more than 2 hours
past my normal school-day bedtime time”). A singldicator was created by calculating a mean
score. The second measure, a readiness ruler @aBuinlan, Schiffman, & Earleywine, 2005)
adapted to sleep was completed such that partisipagicated how they presently felt about

going to bed earlier on a 10-point ruler. The timrdasure was the multi-dimensional 12-item
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Readiness to Change Questionnaire (RTCQ); Rollielather, Gold, & Hall, 1992) adapted to
sleep. Precontemplation, contemplation, and actiere each represented by four items
measured on a 5-point scale. A single indicator evaated by adding the contemplation, action
and reverse coded precontemplation items (Labrad ,€2005). To examine the convergence of
these three measures, a confirmatory factor arsa{ZtA) was conducted. The three measures
loaded significantly on one latent factor. Theofithe model was excellent (CFI = 1.00; RSMEA
=.00; SRMR = .00). Standardized loadings of eddhe@measures onto the latent variable (i.e.,
intention to advance bedtime) ranged from .62 Boarfd were statistically significant. Therefore,
in subsequent analyses, the dependent variabéstiomn to advance bedtime, was constructed as
a latent variable defined by the three indicatdle use of the latent variable has the advantage
of increasing power by controlling for measuremamor.

Sleep durationSleep duration on school nights was derived byithes that the
adolescent reported in the questionnaire goingbhetband waking up on a typical weekday.
Awareness Predictors

Please see Table | for operational definitions)da items and internal reliability of the
guestionnaires for the predictor variables.

Knowledge and risk perception. These variables were assessed by items from aitrue
false adolescent sleep quiz (Cain et al., 2011)tanas from an adolescent sleep knowledge test
(Bakoti et al., 2009).

Cuesto action. Cues to action were measured by a 6-item questimasking
participants to indicate how often they have natitgernal and/or external triggers to advance

bedtime within the past six months. Questionniéén®as were adapted to sleep content from a
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cues to action questionnaire pertaining to andtleaith behaviour (Umeh & Rogan-Gibson,
2001).
Motivational Predictors

Attitudes. Attitudes were measured by eight items from a mediversion of an attitude
guestionnaire pertaining to another health behaidalm et al., 2003) as well as items that we
developed specifically for this study.

Peer influence. Modeled after a questionnaire of another healttatelr (Holm et al.,
2003), social norms were assessed by asking peatits the extent to which their friends would
think that they should modify their bedtime to amlier/later time. Social pressure was assessed
by asking participants how often they had felt pues from their peers to change their bedtime
to an earlier and/or later time.

Parental influence. Parental influence was defined as the frequeneyhich parents set
their child’s bedtime and wake time on wake dayseRtal influence on adolescent bedtime and
wake time were each measured by one question. Uésigns were based on items from the
School Sleep Habits Questionnaire (Wolfson & Cailska 1998).

Self-efficacy. Self-efficacy was assessed by the 10-item GenetékeSicacy Scale
(Luszczynska, Gibbons, Piko, & Tekozel, 2004). Sbale measures the overall confidence in
the ability to cope a wide range of novel situagion

Results

Descriptive Statistics

Table | provides the means and standard deviatibhedtime, wake time and sleep
duration assessed through actigraphy and the quesire for the subsample that participated in
the actigraphy portion of the study. Table Il gisesents the Pearson correlations between

actigraphy and questionnaire data. Actigraphy desige strongly correlated with their respective
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guestionnaire data. Thus the questionnaire’s glaggpcan be considered valid and usable for the
subsequent analyses. Based on the questionnasrefdat participants, 98% percent of
participants in the current study slept too liftle., less than 9.2 hours (Carskadon et al., 1980
with only 3 participants obtaining over 9 hoursstdep on a school night. Table Il presents the
descriptive statistics and bivariate correlatiohalbkey variables.
Data Analysis

Structural equation modeling was used to examumgoposed model of determinants of the
intention to advance bedtime (see Figure 1). Torgx@ whether motivation variables mediated
the effect of awareness variables on the intertbadvance bedtime, additional regression paths
from the awareness variable (i.e. cues to actmm)ativational variables were constructed.
Lastly, covariances among predictor variables chegroup were estimated. Analyses were
conducted using the Mplus software package (Versjaviuthen & Muthen, 1998-2012) and
the Maximum Likelihood Estimator with standard esrthat are robust to non-normality of
observations and to missing data. Fit of the mages examined using the root mean square
error of approximation (RMSEA), standardized ro&am square residual (SRMR), and
comparative fit index (CFl). RMSEA and SRMR valwés08 or less (Hu & Bentler, 1999) and
CFl values over .90 (Hoyle & Panter, 1995) indicg@ed model fit. The indirect effects were
examined using the MODEL INDIRECT command of Mpliis.minimize model identification
issues and enhance parsimony, model building pdeckas follows (Groenland & Stalpers,
2012): First, we examined separate models thatdeal either only (a) awarenesss variables or
(b) motivation variables. Non-significant predicdavere deleted from the subsequent analyses
based also on the evidence of small and non-sagmificorrelations with the other variables in

the model (see Table Ill). Based on these criteis& perception and self-efficacy were deleted.
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The final model included parents setting bedtinaegpts waking up the child, positive attitudes
towards sleep, and peer influence on bedtime astdaredictors and sleep-related cues to action
as an indirect predictor of the intention to adwahedtime (Figure 2).
Modeling the Relationship Between Predictor Variablesand Intention to Advance Bedtime
Results from the model suggested that a signifipasportion & = .49,p < .001) of the
variance in the dependent variable (intention teaade bedtime) was accounted for by the other
variables in the model. As expected, the motivatianables i.e.parents waking up the child
andpositive attitudes towards sleggere positively associated with the intention deance
bedtime (see Table IV for unstandardized and staliwkad path coefficient@-values and fit
indices). Participants who reported more posititiéuales towards sleep, compared to
participants with less positive attitudes, alscorégd an increased intention to advance bedtime.
In addition, participants who reported greater @iy of parents waking them up in the
morning, compared to participants who reported ldinejuency of parents waking them up in
the morning, also reported an increased intenbagotto bed earlier. There were no significant
associations between peer influence and parertsigéedtime and the intention to advance
bedtime. As anticipated, the awareness variabés to actionwas positively associated with the
motivational variablepositive attitudes towards sleepdpeer influence on bedtin{see Table
IV). Relative to participants reporting lower les@f cues to action, participants who reported
higher levels of cues to action also reportedrftjgased positive attitudes towards sleep and (2)
increased peer influence on bedtime. Surprisirglggp-related cues to action were negatively
related to parents setting bedtime, such thatqogatnts reporting higher levels of cues to action,
compared to participants reporting lower cues tmagcalso reported a lower frequency of their

parents setting bedtime. Further, the awarenesabl@, cues to action, directly predicted



49

stronger intentions to go to bed earlier. There m@association between the motivational
variableparents waking up the chilshd the awareness varialiges to action.

The motivation variabl@ositive attitudes towards slegs a partial mediator of the
effect of the cues to action on the intention teaate bedtime (see Table IV). Cues to action
predicted an increase in positive attitudes towalelsp, which in turn resulted in stronger
intentions to go to bed earligf € .15,z=2.66,p <.01;95% CI = .05 to .28

Discussion

Our sample was comparable to the sample descnibtie i2006 National Sleep
Foundation poll (NSF, 2006) such that the majasitparticipants in the current study do not
sleep enough. In the current study, we evaluatestiven sleep-related awareness and motivation
variables of the I-change model are predictorhefihtention to go to bed earlier in order to
inform the development of an adolescent sleep ptom@rogram. The results for the most part
were consistent with our predictions: The awarenassblecues to actiompredicted the
intention to go to bed earlier. The motivation ahtesparents waking up the chiehdpositive
attitudes towards sleegso predicted the intention to go to bed earAelditionally, the indirect
effects supported our hypothesis that motivatiamades (i.e., parents waking up the child and
positive attitudes towards sleep) were partial r@eds of the relationship between the awareness
variablesleep-related cues to acti@md the outcome variabiatention to go to bed earlier.

This is the first study to examine predictorsha# tntention to advance bedtime in a sample of
typically developing adolescents in order to infdira development of a sleep promotion
program. The significance of the sleep-related ¢toestion findings is two-fold. First, sleep-
related cues to action directly predicted strongimntion to go to bed earlier. This is consistent
with other research findings demonstrating thalest®nts who report experiencing external

cues to action also report stronger intentionsatoyoout certain behaviours such as returning for
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Papanicolaou smear screening (Kahn, Goodman, Bleang, & Emans, 2001) and wearing a
bicycle helmet (Lajunen & R&sanen, 2004). As sitahay be worthwhile for sleep promotion
programs to call attention to adolescents’ extecnak to go to bed earlier as it seems to be that
attending to these cues influences sleep behaglmnges. Sleep promotion programs may also
benefit from training adolescents to detect thaiernal cues to go to bed earlier. This can be
possibly accomplished through mindfulness actisisach as body scans (Thompson &
Gauntlett-Gilbert, 2008) that train adolescentséoome more in tune with bodily signals (e.g.,
burning eyes), which may allow internal signalgiddness to become more salient. Indeed,
mindfulness-based approaches have been effectelemgating sleep duration in adolescents
with substance use disorders (Britton et al., 20Ndfulness based approaches may also be an
effective strategy with normally developing adokssts who may benefit from becoming better
able at recognizing their body’s signs of tiredness

Second, cues to action predicted more positiveudts towards sleep, which in turn
predicted stronger intentions to go to bed earkerhaps the self-regulated recognition on the
part of the adolescent that his/her body is tissithstrumental in foreseeing the personal
advantages associated with going to bed earler feveloping positive attitudes towards sleep),
which in turn results in an increased desire toogloed earlier. Indeed, research has shown that
positive attitudes and recognizing cues to actrenpasitively associated with each other and are
both related to greater intention to engage inthgakproductive behaviours (Wang, Charron-
Prochownik, Sereika, Siminerio, & Kim, 2006)

The importance of recognizing cues to action ishier supported by the current study’s
finding that adolescents who perceived cues toogeetl were woken up by their parents in the

morning, which in turn resulted in stronger intens to go to bed earliePerhaps adolescents
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who are cognizant of feeling tired seek out thephfl their parents to wake them up in the
morning and thus are motivated to change theipsbehaviour in order to prevent being tired in
future mornings. The interaction between the delagiecadian rhythm of adolescents and the
need for adolescents to wake up at a time thatvallbem to arrive at school on time results in
adolescents waking up at a time that terminates steeep prematurely (Carskadon, 2011). Thus,
it is possible that the time at which a parentakiwg up his/her child in the morning is the point
in the day where the adolescent’s internal sigoélsredness are strongest. This experience of
fatigue may increase the adolescent’s intentiorgdoto bed earlier. Future research should
investigate the potential reason for why recogmjzaues to action is effective in improving
attitudes towards sleep, maximizing parental infeeeon waking their child during the week and
leading to intention to advance bedtime.

The finding that the variableositive attitudes towards slegms a direct predictor of the
intention to advance bedtime is consistent witlepttealth behaviour studies demonstrating that
adolescents’ positive attitudes towards behavieuch as healthy eating (Pedersen, Grgnhgj, &
Bech-Larsen, 2012) and exercise (Graham, Sirafde&mark-Sztainer, 2011) predicted the
intention to improve each of the behaviours. Irt,faadecent motivational intervention was
successful in increasing adolescent motivatiorbtaiao more sleep by enhancing beliefs
regarding the importance of sleep (Cain, 2012). dureent study also supports recent research
advocating a shift from only educating adolesceabitsut sleep to also motivating them by
enhancing their positive attitudes towards sle€pir{ et al., 2011; (Cassoff et al., 2013).

The current study found that parents setting begltvas not associated with intentions to go
to bed earlier. This finding is inconsistent witleyious research demonstrating the positive

consequences of parents setting bedtime on advgahbeuitime, prolonging sleep duration and
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reducing daytime tiredness in their children (Skebrl., 2011). One explanation for this
inconsistency is that although parents settingibedimay result in adolescents going to bed
earlier, these behavioural changes may not be nagun a way that is autonomous on the part
of the adolescent and thus he/she does not femlsamal intention to change. This postulation is
supported by research investigating educationalamnés suggesting that adolescents who feel
autonomous rather than externally regulated tcoperfvell in school demonstrate positive
attitudes towards and feel personally investethiénttehaviour (Deci, Vallerand, Pelletier, &
Ryan, 1991). Indeed, the current study showeddhes to action predicted less parental bedtime
setting. This effect can be interpreted as showhagadolescents who are able to autonomously
recognize internal and external signs to go todmedot need their parents to tell them to go to
bed, i.e. they show a self-determined willingnesgd to bed earlier. Together, the findings of
the current study along with research examiningehapproaches to adolescent sleep promotion
(Cassoff et al., 2013) suggest that the ideal gbatiolescent sleep promotion programs should
be for the adolescent to feel supported by higsheents to go to bed earlier but in ways that the
adolescent feels autonomously motivated to chahgegby experiencing a personal drive to
make a sleep behaviour change.

In sum, adolescents who are able to identify irgeamd external cues to action report
positive attitudes towards sleep and have parentswake them up in the morning seem to have
greater intentions to advance bedtime. Sleep priomptrograms should aim to enhance
adolescents’ intention to advance their bedtime way that promotes their autonomous
motivation to advance bedtime.

This was the first study to apply a theoretical gldd examine adolescent predictors of

the intention to go to bed earlier. Furthermorgedtive data (actigraphy) were used to validate
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the self-report sleep data. Consistent with otesearch concluding that it is important to assess
adolescent self-reported sleep estimates (Shaajiar, Lack, Wright, & Chatbum, 2013), the
current study demonstrates that indeed self-repedsures of sleep may a valid tool to assess
sleep in the normally developing adolescent popmraDespite these theoretical and
methodological strengths, several limitations stidaé noted. First, although structural equation
modeling was performed, the study was cross-setemmd thus the results do not provide
inferences about temporal sequence. Second, th@lesaras recruited from a private high school
suggesting that our findings may not be generdkzabadolescents of a lower socioeconomic
status. For example, adolescents from lower SESmonities report later bedtimes than their
higher SES counterparts. Further, students frorafgihigh schools may experience more
pressure by their parents to perform well acaddigjgaore have opportunities to participate in
extra-curricular activities that occur on weekdagrgngs, and may have more electronic devices
available in the home, which can concurrently impheir sleep habits in a negative manner.
The different social and cultural circumstancesented to adolescents suggest that the MTSM
program may not adequately address the needs t#sadats from high schools in the public
sector. Third, the knowledge measure utilized endtirrent study had low internal reliability and
thus the variable could not be investigated asmiatiepredictor of the intention to advance
bedtime. Fourth, the degree to which adolescenteped pressure from their peers to change
their bedtime was measured. However, it was natipally assessed whether peers pressured
the adolescent to go to bed earlier or laterthe direction of the peer pressure was not assessed
thereby introducing a measurement limitation. Diesfiiese limitations, the present study
provides valuable information for the developmeraolescent sleep promotion programs by

determining significant predictors of the intentimngo to bed earlier.
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Table |

Means and Standard Deviations for Key Sleep Vagmbihd Pearson Correlations Between

Actigraphy and Questionnaire Sleep Variables (n5F 3

Actigraphy Self Report Correlation
(sleep time) (timein bed) between
questionnaire

and actigraphy

Bedtime 11:07 (0:47) 10:49 (0:59) 1>
(Mean &D))
Wake time 7:00 (0:35) 6:58 (0:33) AT
(Mean SD)
Total Sleep Time 7.87 (0.73) 8.14 (0.93) .63**
(hours)

** Correlation is significant at the .01 level
Note. Self-reported sleep duration was calculaged function of bedtime and wake time
responses. The data above represents sleep onayseB&dtime was calculated as per the time

the participant fell asleep in the actigraphy asialy



55

Eizlcerigtive Statistics and Pearson Correlation&ey Variables
1 2. 3. 4. 5 6 7 8 9 100 11 12
1. Behavioural intention
2. Readiness to change 19*
3. Readiness ruler 247 ABx*
4. Parents setting bedtime .01 -.24*%* - 19*
5. Parents waking up child 23* 10 10 .08
6. Attitudes towards sleep 27 44 38> -28** 01
7. Peer social influence A1 27 .18* -.12 -.001.21*
8. Cues to action .04 A40** A7 -.19* .06 .25 137
9. Sleep duration 22%  -25%*  -.05 32%* 13 .04 17 -.37**
10. Knowledge -.02 .002 .07 A2 -.14 .08 .02 -.02 .05 -
11. Risk Perception .05 127 A5 -.13 -.001 .34* 15 . A2 -06 .14
12. Self-efficacy 10 .001 A3 -.14 -11 10 -04 03. -18 -10 -.01
Mean 3.20 16.46 4.94 1.66 2.63 2.97 2.20 2.18 7.881 90 3.03
SD 1.02 6.86 2.14 .88 .82 45 1.26 57 98 .26 .18 48
Range 4.6 34 10 3 3 2.5 5 2.5 5 1 1 2.4

Note. p <.05; *p< .01
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Table 11l

Operational definitions, sample items and intermraiability of the questionnaires for the predicteariables.

Predictor Variables Operational Definition Sampleltem Internal Reliability

Awareness predictor variables

Knowledge Awareness of sleep Most teenagers need at KuderRichardson
information relating to least nine hours of sleep (KR2J) coefficient= .12
bedtime. each night.

Risk perception Perceived risks associatedGetting one hour less KuderRichardson

with delayed bedtimes.  sleep per night than | needKR21) coefficient =.57
will have an effect on my
daytime performance.

Cues to action Internal and external cues How often have you a=.68
to advance bedtime in noticed symptoms of lack
adolescents. of sleep (e.g.: tiredness,

lack of concentration,
poor mood) in the past six

months?
Motivational predictor variables
Attitudes Beliefs regarding the Please state how much o =.68
importance of advancing you agree with the
bedtime. following statement: Sleep

is a priority in my life.

Peer influence Perceived social norms Do your friends go to bed a = .67
and social pressure. at a different time than
you (either earlier or
later)?



Parental influence

Self-efficacy

57

Frequency in which How often is the N/A
parents set participant’s following option the
bedtime and wake time onreason you go to bed on
wake days. school days? My parents
have set my bedtime.

Perceived control over It's easy for me to stick to o = .86
daily activities. my aims and accomplish
my goals.
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Table IV

Estimates of the Direct Path and Indirect PathsrfrGues to Action to Intention to Advance Bedtime

Paths Unstandardized Standar dized Unstandardiz
Path Coefficients | Path Coefficients (S.E.) | €dp-value
(SE)
Cues~> Intention .35(.13) .25(.09) .001
Attitudes—> Intention 1.38(.29) .45(.08) .000
Peer Influences> Intention .19(.11) .17(.09) .061
Parents waking up the chitg Intention | .24(.12) .18(.09) 041
Parents setting bedtim® Intention -.11(.12) -.09(.09) 334
Cues~> Attitudes .11(.04) .25(.08) .001
Cues~> Peer Influences 52(.11) .42(.08) .000
Cues~> Parents waking up the child | .06(.08) .06(.08) 464
Cues~> Parents setting bedtime -.21(.08) -.19(.09) .021
Indirect Paths
Cues~> Attitudes—> Intention .15(.06) .11(.04) .008
Cues~> Peer Influences Intention .10(.06) .07(.04) .079
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Cues~> Parents setting bedtin .02(.02) .01(.02) 481
Intention

Cues~> Parents waking up the chitt | .02(.03) .02(.02) .394
Intention

Fit Indices

ya df | RMSEA | SRMR | CFI/TLI | AIC BIC
11.38 10 | .03 .04 0.99/0.97| 3293.48 | 3390.18
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Fig. | Proposed Relationship Amongst Sleep Variablesdasdhe I-Change Model
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Fig. Il Intention to Advance Bedtime as Predicted by th¢iwational and Awareness Factors
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Transition from Chapter 2to Chapter 3
The purpose of Study 1 was twofold. The first geak to investigate the applicability of
the I-change model (a theoretical model of behavobiange that includes motivation and
awareness precursors to intention to change) iocdhtext of adolescent sleep. The goal
was to investigate the motivational and awarenasgsbies associated with adolescents’
intention to go to bed earlier. The rationale west bnce | understand what variables
may be influential in enhancing intention to gdotd earlier, | will then use techniques
to enhance these variables in a sleep promotiogranma Thus, the overall purpose of
conducting the first study was to build a solidatetical and empirical framework to
increase the likelihood that the intervention tacheated for Study 2 will be effective in
motivating sleep behaviour change. Structural egnahodeling identified the variables
sleep related cues to acti@amdpositive attitudes towards sleap predictors of a higher
intention to advance bedtime and the varigdaeental set bedtimas a predictor of a
lower intention to advance bedtime. The findingStfdy 1 were used to inform the
development of th#&lotivating Teens to Sleep Mopeogram implemented and evaluated
in Study 2. Specifically, | created and implemenraetlvities into the program aimed at
enhancing adolescents’ ability to detect cues ttodmed earlier (e.g. body scan directed
to body parts that may signal fatigue) and to dgvglositive attitudes towards sleep (e.g.
decisional balance exercise tailored to sleepdysiualso showed that adolescents may
be more likely to have a personal intention to ¢jeatineir sleep behaviour if they have a
sense of autonomous motivation. As such, my prognaorporated a supportive
motivational interviewing style and tailoring teemes to enhance the perceived

autonomy on the part of the adolescent in makisig@p behaviour change.

62



63

Chapter 3
Study Protocol of the Motivating Teens to Sleep &Brogram Aimed at Improving Motivation

and Advancing Bedtime in Adolescents

Cassoff, J., Rushani, F., Gruber, R., & Knduper, B. (2014). |I5ating the effectiveness of the
motivating teens to sleep more program in advanbadjime in adolescents: a randomized
controlled trial. BMC Psychology, (&), 1-10.

63



64

Abstract
Background: Sleep restriction is a prevalent issue for ad@etcand has been associated with
negative cognitive, emotional, and physical he@tl., poor attention, depressed mood,
obesity). Existing sleep promotion programs aresssful in improving adolescents’ sleep
knowledge but not sleep behaviour. The aim of thmslomized controlled trial is to evaluate the
effectiveness oMotivating Teens to Sleep Mopeogram — a sleep promotion program with
embedded sleep education that combines three ag@sianotivational interviewing style,
tailoring activities, and stage-based interventicas compared to a sleep education only control
in motivating adolescents to go to bed earlierilegqtb prolonged sleep duration.
Methods/Design: TheMotivating Teens to Sleep Maostudy will be conducted with adolescents
at a Montreal high school. Half of the participawi§ be randomly assigned to the Motivating
Teens to Sleep More program condition and the dthErto the sleep education control
condition. Each condition will consist of four 14rosessions spanning four consecutive weeks.
Bedtime will be assessed by sleep logs completed ¥eeek prior to the start of the program, in
the middle of the program and following the progr&@teep onset and total sleep time will be
assessed by actigraphy for one week prior to #m ahd following the program.
Discussion: The Motivating Teens to Sleep More program is \@ehotervention that
contributes theoretically to the field of pediatsieep by merging three approaches to motivate
normally developing adolescents to adopt earlidtibees. Should the program be successful in
advancing bedtimes and increasing total sleep tingestudy would offer insights in how to
design effective motivational sleep promotion peogs for adolescents, which can potentially
improve adolescent health and well-being.

Trial registration1SRCTN19425350
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Introduction

Evidence indicates that sleep restriction (theiglation of sleep from one’s needed amount
for optimal performance) is particularly prevaleamtdolescent populations (Reynolds & Banks,
2011). While experts state that the optimal amafisteep in adolescence is 9.2 hours per night
(Carskadon et al., 1980; Iglowstein et al., 2008ydér et al., 1998), a recent poll by the
National Sleep Foundation found that 61% of ad@etcare not getting this recommended
amount of sleep (NSF, 2011). Delayed bedtime igptheary cause of insufficient sleep duration
in this population, i.e. adolescents go to bedab® In a longitudinal study (Iglowstein et al.,
2003) comparing the sleep timing of three birthatd (1974, 1979 and 1986) until the age of
16 years old, it was found that adolescents’ stkeption was lowest in the most recent decades.
The decreased sleep duration was attributed todatélater bedtimes but unchanged wake up
times. The latter finding can likely be attributiedset wake up times for school in the morning
but increasing distractions at nighttime includiaghnology, social life and extracurricular
activities. Further, adolescence is associated avidklayed sleep phase resulting in an
endogenous preference for much later bedtimesdhidaren and adults. Sleep restriction due to
late bedtimes is associated with poor attentioficitiein academic achievement, depressed
mood, psychoactive substance use, car accidentglsesity in adolescents (Curcio, Ferrara, &
De Gennaro, 2006; Dewald, Meijer, Oort, KerkhofB&gels, 2010; Durmer & Dinges, 2005;
Knutson, Spiegel, Penev, & Van Cauter, 2007; Den@ltatt & Meijer, 2013) have shown that
gradual advancement of adolescent bedtime is éfeagpproach and is associated with
increased total sleep duration. Given the negatiyeact of sleep restriction on adolescent
health, widespread efforts to create sleep int¢imes aimed at advancing bedtime in order to

increase sleep duration are needed.

65



66

Existing adolescent sleep promotion programs mdodys on sleep education and have
indeed been found to be successful in enhancinigscent knowledge about sleep (Baketi
al., 2009; Cain et al., 2011; Cortesi et al., 20@dseley & Gradisar, 2009) but the programs for
which sleep behaviour in addition to knowledge oates has been evaluated find insignificant
improvements in sleep behaviour (Cain et al., 20dseley & Gradisar, 2009). Adolescents
may not be motivated to go to bed earlier as th@beur change implies less time for leisure,
extracurricular activities, communicating with figs, etc. (Cassoff et al., 2013). This lack of
motivation might perhaps account for the ineffica€gurrent programs in changing
adolescents’ bedtime.

Thus, the current adolescent sleep research isdd of further research to consider and
investigate the role of adolescent motivation & development and implementation of sleep
promotion programs (Cassoff et al., 2013). The $omu solely enhancing sleep knowledge
rather than also addressing motivational readiteesaprove sleep behaviour may explain why
efforts to reduce adolescent sleep restriction nemmastly unsuccessful. Therefore, we
developed the Motivating Teens to Sleep More (MT®kdgram. It aims to fill the gaps of
previous research by enhancing motivation to doetb earlier in a way that is congruent with
adolescent developmental characteristics. The MPp&Mram aims to enhance motivation by
incorporating three main active ingredients, nanaetgotivational interviewing (Ml) style, a
stage-based intervention approach and a tailotedviention approach.

Motivational I nterviewing

Motivational Interviewing is a collaborative, pensoentered counseling style that elicits

and strengthens motivation for change (Miller & IRk, 2002). It is based on unique principles

including expressing empathy towards the clientperaging the client to be autonomous rather
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than assuming an authoritarian position that impadeas on them, rolling with resistance (i.e.
not confronting and challenging the client wherytheake resistant statements), and helping the
client realize that there is a discrepancy betwbkeir current maladaptive behaviour and their
life goals and values (Baer & Petersen, 2002). 8H been found to be effective in motivating
behaviour change especially when used in conjumetith another intervention (Hettema,
Steele, & Miller, 2005). As such, the effects of MImotivating advanced bedtime may be
enhanced when applied with stage-based and taiiotevention components. Additionally, its
non-confrontational nature encourages adolescemsmke autonomous decisions to advance
their bedtime. This is fitting with the tendency fdolescents to rebel against authority figures
as well as the increase in independent decisionfgalssociated with the adolescence
developmental period (Elliott & Feldman, 1990). Tiheraction between the interventionist and
participant will be in the form of a conversatiaihrer than authoritarian instruction, which is
characteristic of the Ml style. Further, due toet8cacy in motivating adolescents to make
positive behavioural changes in health areas imtusimoking, alcohol use, and diet, Ml has
recently been proposed as a potentially suitatvuention for promoting healthy sleep habits
in adolescent populations (Gold & Dahl, 2010). Tfarsthe effects of MI on adolescent sleep
behaviour have been evaluated in the school co{@ath et al., 2011) where motivational
sessions were offered to groups of students at éitteugh motivation to improve sleep habits
was increased following the intervention, no diéieces in sleep behaviour were found. The
current study will investigate Ml delivered in asaon-one context because the principles of Ml
are best suitable for one-on-one programs, espewibken targeting complex behaviours such as

sleep (Britt et al., 2004; Rollnick & Miller, 1995)
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Tailored Intervention

Tailored interventions are created by assessirgppal data related to the particular health
behaviour in order to determine the most appropiir@ormation and/or strategies to meet the
individual's unique needs (Kreuter et al., 2003)isTinformation and/or strategies are then
delivered to the person in the intervention. Pesinimg information or tailoring messages for
each individual have been shown to be more effec¢tian presenting generic information in
engaging individuals, building their self-efficaagd improving health behaviours (Noar,
Benac, & Harris, 2007; Sohl & Moyer, 2007). Thegsggrowing evidence for the use of tailoring
in complex health behaviour interventions (e.g.fotrition; Hoelscher, Evans, Parcel, &
Kelder, 2002, exercise; Salmon, Booth, PhongsaMamphy, & Timperio, 2007 etc.). Tailored
interventions are most effective with complex hedkehaviours that involve multiple actions
(Kreuter et al., 2003). Bedtime (i.e. putting oregebed) can be considered a complex
behaviour because it encompasses multiple actmwhsding employing sleep hygiene
behaviours that occur before bedtime, ignoring #itnde of distractions that occur at bedtime,
and physically putting oneself into bed. Due to¢heplexity of bedtime and the effectiveness
of tailored intervention with complex health bel@wis, the current sleep promotion program
will be tailored. Specifically, the MTSM programliMbe ‘tailored’ to important determinants of
sleep and to other personal characteristics gb#necipant that could be helpful in further
enhancing the effectiveness of the activities usezhch session. While the stage-based part of
the sleep promotion program will customize contisyiending on the stage of change, that is,
individuals similar in their readiness to changeels will receive similar strategies; the tailored
part of the intervention will further customizeentention activities to personal characteristics

including personality, goals, values, and otheedeinants of sleep behaviour change.
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Adolescents may respond well to tailored intervamgibecause it allows for the development of
personal and direct intervention content basedements such as likes/dislikes, needs, and
current health behaviours or behavioural intentiéios example, because the MTSM program is
tailored to the needs and preferences of eachcpmatit, the extent to which parents are involved
varies between participants. There is ample oppdaytéor the adolescent to express how his/her
parents could support his/her decision to go todsetier. However, in some cases, the
adolescent expresses that a sibling or friend wbalbetter suited as his/her support system.

One-on-one interventions have been developed poove the sleep patterns of adolescents
diagnosed with delayed phase sleep disorder (Gnadisal., 2011; (Saxvig et al., 2013;
Wilhelmsen-Langeland et al., 2013). Results indi¢he treatments involving one-on-one
cognitive behavioural therapy (CBT) aimed at mdiivgithe individual in addition to a
chronobiology-related treatment (e.g. bright lighgrapy, melatonin administration) result in
more sustained advancements in circadian rhythgnralent than protocols without CBT
(Gradisar et al., 2011). To our knowledge, tailomnaativational interventions have yet to be
applied in the context of normally developing adoknts’ sleep.
Stage-Based Intervention

Stage-based interventions, grounded in the Traonsthical Model of Behaviour Change
(TTM), deliver stage-tailored content that is ainagromoting movement through stages of
change and leading to improvements in health belavilecisional balance, and self-efficacy
(Prochaska & Velicer, 1997). The majority of thereat study will be modeled according to a
stage-based intervention as the program will inedikst identifying the readiness to advance
bedtime of the adolescent and then identifyingcitreesponding processes of change that the

TTM proposes to be necessary in enabling and faitig stage advancement (see Table 1).
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Once the processes are identified, the interveistiovill employ activities (found efficacious in
previous sleep studies) in order to boost thosegages, with the goal of enhancing motivation
and readiness to advance bedtime. Stage-basedentiens have been found to be effective in
the cessation of maladaptive behaviours such akiegyaocaine abuse, and delinquent
behaviour, and in the acquisition of positive bebaxs such as safer sex practices, sunscreen
use, and regular exercise in adolescents (Proal&askochaska, 2010; Riemsma et al., 2003;
Weinstock, Rossi, Redding, Maddock, & Cottrill, BQOThis is relevant for the current
intervention because going to bed earlier, likeafogementioned health behaviours, is a
behaviour that adolescents tend to be unmotivateddhother reason why a stage-based
intervention is fitting for a sleep promotion pragr is because the activities used to boost TTM
processes (i.e. to progress an individual throbglstages of change) overlap significantly with
intervention strategies currently used to promoi@escent sleep (see Table 1). All existing
adolescent sleep promotion programs incorporagpdaowledge (Bakatiet al., 2009;

(Bootzin & Stevens, 2005; Cain et al., 2011; Cor¢sl., 2004; De Sousa et al., 2007; Moseley
& Gradisar, 2009). Some have used strategies imguzbgnitive restructuring (Bootzin &
Stevens, 2005; Moseley & Gradisar, 2009), mindfsgnexercises (Bootzin & Stevens, 2005;
Cain et al., 2011), stimulus control (Cain et2011; Moseley & Gradisar, 2009), role playing,
goal setting (Cain et al., 2011), cues to actioa dusa et al., 2007), and personal action
exercises (Moseley & Gradisar, 2009). Stratediasltave demonstrated to be effective in
previous sleep promotion programs will be incorpedan the current intervention. Please see
Table 1 for a detailed explanation of how the aitéig used in previous sleep promotion
programs will be integrated within the Motivatingdns to Sleep More program. To our

knowledge, stage-based interventions have yet appked in the context of adolescent sleep.

70



71

The Current Study

Theobjective of this trial is to compare improvemeintsleep habits immediately following
the completion of the program and at 3-month amndoith follow-up periods in adolescents
receiving theMlotivating Teens to Sleep Mopeogram, an individualized sleep promotion
program (embedded with a sleep education compoaangd at enhancing motivational
readiness to go to bed earlier in comparison téeadents in a one-on-one sleep education only
condition. The active sleep education control grailpbe used to parse the beneficial effect of
one-on-one aspect of the intervention from the heiakeffect of stage-based, tailored sleep
education and motivational techniques (i.e., thevaéngredient of the MTSM) in regard to
these sleep-constructs. The effects of the Motigaleens to Sleep Mofrogram will be
assessed according to the following bedtime-relatedtructs: (1) time that the adolescents go
into bed (i.e. bedtime), (2) time that the adolessdall asleep (i.e. sleep onset), and (3) dunatio
for which the adolescents are asleep (i.e. totapstime).

Methods

Design

The current study is a parallel randomized colgdalrial in which the experimental group
receives the one-on-one MTSM program includingtad motivational strategies and sleep
education as a component within the program anddh&ol group receives one-on-one sleep
educational sessions only.
Participants

The participants will be high school students ab2d 8 years old. Previous research
(Treasure, 2004) suggests that the effect sizedatentions based on adaptations of

motivational interviewing as well as manualizedsians of motivational interviewing have a
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small effects (i.e. d = 0.25). Assuming an effere of 0.25, the required number of participants
was calculated for a power level of .80 and analpliel of .05. Given the within subject design
with sleep measured at pre, post and 6-monthsialip, power analyses revealed that a sample
size of 30 adolescents would be required. Inclusi@eria will consist of having a late bedtime
(i.e. a bedtime that results in less than eightfiofisleep on a school-night) and reporting being
in the contemplation stage of change (i.e. consideadvancing bedtime within the next 6
months). Exclusion criteria will consist of anyegbedisorder and/or medical and mental
condition that interferes with sleep. The screemragredure for medical and mental conditions
that interfere with sleep is that a parent of thikdcresponds to the following question in an
online survey: “Please indicate whether your chid been suffering from any of the following
within the past 12 months.” If the parent choosesttfma attacks,” and/or “skin condition,”
and/or “Attention Deficit Disorder (ADD),” and/oAttention Deficit and Hyperactivity

Disorder (ADHD),” and/or “conduct disorder,” and/@nxiety disorder,” and/or “depression”
then the child is in ineligible to participate. Teereening procedure for sleep disorders is that
the parent and children together respond to thepSesorder Inventory for Students —
Adolescent Version (SDIS-A). As per the scoringnnstions for this instrument, if the overall
score is above 104, then the child is ineligibl@adticipate. Furthermore, in the beginning of
each session the interventionist inquires abouletve of stress the participant experienced in
the past week and gauges for any event that mftgdtahe participant’s sleep schedule. If a
participant reports experiencing excessive levegress during the sessions, it could lead to the

partial or total occlusion of the participant’s @#&tom the analyses.

72



73

Procedure

The parent of an interested adolescent will cortteectesearch team at which time he/she
will be invited to complete an online parental aamisform followed by a screening
guestionnaire on sleep, medical and psychiatriordess. We will sequentially assign each
participant a unique personal identifier to be eedanto the screening questionnaire. Once the
parent completes the form to screen for whethéhéischild has a sleep disorder and if his/her
child remains eligible (his/her child will be contad (via email and/or telephone call) to
complete the rest of the screening process. Thainelar of the screening process will consist of
the adolescent completing an online questionnaiessess his/her stage of change and bedtime.
Should the participant be ineligible to participht#h he/she and his/her parent/legal tutor will
be notified. If the participant is eligible to parpate, the RA will contact the participant an# as
him/her to complete the baseline questionnaireckvhiill occur online at a time of his/her
convenience. The baseline questionnaire will assmsables that are important in
individualizing the sessions including personaleal, attitudes towards sleep, confidence in
ability to change sleep habits, sleep-related sodlaences, and sleep knowledge, risk
perception, and cues to action. At this time, thevRll also schedule the first session and
provide the participant with general informatioroabthe study including the location, duration
and number of the sessions. The first page of éisellme questionnaire will contain an assent
text that will describe the study according to depementally appropriate reading and
comprehension levels of the youngest age grouy€ags old). Participants will be instructed
that by clicking “I agree” they are providing assand agree to participate in the study.

Students will meet with the RA at their school (2ek before the start of the sessions) to

be provided with an actiwatch and instructionsusing it for seven nights in a row. An
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actiwatch is a small watch-like device worn onwrest. It assesses sleep-wake patterns through
body movement during the night. They will also B&eal to fill in a sleep log indicating their

bed and wake times, and napping schedule durisg#riod. After one week, the participants
will return the actiwatch and the sleep log seateah envelope (provided by the RA to ensure
confidentiality) to their school’'s administrativéfioe to be picked up by the RA, at which point
the sessions will begin. The same procedure Wit fslace during actigraphy data collections
after the sessions.

All sessions will be one hour in duration and walke place once a week for four consecutive
weeks. Two graduate students in psychology wilhesiminister half of the sleep education
sessions and half of the MTSM program sessionsstigumaires assessing sleep behaviour will
be completed immediately following each sessionatritiree and six months following program
completion.

Randomization

We will employ a randomization process where theigipant will be allocated to either
group A (MTSMprogram with an embedded sleep education compooegtpup B (Sleep
education sessions only). A randomization sequeiitee created using a secure online
randomization service (www.randomization.com). Téaedomization sequence will be assigned
on a 1:1 ratio to the intervention and control gg@uOnly the research team will have access to
the online randomization scheme. Please see Figiaea description of the study flow.

Control Group: Sleep Education

Each sleep education session will be one-on-arterfientionist and participant) and will

consist of the interventionist presenting inforraatconcerning different aspects of sleep. In

session 1, the interventionist will teach the pgrant about sleep in general, in session 2 about
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teenagers and sleep, in session 3 about sleeméispand in session 4 about sleep hygiene.
Although the participant will be invited to ask gtiens if they do not understand, the responses
offered by the interventionist will be directly a¢éd to content clarification and will not involve
any personalized or motivational strategies.
Experimental Group: MTSM Program with Embedded Sleep Education

The difference between the sleep education ordgiges and the MTSM program with an
embedded sleep education component will be thieihatter the interventionist will not only
teach about sleep but will also use activities #8natmatched to the participant’s readiness to
change their bedtime and are aimed to increasertiaivation to go to bed earlier. Specifically,
the interventionist will choose the activities anduct in the session depending on the current
readiness to advance bedtime of the participaaeBéducation will be embedded in the
program in that participants who are unfamiliarhapiarticular aspects of sleep will be provided
with the information that they are missing. Howe\hkrs will not be provided in a ‘one size fits
all’ format as is the case in the sleep educatemsions. Rather, participants will be provided
with sleep education in a way that is tailored twatthey currently do and do not know. For
example, if the participant is aware of the conseges of sleep on their mood but not the
consequences of sleep on their academic perfornfasadncluded by result on the baseline
guestionnaire), the interventionist will providertiher with the information they are missing by
discussing the potential negative effects of stkgmrivation on attention and behaviour in
school. Due to the inclusion criterion of beinghe contemplation stage of change, at the start
of the first session the activities used will baigar across participants. All activities that cdul
be further tailored to individual characteristi¢gloe participant will be done so in a way that is

standardized in the study manual. For examplenduhe sleep hygiene action plan activity of
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choosing a sleep hygiene behaviour to improve §glaae Figure 2), the interventionist will
congratulate the adolescent regarding sleep hydiehaviours that he/she already does and will
only suggest that he/she chooses a sleep hygidaeibar needing improvement. Sleep hygiene
behaviour information will be provided in the baselquestionnaire by each participant. Finally,
all of the sessions will be conducted in a M| styeMl style will consist of expressing empathy
towards the adolescent, encouraging the adoletzé@t autonomous rather than assuming an
authoritarian position that imposes ideas on theithng with resistance (i.e. not confronting and
challenging them when they make resistant statesjeartd helping the adolescent realize that
there is a discrepancy between their current mptadgabehaviour and their life goals and
values. A specific bedtime will not be prescribedthe teens because this would go against the
motivational interviewing approach. Rather, thementionist will work together with the
participants to set a bedtime goal that is realistised on the teen’s personal schedule and level
of motivation. Further, although a set bedtime gealeated with the teens in the first session,
the participant is encouraged by the interventiaiisipdate this goal (by either making their
bedtime goal earlier or later) depending on theagpess throughout the program. Reminders for
the interventionist to engage in motivational imtewing congruent behaviours are present
throughout the study manual.
Fidelity Assessment

We will measure the fidelity of the intervention byconducting standardized training
sessions for the interventionists consisting ofdag training on the study procedures, the
MTSM program and the sleep education program akasealver 20 hours of clinical training
some of which were delivered by members of the Yitbnal Interviewing Network of Trainers

(MINT) and 2) by audio-recording the sessions tdigtened to by two RAs who will complete
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assessments measuring how adherent the interviesttieas to the study manual and procedures.
We created the fidelity assessment for the custrmty and they consist, in part, of the
Motivational Interviewing Treatment Integrity Co@doyers, Martin, Manuel, Miller, & Ernst,
2010).
M easur es

Bedtime and time in bed. Bedtime is the time the adolescent reported orsiéep logs going
into bed at night. Time in bed is calculated asracfion of bedtime and wake time reported on
the sleep logs.

Sleep onset and total sleep time. Sleep onset and total sleep time will be asslesse
through actigraphy assessments in conjunction eatly sleep logs for the week prior and the
week after the four sessions. Actigraphy is a nettised to measure sleep-wake patterns
through body movement (Littner et al., 2003) byoreang data from accelerometers several
times per second. These computerized wristwat@elgvices collect data generated by
movements. Actiwatches are not intrusive and caordesleep timing without affecting the
child’s bedtime routine. Actigraphy has been vakdaagainst polysomnography with agreement
rates for minute-by-minute sleep-wake identificatr90% (Ancoli-Israel et al., 2003). One-
minute epochs will be used to analyze actigrapleepsdata. The bedtime and wake time
reported in the sleep logs will be used as the atat end times for the current analyses. For
each 1-min epoch, the total sum of activity coumtsbe computed. If they exceed a threshold
(threshold sensitivity value = mean score in actgaod/45), then the epoch will be considered
waking. The first time it falls below that threstiatill be considered “sleep onset”. The

actigraphic sleep measures to be used in this gtetlyde parameters pertaining to actual time
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spent asleep during the night (i.e. total sleeg}iand the time in which the participant falls
asleep (i.e. sleep onset).

Readinessto goto bed earlier. Readiness to go to bed earlier will be assessaady
measures. First, a readiness ruler (LaBrie eR@05) adapted to sleep will be completed such
that participants will indicate on a 10-point rutew they presently feel about going to bed
earlier. Anchors included “Never think about mylbime,” Sometimes | think about advancing
my bedtime,” “I have decided to advance my bedtinfeam already trying to advance my
bedtime,” “My bedtime has changed, | now go toglearlier.” The readiness ruler has shown
good criterion validity with self-reported behavion the areas of condom use and alcohol
consumption (LaBrie et al., 2005). The readinessr will be completed at baseline, after each
session and at follow-up assessments. The secoasluneewill be the 11-item Readiness to
Change Questionnaire (RTCQ; (Rollnick et al., )98®apted to sleep. Precontemplation,
contemplation, and action were each representdédurytems measured on a 5-point scale (-2 =
strongly disagre¢o +2 =strongly agreg¢ Stage of change as measured by the RTCQ has been
validated as a good predictor of health behavi@deather, Rollnick, & Bell, 1993). A single
indicator of readiness to change will be calculdig@ddding up the scores for the contemplation
and action questions and the reverse scores f@réparation questions.Stage of change, as
measured by the RTCQ has been validated as a geditior of health behaviours (Heather et
al., 1993).

Sleep-related self-efficacy. Sleep specific self-efficacy will be measured lsteep self-
efficacy questionnaire (Watts, East, & Coyle, 198@)dified to assess control over putting
oneself into bed. Sample items include “How muclyoo feel that you have the ability to go

into your bed at an earlier hour?” and “How muchyda feel that the time it takes to go into
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your bed is under your control?” rated on a 4-petdle. Responses (Inet at all to4 =to a
great extentwere modified to fit with the question stem. Aneit sleep self-efficacy instrument
was developed for the present study. Items indbdesemantic structure, " | can manage to get
into bed at an earlier hour,... even if (barriewfich is the rule of thumb for domain specific
self-efficacy questions (Luszczynska & Schwar2€05). Sample barriers created for this study
include “even if it meant watching less televisia@rid “...even if it meant not seeing my
friends” and are rated on a 4-point scale (&ry uncertairto 4 =very certain.
Attitudestowards sleep. A decisional balance instrument will be used teassattitudes

towards sleep at baseline, at the end of eachoseasd at follow-up assessments. The
guestionnaire was developed for this study basdtte@work of Orzech (2013), Noland, Price,
Dake & Telljohann (2009), and Pawlak & Colby (200&0d it consists of twenty-two items:
twelve items about the pros and the rest aboutdhs of going to bed earlier. Positive attitudes
towards sleep are computed as the difference battheestandardized pros scores and the
standardized cons scores.
Statistical Analyses

Prior to analyzing the impact of the MTSM intendentin improving adolescents’ sleep
behaviour, t-tests will be run to examine to whasttent randomization was successful.
Specifically, it will be tested whether participarmh the experimental and control group differ in
the following characteristics: sleep deficit (ileours of sleep by which the participants deviated
from the optimal 9.2 hours of sleep), readinesshiange bedtime, sleep-related self-efficacy,
and attitudes toward sleep. Variables on which expntal and control group that differ
significantly will be controlled for in the subsesu analyses. Three two-way mixed ANOVAs

with time (pre- vs. post-assessment vs. 3-montbvialip vs. 6-month) as the within-subjects
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factor and group (experimental vs. control) asiié®eveen-subjects factor will be performed to
test whether adolescents receiving the Motivatiagnk to Sleep More program differ
significantly after the intervention and at thraed six-month follow-up from the adolescents
receiving only sleep education in the followingeglevariables: 1) bedtime, 2) sleep onset, 3)
total sleep time. Significant results will be fugtrexamined by planned comparisons.
Study Progress

The data collection is currently underway such fi&aparticipants have completed the
four sessions and 4 participants have provided Btmimllow-up data. The study will be
terminated once 6-month follow up data from 30ipgrants are collected.
Ethics

The study has obtained approval by the McGill Rese&thics Board in November 2012
(REB# 115-0912).

Discussion

In the current study, we are evaluating the impéet motivational sleep promotion
program with an embedded sleep education compaoempared with sleep education only on
sleep improvements in adolescents. The MTSM progsamovel intervention that merges
three promising motivational initiatives — a motieaal interviewing style, tailoring activities,
and stage-based interventions. To the best of monwledge, this is the first one-on-one sleep
promotion program aimed at motivating normally depeng adolescents to adopt earlier
bedtimes.

The current study can contribute theoreticallyn® field of pediatric sleep by applying
health behaviour theories (e.g. the TTM) in congaliting ways in which to motivate

adolescents to improve their sleep habits. Theeatistudy can also contribute practically by
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offering insights in how to design effective motiemal sleep promotion programs for
adolescents. Should the MTSM program be successéavancing bedtimes and increasing
sleep duration, it can have a positive impact arlestent health and well-being including
improved physical health (e.g. weight regulatioony et al., 2012, less car accidents; Pizza et
al., 2010) cognitive health (e.g. academic perfarcea Gruber et al., 2010), and emotional
health (e.g. mood; Dahl, 1999).

A limitation of the current study is the generaliiy of results. Because the participants
are being recruited from a private high school, fodings may not generalize to adolescents of
a lower socioeconomic status. Further, it will bi@allt to implement the program on a wide-
scale as meeting with normally developing adoletscen a one-on-one basis is resource
intensive. Should the program be successful, onetaveranslate the findings on a wide-scale is
to implement tailored computerized sleep promopiozgrams. Such programs are often
Internet-based and can tailor the content of hgattimotion materials to the specific
characteristics of each participant (Rimer & Kreu906). Not only is delivering the program
over the Internet more feasible than in personjtistconsidered an appropriate way in which to
communicate with adolescerttge to its accessibility and the tendency for agtmats to view

the Internet as a credible source for health infdrom (Borzekowski & Rickert, 2001).
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Table 1. The stages of change and corresponding fifbesses, MTSM activities, variables measurd@dseline, and integration with

previous adolescent sleep interventions

Stage of change Exampleof TTM

Example of aMTSM program activity designed

Variables measured at

I ntegration with

process to enhance the process baselinethat allow to tailor | previoussleep
thisactivity promotion
programs
Precontemplation | Consciousness Sleep education: Discussing with the * Knowledge Sleep hygiene

raising: raising
awareness about
sleep deprivation

adolescent in an interactive way about
sleep-related facts and consequences
related to sleep deprivation.

Risk perception
Information needs
Personal values

education (Bakoti
et al., 2009;
Bootzin & Stevens,
2005; Cain et al.,
2011; Cortesi et al.
2004; Moseley &
Gradisar, 2009)

Self-reevaluation:
examining how one
thinks and feels
about oneself with
respect to the
current behaviour

Contemplation

Decisional balance: Eliciting from the
adolescent thoughts on the pros and cor
of going to bed earlier, while the
interventionist highlights and elaborates
statements that reveal discrepancy betw
current sleep behaviour and future goals
and values, thus encouraging behaviour
change.

S

on
een

Attitudes towards
sleep
Personal values

Cognitive
restructuring
(Bootzin &
Stevens, 2005;
Cain et al., 2011;
Moseley &
Gradisar, 2009)

Dramatic relief:
experiencing and
expressing feelings
to help motivate

Preparation

Role playing and personal testimonies:
Improvising a situation where the
adolescent focuses on the consequence

s of

delayed bedtime in his/her life and then

Self-efficacy

Sleep-related role
playing (Cain et al.
2011; Moseley &
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change relieving this evoked emotional discomfort Gradisar, 2009)
by providing personal testimonies of
individuals who have successfully changed
their bedtime and enjoy the positive
ramifications of that change.

Action Self-liberation: Sleep hygiene action plan: Offering the Personal values Personal action,
choosing to act or participant an agenda setting chart (plea Sleep hygiene goal setting
belief in ability to see Figure 2) from which to autonomous behaviour exercises (Cain et
go to bed earlier choose a sleep hygiene behaviour to al., 2011)

improve.

Maintenance Stimulus control: Stimulus control exercise: Presenting the Social influence Stimulus control

avoiding or
countering stimuli
that make the
adolescent go to be
late

adolescent with instructions on ways to:
remove cues from the environment that
promote late bedtimes, and (ii) add
prompts for earlier bedtimes.

(identifying positive

and negative
influences)

(Bootzin &
Stevens, 2005;
Cainetal., 2011,
Moseley &
Gradisar, 2009)

Note. The activity included in Table 1. correspamnypio each stage of change is one of several exasmplsingle activity may be

suitable for multiple stages of change. Furthermitre process by which one proceeds through tlgestaf change is fluid. Although

all participants included in the study report beimghe contemplation stage of change during theestng phase, they may revert

back to the precontemplation stage at a later itmtlee intervention.
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Figure 2. The sleep hygiene action plan activitpasthe MTSM study manual

I'_ -4 E‘

Description of the activity
The interventionist first describes various sleggiéne behaviours (using the agenda setting
diagram as a visual aid) and praises the adolescetiite negative sleep behaviours he/she
does not engage in. The interventionist then eragms the participant to choose a negative
sleep behaviour they might want to change. Lagiky nterventionist works with the
participant to createifthen” implementation intention statements, a concrete thlat will
help them attain their sleep hygiene behaviour ghan

I nterventionist script

| wanted to show you this chart because on thistcra things that we talk about
with teens who are thinking of going to bed earlfss you can see there’s cell phon
electronics, exercise, food, caffeine, bright lgyabhd more.

We use this chart to show people areas they mmiider, but decisions you make
yourself are much more likely to be the better oSestoday is about seeing where
you feel like starting.

[After the participant has chosen a sleep hygiei®thNow that you've chosen a
sleep hygiene habit to change, what are some gtpsan take to put your plan intg
action?

D
v
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Chapter 4
Results from the Motivating Teens to Sleep MoregPam: A Pilot Randomized Controlled Trial

Cassoff, J., Knduper, B. Rushani, F., & Gruber, R. A pilot randzed controlled trial evaluating
a stage-based and tailored motivational intervartoadvance bedtime in adolescents.
Submitted tdSleep Medicine.
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Abstract

Objective: To evaluate the effectiveness of the Motivatingnke® Sleep More (MTSM)
program in comparison to a sleep education coptajram in increasing adolescent motivation
to go to bed earlier and improving adolescent waghgedtime and sleep duration.

PatientsM ethods: A pilot randomized controlled trial compared the &M program with a
sleep education control program. Participants \#@radolescentél1 males, mean age = 14.27)
high school students (grade 7-11) recruited froghtsichools and community settings in
Montreal. The MTSM program was delivered one-on;doean hour a week for four
consecutive weeks. The program included a motimatimterviewing style and stage-based and
tailored activities to promote earlier bedtime lsher the transtheoretical model of change.
Bedtime, wake time and sleep duration were meastrpce-, mid- and post- program using
sleep logs, and at 6 months follow-up with an anlijuestionnaire. Actigraphy data were
collected for a week pre- and post-interventiontivagional variables (positive attitudes
towards sleep, sleep-related self-efficacy, andiness to go to bed earlier) were assessed with
online questionnaires.

Results: Groups did not differ in sleep and motivation vahles at baseline. Following the
intervention, the experimental group demonstratedtgr improvements in self-reported
bedtime, sleep duration, and self-efficacy compé#oetie control group, which were not
maintained at the 6-months follow-up. Although bgtbhups improved in readiness to change,
more MTSM participants reached the action stageéhahge. Positive attitudes towards sleep did
not increase in either group.

Conclusions: This motivational sleep promotion program was dffecin motivating
adolescents to go to bed earlier in the short t€urture programs should aim to address how to
sustain behavioural change and investigate motiratimediators of intervention efficacy.

Keywords. motivational interviewing, adolescent sleep, tatbmtervention, sleep promotion
program, adolescent bedtime

Trial registration: ISRCTN19425350.
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I ntroduction

Adolescent sleep deprivation is a growing concerioday’s society (NSF, 2006, 2011;
Roberts et al., 2010). Although it is recommended &dolescents obtain approximately nine
hours of sleep per night, sleep polls indicate thatmajority are not obtaining this recommend
amount (NSF, 2006). Moreover, 70% of adolescer@®htaining less than 8.5 hours of sleep on
weekdays and are considered sleep restricted (Gitsal., 2006). While 81% of adolescents are
adopting bedtimes later than 10:00PM on a schapitr{(NSF, 2011), many of them must wake
up for school each morning at an hour (on avera@®AM; Boergers, 2015) that terminates
their sleep prematurely (Carskadon, 2011; Olds,évaBlunden, & Matricciani, 2010) in order
to arrive at school on time (on average, earliant®:00AM; Boergers, 2015). Thus, one of the
primary factors impeding adolescents from obtairgafficient sleep on the weekdays are their
late bedtimes (Cassoff, Rushani, Gruber, & Knaup@t4). Indeed, evidence indicates that
reversing late bedtimes has been effective in pgtg sleep duration in adolescence (Dewald-
Kaufmann et al., 2013). Adolescents adopt lateitredt due to psychosocial factors including
social life, technology use and homework (SamBdimden, & Banks, 2013) as well as
physiological processes, such as delayed circatlighm (Carskadon et al., 1997) and slower
accumulation of homeostatic pressure (Jenni, Acaermé& Carskadon, 2005). Late bedtimes
lead to insufficient sleep duration, which is asatedl with a myriad of negative daytime
consequences (Beebe, 2011) such as poor academacymnce (Gruber et al., 2010), worsened
mood, poor emotional regulation (Baum et al., 20&4y an increased risk of accidental injury
(Beebe, 2011). Thus, interventions are neededaim@te earlier in order to elongate sleep
duration in adolescents.

Existing sleep promotion programs for adolescergften administered in the form of
sleep education sessions to high school studemtgl@mssroom setting and have been found to be
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effective in enhancing adolescents’ knowledge abtagp (Bakot et al., 2009; Beijamini &
Louzada, 2012; Cain et al., 2011; Cortesi et 8042 Moseley & Gradisar, 2009; Vollmer et al.,
2014). Not all studies evaluating sleep educatimgm@mms assess the impact on behavioural
sleep outcomes (Bakotet al., 2009; Cortesi et al., 2004). Studies #Hsaess sleep behaviour
change find that adolescents improve their knowdealgput sleep, which unfortunately does not
translate to earlier bedtimes (Beijamini & Louza@@l12; Cain et al., 2011; Moseley & Gradisar,
2009; Vollmer et al., 2014). One sleep educatiamg@m resulted in decreased sleep irregularity
and sleep onset latency, this study, however, dicemploy a control group to discern whether it
was the sleep intervention that actively causedlep improvements (De Sousa et al., 2007). A
recent study evaluating a sleep education foundaith@lescents increased sleep duration by 10
minutes (by delaying wake up time) but improvemewdse not sustained at the follow-up
assessment (18 weeks following baseline; Gabmelid., 2015). A study that assessed
qualitative feedback from adolescents to gain ustdading about theguggestions for future
improvements to adolescent sleep education progcanduded that adolescents are not
motivated to change their sleep patterns (Mosel&yré&disar, 2009). Specifically, adolescents
may not be motivated to go to bed earlier becaus®dehaviour change implies less time for
leisure, extracurricular activities, communicatuwigh friends, etc. (Cassoff et al., 2013) This
lack of motivation is increasingly believed to agnofor the inefficacy of current programs in
changing adolescents’ bedtime. Thus, it is possitdethe majority of existing adolescents sleep
promotion programs have been unsuccessful in @ffpstustained sleep behavioural changes
(e.g. earlier bedtimes) due to a focus on primatdycating adolescents about sleep, rather than
also offering motivation enhancement with regarddopting earlier bedtimes. (Cassoff et al.,

2013; Gold & Dahl, 2010)
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A recent sleep promotion program developed by @athcolleagues (Cain et al., 2011) used
motivational strategies (e.g. decisional balan@r@&@ses, role playing, relapse prevention) with
the goal of translating enhanced sleep knowledgesustained sleep behavioural changes.
Although adolescents demonstrated increased slempl&dge and motivation to obtain more
sleep and develop more consistent sleep schedleprogram did not lead to longer sleep
duration.

Interventions, therefore, are needed to enhanceratioh that adequately captures the
barriers that prevent adolescents from going todzetier (Cassoff et al., 2013; Gold & Dahl,
2010). A recent review (Blunden, Chapman, & Rigri#§12) suggested that specific
motivational elements to be targeted more in fuagdelescent sleep promotion programs include
attitudes towards sleep and sleep-related selfaaf§i. These recommendations are congruent
with those of other researchers who suggest taftfinient sleep-related self-efficacy is a
primary reason why adolescents are unmotivatedapteearlier bedtimes (Cain et al., 2011). It
has also been suggested to assess adolescenttront{aad thereby be able to tailor an
intervention to the individual’s motivational ley¢hrough their readiness to make a positive
sleep-related behaviour change (Blunden et al2R03imilarly, Gold and Dahl (2010)
suggested that future programs should addresssadoles in a way that is congruent with their
developmental characteristics, such as their desipe independent and their tendency to
disapprove authoritative relationships. Conseqyentt developed the Motivating Teens to
Sleep More (MTSM) program, which aims to fill thaps of previous adolescent sleep
interventions, namely enhancing motivation (i.@twades, self-efficacy and readiness to change)

in order to drive earlier bedtime and longer sldemtion in normally developing adolescents.
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The Current Study

The MTSM program aims to enhance motivation by ipocating three main active
ingredients, namely a motivational interviewing {Mtyle, a stage-based intervention approach
and a tailored intervention approach (Cassoff.etall4). Ml is a non-confrontational
counselling style that aims to enhance motivatamrbehaviour change (Rollnick & Miller,
1995). MI has been successful in the context ofthéehaviours and has been recommended for
use with adolescent sleep (Gold & Dahl, 2010). &tagsed interventions, are grounded on the
transtheoretical model of change (TTM; ProchasRéedicer, 1997) and deliver stage-tailored
content that is aimed at promoting movement thrabglstages of change (precontemplation,
contemplation, preparation, action, and maintenar8taged-based health interventions have
been found to increase decisional balance (Fremtinl& Bansal, 2003; i.e. positive attitudes
towards the behaviour), self-efficacy (Frenn et2003; i.e. perceived competence in making the
behaviour change), and the health behaviour i(Betichaska & Prochaska, 2010). Thus, stage-
based interventions offer differential strategiepehding on the current stage of change, also
known as readiness to change, in order to eli@gesprogression and enhance positive attitudes
and self-efficacy related to the target behaviout the target behaviour itself. Tailored
interventions enhance the efficacy for behavioangje through incorporating personalized
activities characteristic to the individual, suchtleir self-identified values and health
knowledge (Kreuter et al., 2003; Noar et al., 20&Ee Cassoff et al. (2014) for a detailed
description of the theoretical rationale of the MW §rogram.

The objective of the current study was to complaeeetfectiveness of the one-on-one
MTSM program with a one-on-one sleep education faimgon improvements in weekday

bedtime, sleep duration, self-efficacy relateddeaacing bedtime, positive attitudes towards
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sleep, and readiness to go to bed earlier. An@asteep education control group was used to
parse the beneficial effect of the one-on-one d@sgiegbe intervention from the beneficial effect
of the active ingredients of the intervention (s&ge-based, tailored sleep education, and Ml
style). It was hypothesized that participants abie the one-on-one MTSM program will
demonstrate more positive changes in the sleepraxidational outcomes, than participants
obtaining the one-on-one sleep education program.

Methods

Participants

Participants were 22 (11 males, mean age = 14igk)school students (grade 7-11) recruited
primarily from private high schools in the Montreaka. Other recruitment venues included
advertisements in community settings (e.qg., re@meatenters, grocery stores). Adolescents who
participated in the pre-intervention study of tlésearch program were not eligible to participate
in the current study. Inclusion criteria includeghorting less than ideal sleep duration (i.e.,
having approximately 9 hours or less of sleep sol®ol night) and reporting being within the
contemplation stage of change (i.e., those wheamsidering changing their bedtime within the
next six months but are not currently taking stepdo so). The exclusion criteria included any
sleep, medical and/or mental condition that magrfete with sleep. The screening procedure
for medical/mental health conditions consistedafihg parents indicate whether their child has
been suffering from any of the following medicalfmed health conditions within the past twelve
months. If they indicated “yes” to asthma attaeksj/or skin condition, and/or Attention Deficit
Disorder (ADD), and/or Attention Deficit and Hypetaity Disorder (ADHD), and/or conduct
disorder, and/or anxiety disorder, and/or depresdfeeir child was ineligible to participate in
the study. The screening procedure for sleep dessrcbnsisted of having the parent and child
together complete the Sleep Disorder Inventoryoitdren (SDIS-A). A child was excluded if
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he/she obtained a total score of 104 or higherifiugehl, Bradley-Klug, Ferron, Anderson, &
Benbadis, 2008), indicating potential sleep dismdiecluding obstructive sleep apnea, periodic
limb movement disorder, delayed phase sleep disoedeessive daytime sleepiness, and
narcolepsy. A total of 48 participants were inltiadcreened and 17 were excluded based on
selection criteria. Ethics approval was obtainedhgyMcGill Research Ethics Board. See Figure
1 for a CONSORT diagram describing the study flow.
Design

The study was a parallel-group randomized contiall (trial registry # ISRCTN19425350) in
which the experimental group obtained the one-omiditSM program and the control group
obtained one-on-one sleep education. Weekday bedsiieep duration, readiness to advance
bedtime, positive attitudes towards sleep and stelgped self-efficacy were determined at four
time points (pre, mid and post program, and atsmths follow-up). Assuming an effect size of
0.25, (Treasure, 2004) the required number of @pents was calculated for a power level of
.80 and an alpha level of .05. Given the betwedh#wisubject design with variables measured
at pre, mid, post and 6-months follow-up, powernyses revealed that a sample size of 24
adolescents would be required. In order to acctourd potential drop-out rate of 20%,
approximately 30 participants were targeted forugment. In order to determine whether sleep
data collected through survey measures were vkdpresent study compared actigraphy and
self-reported survey data before and after thevetgion to determine whether the two
measures provided similar results. Actigraphy aeda not used as the primary sleep outcome
because the study was underpowered (i.e., powek3} t detect significant differences.
Conversely, using the sleep data from the sleep pogvided sufficient power (i.e., 0.6-0.8)

because the 22 participants completed an additasssEssment (i.e. mid-intervention), thus
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resulting in four within-subject time points indi®f only two for the actigraphy data. In the
original protocol, there was a three month folloprassessment. However, this assessment fell
during the summer school vacation months for thpntg of participants and therefore was not
included in the current analyses as per the cufoents on school night bedtime and sleep
duration.
Procedure

See Cassoff et al. (2014) for a detailed desonptif study procedures. All contact with the
potential participants prior to enroliment was cocteéd by research assistants who did not
deliver the program. Following parental consent ser@éening assessments, eligible participants
were contacted and provided with information regagdhe study’s location (at either the
participant’s home or in a classroom at his/hepsbthduration (1 hour per week) and number
of sessions (four sessions total), to schedule tingi session, and to complete online baseline
guestionnaires (e.g. personal values, sleep kn@e)eat their own convenience. These measures
were used to tailor the activities within the sessi Prior to beginning the baseline
guestionnaires, participants were presented withsaent text, which included information
regarding the study written at a reading and cohmgmsion level suited for individuals aged 12,
and were asked to give their informed assent arekagent to participate in the study. Each
participant was randomly assigned to either the M$Fogram (group A) or sleep education
(group B) sessions. A secure randomization sefweav. randomization.com) was used to
create the randomization sequence, which was asbigni:1 ratio for group A and B and
generated by a research assistant who did notedeéhe program. Participants were blind to the

condition to which they were assigned.
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Students met with the interventionist at their stlay home (one week before the start of
the sessions) and were provided with an actiwatchsgeep log instructions for using it for
seven nights in a row. The same procedure wascegetl for a week following the program. All
sessions were one hour in duration and took place a week either at the child’s school or
home for four consecutive weeks. Following prog@mpletion, participants were
compensated with a $15 gift certificate to a lonalvie theatre. Interventionists were two
graduate students in psychology who each delivitredleep education program and the MTSM
program with half of the participants in the cohttod experimental groups. The interventionists
completed a standardized two-day training sessmthe study procedures, the MTSM program,
and the sleep education program. One of the intéiv@st also had over 20 hours of clinical
training by the Motivational Interviewing Networkdiners and subsequently trained the other
interventionist in MI. Two research assistantsligtd to audio-recordings of the sessions and
completed fidelity assessments throughout the eoofrthe study in order to ensure reliability of
the interventionists in delivering the study pratbd he fidelity assessment was developed for
the current study and includes a section of thelMtbnal Interviewing Treatment Integrity
Code (Moyers et al., 2010). Study recruitment atldi-up assessment took place between
November 2012 and January 2015. Recruitment entiet the desired sample size was
reached.

One-on-One Sleep Education (Control Condition)

Participants in the control condition obtained fone-on-one sleep education sessions. The
sleep education sessions included topics suchesp‘s general,” “teenagers and sleep,” “sleep
disorders,” and “sleep hygiene.” The interventibaisswered content-related questions but did

not provide any motivational strategies delivemrethie experimental condition.
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One-on-One MTSM Program with Embedded Sleep education (Experimental Condition)

Please refer to Cassoff et al. (Cassoff et al.4p@dr an additional description of the MTSM
program. The MTSM program employed a stage-baspbaph such that the interventionist
chose activities to conduct in the session thaewengruent with the participants’ current
readiness to advance bedtime. For example, if éingcgant was in the contemplation stage,
knowledge provision was conducted while if the ggrant was in the action stage, goal setting
exercises were conducted. Each activity was fuipkesonalized according to the unique
characteristics of the participants. For exampdetigipants were provided with sleep education
in a way that was tailored to what they currentty @hd did not know in lieu of a ‘one size fits
all’ approach as in the control condition. Finatlye interventionists delivered the sessions in a
Ml style. A MI style consisted of expressing empatbwards the adolescent related to their
sleep behaviour change, encouraging the adolegcantonomously decide to go to bed earlier
rather than imposing a set bedtime, rolling witsiseance related to adopting earlier bedtimes,
and helping the adolescent realize that theradisaepancy between their current late bedtime
and their life goals and values. A primary focuswguide the participant in realizing that their
current late bedtime is incongruent with their pai life values (e.g. athletic performance,
academic success, interpersonal relationshipLatgsoff et al., 2014).
M easur es

The measures and data reported herein are pataofer study that also included secondary
variables of interest such as social influencessaa action, and sleep hygiene. These variables
are not directly related to the impact of the MT8itervention on bedtime advancement and
therefore are not included in the current paperciwfocuses on the primary variables of

interest. All materials are available from the aughupon request. Sleep variables were assessed
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at baseline, mid-intervention, post-interventiod anfollow-up. All other outcomes were
assessed at baseline, following each of the fasises and at follow-up.
School night bedtime and sleep duration.

Sleep logsBedtime and sleep duration were assessed throulgtstigep logs for a week
before, during, and after the intervention. Slee@tlon was calculated by measuring the time
duration in between bedtime and wake time as itekcen the sleep log.

Actigraphy.In order to validate the entries in the sleep |e@gsigraphy was conducted for
a week prior to and following the intervention. &caphy is a method used to measure sleep-
wake patterns through body movement (Short, Gradisek, Wright, & Carskadon, 2012) by
recording data from accelerometers several timesgmond. It uses a small device usually
attached to the wrist of the participant’s non-daanit hand. Actigraphy has been well-validated
against polysomnography with in pediatric populagi¢Johnson et al., 2007).

Self-ReportA 1-item self-reported assessment of sleep duraim bedtime on the
weekdays was completed six months following therirgntion to assess long-term behaviour
change.

Readinessto goto bed earlier. A readiness ruler (LaBrie et al., 2005) adaptesleep
was completed such that participants indicated d@-point ruler how they presently feel about
going to bed earlier. Anchors included “Never khabout my bedtime,” Sometimes | think
about advancing my bedtime,” “I have decided tosabe my bedtime,” “I am already trying to
advance my bedtime,” “My bedtime has changed, | gowo sleep earlier.” The readiness ruler
has shown good criterion validity with adolesceeit-seported behaviour in the areas of
marijuana use and alcohol consumption (Maisto.ef@ll1). The readiness to change

guestionnaire (RTCQ); Rollnick et al., 1992) was adstered before and after the intervention
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to assess participants’ discrete stage of chanmgeoRtemplation, contemplation, and action
were each represented by four items measured groambscale (-2 strongly disagre¢o +2 =
strongly agreg The highest sum of responses on each scaleseyisgl the current stage of
change.

Sleep-related self-efficacy. Sleep-specific self-efficacy was measured withdlleep
self-efficacy questionnaire (Watts et al., 1995)ified to assess control over putting oneself
into bed. Sample items include “How much do you fieat you have the ability to go into your
bed at an earlier hour?” and “How much do you fkat the time it takes to go into your bed is
under your control?” rated on a 4-point scale. Rasps (1 =ot at all to4 =to a great extent
of the 4-item questionnaire were modified to fittwihe question stem. This scale demonstrated
good internal reliability (Chronbach’s alpha = 0.88the current study.

Attitudestowards sleep. A decisional balance instrument was used to asggtsles
towards sleep. The questionnaire was developetthi®study based on the work of Orzech
(2013), Noland, Price, Dake, & Telljohann (2009)dd&awlak & Colby (2009), and it consists
of twenty-two items: twelve items about the prod #re rest about the cons of going to bed
earlier. Positive attitudes towards sleep were adripas the difference between the
standardized “pros” scores and the standardizeds™cscores. A score of zero would imply an
equal amount of pros and cons, while higher scones/ more pros than cons (i.e. more positive
attitude). In the current sample, the pros and soibscales had good (Chronbach’s alpha = 0.92)
and adequate (Chronbach’s alpha = 0.75) intertiabrkty respectively.

Statistical Analyses
Data analyses were conducted using the Statifimeiage for the Social Sciences (SPSS

v. 20, SPSS Inc, Chicago, USA). For the sleep abesg only weeknights (including Sunday
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night but not Friday night) were considered. Far pisychological variables, the mid-
intervention time point was calculated as the nteaponses following session 2 (before session
3). Unpaired-samples t-tests were used to asskssedces between the experimental and
control groups at baseline. For the sleep variablsgries of two-way repeated measures
analysis of covariance (ANCOVA) with age and gerakecovariates were conducted with time
(pre-intervention vs. mid-intervention vs. posteirMention) as the within-subjects factor and
group (experimental vs. control condition) as theneen-subjects factor. Age and gender were
entered as covariates as they have been foundotacirsleep timing in adolescent populations.

For the motivational variables, a series of two-weyeated measures analysis of
covariance (ANCOVA) with age and gender as covesiatere conducted with time (pre-
intervention vs. mid-intervention vs. post-intertien vs. 6-month follow-up) as the within-
subjects factor and group (experimental vs. comnoldition) as the between-subjects factor.
Prior to analyses, data were examined for missaiges, normality, and outliers. Please see
Figure 1 for a CONSORT diagram describing dataiedex from analysis.

At the six months assessment, two questions wergleted in lieu of sleep logs for
bedtime and sleep duration. Therefore, betweenpgpNICOVAS were conducted to assess
differences between groups six-month post intergantn both analyses the independent
variable was group while the dependent variabletivasleep variable (i.e. sleep duration or
bedtime) and the covariate was the baseline assessiithe sleep variable. The assumptions
for all ANCOVAs were met such that the homogeneitthe regression effect was evident for
the covariate, and the covariate was linearly eeléab the dependent measure.

Effect sizes for the analyzed variables (i.e., ie€lt sleep duration, readiness to change

and self-efficacy) between and within groups ahdane point were calculated by computing
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standardized differences in means using ComprebehMeta-Analysis, Version 2.2.057 CMA,;
(Borenstein, Hedges, Higgins, & Rothstein, 2005)dkionally, mean effect sizes for both
within-group and between-group analyses at diffetieme points (i.e., Mid, Post, and 6-months
follow-up) were calculated by pooling effect sizdsall analysed variables using a random effect
model rather than a fixed model in order to accdonthe variability between the different
measures. For both groups, we calculated Hedgéts 95% confidence interval (95% CI), and
the associatedandp values (Hedges, 1981). Effect sizes were integgratcording to Cohen’s
criteria of 0.2 for a small effect, 0.5 for a maater effect, and 0.8 for a large effect (Cohen,
1977).

Results

Table 1 presents the Pearson correlations betwatigmagohy and survey data for the
sleep variables. All variables measured througlyeegihy were significantly correlated to their
respective variables assessed in the survey.

Pre-Intervention Measures

Refer to Table 2 for means and standard deviatbskep and motivational variables in
the control and experimental groups at baselinesijioificant differences were found between
the experimental and control group on all varialfédisp > 0.05).

Evaluation of the MTSM Program vs. Sleep Education on Sleegp Outcomes

As expected due to consistent school start tima®tivere no statistically significant
differences in wake time on weekdays between driwieither group at all three time points.
While controlling for age and gender, a two-waye@ed measures ANCOVA revealed a
significant time by group interactiok(2, 36) = 3.61p = .037) for bedtime (please see Figure
2a). Post-hoc analyses (pairwise comparisons) ked¢laat immediately post-intervention, the
experimental group reported a significanfifX,18) = 8.01p = .011, Cohen’sl = 1.42) earlier
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bedtime (10:30 PM) than the control group (11:16) PMirther, the experimental group reported
a significantly p = .028, Cohen’sl = 0.71)) earlier bedtime at post intervention 80BRM), as
compared to pre intervention (11:00PM). In contrdet control group’s bedtime did not change
over the course of the intervention. Further, tiveeee no significant changes in either group
from pre to mid intervention or mid to post intemtien. Pertaining to the six months post
intervention assessment, a between-group ANCOVAveldaho difference between the two
groups when controlling for bedtime (assessed wnifine questionnaires) at baseline.

When controlling for age and gender, a signifidane by group interactiok(2, 36) =
3.46,p = .042) for sleep duration was found (please seer€igh). Within-group pairwise
comparisonsK(2,17) = 4.12p = .035) indicated that participants in the experiraegtoup
reported significantly longer sleep duration at mmigrvention (8.84 hourg = .019, Cohen’s
= 0.58) and post intervention (9.10 hoyrs; .022, Cohen’sl = 0.91), as compared to pre
intervention (8.28 hours). The control group, hoareveported no improvement in sleep
duration at any time point. Further, there weresigmificant changes within either group from
mid to post intervention or between groups at amg fpoint. Similar to bedtime, at six months
post intervention, there was a non-significantedéhce between groups in sleep duration
(assessed with the online questionnaires) afteraiting for sleep duration at baseline.
Evaluation of the MTSM Program vs. Sleep Education on M otivational Outcomes

A two-way repeated measures ANCOVA,controllingdge and gender, revealed a
significant main effect of time for readiness totgdoed earlier on a school nig(8, 54) =
3.43 ,p =.023) . Pairwise comparisons(8,16) = 22.83p = .00) showed an advancement of
stage of change from pre to mid progran=(.003, Experimental group Cohenis 1.34

Control group Cohen’d = 0.79) and pre to post program= .00,Experimental group Cohen’s
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d = 1.93 Control group Cohen’d =1.46) in both groups. At the 6-months assessment,
participants reverted to an earlier stage of chawbech remained improved compared to pre
intervention p =.032). A Mann-Whitney test was conducted to deteemvhether stage of
change at the post intervention assessment wasafhtfbetween groups as per the discrete stage
distribution assessed by the RTCQ (Rollnick etl#8192). Analysis revealed that stage of change
was statistically significantly higher in the exjpeental group as compared to the control group
(U=27.5p=.012). Specifically, at the post program assessn¥3% of experimental
participants reached the action stage of changkewhly 18% of control group participants
advanced to this stage.

Additionally, there was a significant time by gromperactionF(3, 16) = 3.71p = .034,
an = .41, for sleep-related self-efficacy while catiing for age and gender. While the
experimental group reported increased self-effitayid interventiong = .007, Cohen’s
=1.07) and post interventiop € .001, Cohen’sl =1.45) as compared to pre intervention
(F(3,16) = 5.59p =.008), the control group did not increase at amgtpoint. At the six month
time point, the experimental group reverted bacgi¢ep self-efficacy levels comparable to
baseliney =.023).

There were no statistically significant increasepasitive attitudes towards sleep
between or within groups at any time.
Pooled Effect Size

Mean effect-size estimates suggested large eféeqest treatment for the MTSM group
(Hedge’sg = 1.15; 95% CI [.20, 2.11p < .05). Between-group analyses suggested that MTSM

program was largely more effective than the slekpation program at post treatment (Hedge’s
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g=1.20; 95% CI [.32, 2.08p < .01). Analyses at mid treatment and at 6-mofdtew-up for
both within and between groups were not statidticagnificant.

Discussion

The present study was the first to use a one-orMinetervention to advance bedtime in
normally developing adolescents. Unlike previodusmentions (Cain et al., 2011; Moseley &
Gradisar, 2009), the MTSM program was tailorechtormotivational readiness and personal
values of each adolescent in order to maximallygase motivation. In line with recent
evidence, it was hypothesized that a motivatioru$ed intervention as compared to a sleep
education only intervention would to lead to sustdiearlier bedtimes in this population (Cain
et al., 2011, Cassoff et al., 2013; Gold & Dahl1@D Results revealed that experimental
participants did adopt earlier bedtimes and lostgep duration on school nights. Further, given
that wake times did not change, it is likely tHag tonger sleep duration was due to earlier
bedtimes. Following the program, participants ia é&xperimental group reported obtaining on
average 9.1 hours of sleep a night, which is tkalidmount of sleep recommended for this age
group (NSF, 2006). In fact, the large effect siaethe current study with an active control group
in comparison to the medium effect sizes foundtireomotivational sleep studies using passive
control groups (Cain et al., 2011; Moseley & Gradi2009) further demonstrates the efficacy
of the MTSM program. The effectiveness of the MT8Mgram is consistent with a recent
meta-analysis concluding that MI can be succességplied to improve a wide range of
adolescent health behaviours. (Cushing, JenseterMil Leffingwell, 2014) However, in the
current study, the group differences in bedtimeewt sustained at the six months follow-up
assessment. The inability to sustain earlier bestimm consistent with findings from a previous
motivational sleep promotion study (Moseley & Graali 2009) offered to classrooms of
students in which a reduced discrepancy betweekemeeand weekday out of bed times
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disappeared at the follow-up assessment. Offehagleep promotion program to adolescents
on a one-to-one basis, as in the current studygtisufficient to maintain sleep behaviour
changes.

In addition to driving earlier bedtimes and longkrep duration, the MTSM program was
effective in enhancing motivational variables cstemt with the TTM, namely, sleep-related
self-efficacy and stage of change (i.e. readineg®tto bed earlier). Increases in self-efficacy
and progression through the stages of change aststent with other successful stage-based
interventions for adolescent health behaviours ssscémoking (Erol & Erdogan, 2008), dieting
(Frenn et al., 2003) and healthy eating (Di NoighiBke, Prochaska, & Contento, 2006).
Inconsistent with previous research indicatingithportance of fostering positive attitudes
towards sleep in order to motivate earlier bedti(@n et al., 2011), positive attitudes towards
sleep were not improved following the MTSM prograrhe current study employed a
decisional balance measure (i.e. pros to go tcebéder minus cons to go to bed earlier) to
assess positive attitudes towards adopting edndidtime. Thus, it is possible that adolescents
did adopt more positive attitudes towards sleeghmitttheir negative attitudes negated the
improvements. This is consistent with previous aede (Cassoff et al., 2013; Gold & Dahl,
2010) describing adolescents’ high ambivalence wagfards to making earlier bedtimes a
priority in their lives.

Surprisingly, in the current study, participamghe control group also improved in their
readiness to go to bed earlier (albeit way feweghei reached the action stage). This is
inconsistent with previous research suggestingslea&ip education is not sufficient to drive
motivational change (Blunden et al., 2012). ltasgble that the one-on-one interaction with the

interventionist during the sleep education sessamgmged the participant more so than previous
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sleep education programs delivered to classroomtudent (Cain, 2012) thus resulting in
increased motivation. Importantly, significantly ragarticipants in the experimental group
compared to the control group reported being irettteon stage of change following the
program, which indicated that they were activeyynig to go to bed earlier. Indeed, reaching the
action stage of change is also associated witreadehts adopting other health behaviours
including healthy eating (Frenn et al., 2003), ptaisactivity (De Bourdeaudhuij et al., 2005)
and consistent teeth brushing (Ayasuf, Reddy, & Van Den Borne, 2009).

Given that only participants in the experimentalup reported earlier bedtime and longer
sleep duration following the program, it can beernéd that there was an active ingredient
unique to the MTSM program driving the behaviouamtpe. Further, given that sleep-related
self-efficacy increased in only the experimentalugr and that significantly more participants in
the experimental group reached the action stagbarige, it is likely that increases in
motivation (i.e. self-efficacy, readiness to chagndgcilitated the behaviour change.

In addition to motivational strategies, the MTSkbgram offered individualized action
planning such as implementation intentions (i-¢hé&n plans that link situational cues with
behavioural responses (Gollwitzer, 1999) in orddiatilitate the behaviour change once
motivation was elicited. Thus, it may be possiblattaction planning was instrumental in
translating participants’ motivational readined® inehavioural change. This is supported by Ml
research indicating that once motivation is elditection planning is an integral next step to
translate the enhanced motivation into behavioangk (Resnicow & McMaster, 2012). Future
research should investigate the active role obagtianning in combination with motivational

strategies in driving earlier bedtimes in adolessen
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Given that participants who obtained the MTSM paogrdid not maintain earlier
bedtimes and self-efficacy improvements after sonths, they may have benefitted from
‘booster’ sessions (Luszczynska & Haynes, 20099Wohg the completion of the MTSM
program. At the six months assessment, adolesdenteased in their readiness to change to a
level that remained significantly higher than bamelsuggesting that their motivational
readiness persisted but to a lesser degree airiggdrm follow-up. Therefore, it is possible that
‘booster’ sessions including implementation intens and self-efficacy strategies in
combination with their relatively sustained improwents in readiness to change may prevent
them from reverting back to their late bedtimes ansure that they remain in the action stage of
change. Indeed, booster implementation intenti@ve lbeen effective in maintaining increases
in fruit and vegetable consumption over six morfbisapman & Armitage, 2010). Future
research should consider providing adolescentswdtivational and goal setting strategies even
after the sleep intervention is complete as a wayaintain initial sleep behaviour changes.

This study had several limitations. First, partis did not complete weekly sleep logs
at the six months assessment and therefore tlnfolp data could not be included in the main
repeated measures analyses. Second, actigraphwela&taollected at only two time points
(before and after the intervention) and therefoeeennot the primary outcome in the current
study due to insufficient power to detect significdifferences. Despite this limitation, a
strength of this study was the use of adolescéhteggorted sleep timing, which has been
recommended in lieu of parent estimates of adotgsieep patterns (Short et al., 2013). Future
longitudinal research should assess both subje@tereveekly sleep logs) and objective (i.e.
Actigraphy) sleep outcome measures at each tinre.pthird, the majority of the sample was

recruited from private high schools in the Montragda and would be characterized as only
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borderline sleep restricted (i.e. between 8 and@sof sleep) according to the National Sleep
Foundation (2006). Future research should alsaat@athe effectiveness of one-on-one
motivational sleep intervention for adolescents wtgplay more severe sleep restriction (i.e. <8
hours) on school nights. Finally, future studiesidtl investigate the mechanisms of action in
motivational sleep promotion studies for normalkweloping adolescents by constructing
studies that are powered to detect the motivatioreiators of sleep behaviour change. Despite
these limitations, the MTSM program was found tddvgely more effective than the sleep
education program at post intervention.
Conclusion

The current study provided initial evidence tha MiTSM program was more effective
than standard sleep education in motivating adeldsdo adopt earlier bedtimes, thereby
leading to longer sleep duration. Further, thevaamgredients of the MTSM program —
motivational interviewing, tailoring, and stage-bdsctivities have shown to lead participants to
adopt higher self-efficacy to go to bed earliemadl as reach the “action” stage of change. The
results of this pilot study suggest that offerindividualized and motivational sleep promotion

interventions may be an effective approach to ptargdealthy sleep in adolescents.
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Table 1

Means and Standard Deviations for Key Sleep Vagmbihd Pearson Correlations Between

Actigraphy and Sleep Logs at Pre and Post Interearfor all participants

Pre Post

Actigraphy  Self-report  Correlation  Actigraphy  Self-report Correlation

BedtimeM (SD) 11:18 (0:42) 11:01 (0:46) .96** 11:18 (0:41) 19:M8:45) .56**
Wake TimeM (SD) 7:14 (0:55) 7:23 (0:59) 99** 7:13 (0:39) 7:323) 67**
Sleep DurationM (SD) 7.36 (0.90) 8.39 (1.03) A48* 7.78 (0.65) 8(a(r6) 59**

Note* p<.05; ** p< .01; The data above represents actigraphy afdegalrt data for all
participants l = 22) on weekdays in which the participant empibtfee Actiwatch; Self-
reported sleep duration was calculated as a fumctidoedtime and wake time. Bedtime was
calculated as per the time the participant fekagl(i.e. sleep onset) in the actigraphy analysis.
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Table 1

Means and Standard DeviationsBedtime, Sleep Duration, Readiness to Go toteter,
Sleep-Related Self-Efficacy and Attitudes and Aagpigy Variables in the Experimental and
Control Conditions from Time 1 (Pre-Interventiomjme 2 (Mid-Intervention), Time 3 (Post-

Intervention) and Time 4 (Six Months Follow-Up).

Control Experimental

Timel Time2 Time3 Time4d4 Timel Time2 Time3 imE4

Readiness to change 5.09 6.82 7.91 7.27 5.09 7.57 8.91 7.27
(2.43) (2.37) (1.22) (2.41) (2.34) (2.20) (1.14) (2.74)
Self-efficacy 2.31 2.55 2.36 2.50 2.00 2.62 2.77 2.14
(0.50) (0.53) (0.58) (0.77) (0.59) (0.57) (0.47) (0.94)
Positive Attitudes 0.05 041 2.71 2.21 0.003 -0.19 2.49 2.27
(1.47) (2.79) (0.98) (0.58) (1.02) (0.69) (0.85) (0.74)
Bedtime 10:54 11:06 11:16 10:58 11:00 11:00 10:30 11:58
(0:49) (0:35) (0:35) (0:38) (0:45) (2:05) (0:38) (0:48)
Wake time 7:09 7:11 7:25 N/A 6:51 7:24 7:11 N/A
(0:31) (0:33) (0:36) NI/A (0:27) (2:22) (0:30) N/A
Sleep Duration (hours) 8.73 8.60 8.48 7.52 8.28 8.84 9.10 7.48
(0.75) (0.64) (0.71) (0.43) (0.94) (0.98) (0.87) (1.02)
Actigraphy variables
Sleep onset 11:25 N/A 11:39 N/A 11:11 N/A 10:58 N/A
(0:48) N/A (0:36) N/A (0:35) N/A (0:36) N/A
Sleep offset 7:44  N/A 7:28 N/A 6:45 N/A 6:58 N/A
(1:02) N/A (0:45) N/A (0:26) N/A (0:27) N/A
Total sleep time 7.06 N/A 6.91 N/A 6.61 N/A 6.93 N/A

(1.25)  N/A (0.81) N/A (0.64) N/A (0.72) N/A

Note.Sleep duration and bedtime were assessed witigkestem question at the six months
follow-up in contrast to weekly sleep logs at thieen time points. Sleep onset = time the
participant fell asleep at night; sleep offsetmdithe participants woke up in the morning
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Figure Legends
Figure 1. CONSORT diagram indicating participaotflthroughout the study

Figure 2.Weekday bedtime (a) and sleep duration (b) in #peemental and control conditions
at Time 1 (Pre-intervention), Time 2 (Mid-interviemt) and Time 3 (Post-intervention)
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Figure 1.
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Figure 2.
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Note.Bedtime was assessed with weekly sleep logs at Mié-, and Post-intervention but with
a single self-reported item at six-months follow-Wiperefore, the six-month bedtime data were
not included in the repeated measures analystsedigures herein.
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7z

CONSORT 2010 checklist of information to include when reporting a randomised trial*

Item Reported
Section/Topic No Checklist item on page No
Title and abstract
la Identification as a randomised trial in the title Title Page
1b  Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts) Abstract
Introduction
Background and 2a  Scientific background and explanation of rationale Introduction
objectives 2b  Specific objectives or hypotheses p.6
Methods
Trial design 3a  Description of trial design (such as parallel, factorial) including allocation ratio p.8
3b  Important changes to methods after trial commencement (such as eligibility criteria), with reasons N/A
Participants 4a  Eligibility criteria for participants p.7
4b  Settings and locations where the data were collected p.7
Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they were p.9-10
actually administered
Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, including how and when they p.10-12
were assessed
6b  Any changes to trial outcomes after the trial commenced, with reasons p.8
Sample size 7a  How sample size was determined p.8
7b  When applicable, explanation of any interim analyses and stopping guidelines N/A
Randomisation:
Sequence 8a  Method used to generate the random allocation sequence p.9
generation 8b  Type of randomisation; details of any restriction (such as blocking and block size) p.9
Allocation 9 Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), p.9
concealment describing any steps taken to conceal the sequence until interventions were assigned
mechanism p.8-9
Implementation 10 Who generated the random allocation sequence, who enrolled participants, and who assigned participants to p.9

113




Blinding

Statistical methods

Results
Participant flow (a
diagram is strongly
recommended)
Recruitment

Baseline data
Numbers analysed

Outcomes and
estimation

Ancillary analyses

Harms

Discussion
Limitations
Generalisability
Interpretation

Other information
Registration
Protocol

Funding

1la

11b
12a
12b

13a

13b

1l4a

14b
15
16

17a

17b
18

19

20
21
22

23
24
25

interventions

If done, who was blinded after assignment to interventions (for example, participants, care providers, those
assessing outcomes) and how

If relevant, description of the similarity of interventions

Statistical methods used to compare groups for primary and secondary outcomes

Methods for additional analyses, such as subgroup analyses and adjusted analyses

For each group, the numbers of participants who were randomly assigned, received intended treatment, and
were analysed for the primary outcome

For each group, losses and exclusions after randomisation, together with reasons

Dates defining the periods of recruitment and follow-up

Why the trial ended or was stopped

A table showing baseline demographic and clinical characteristics for each group

For each group, number of participants (denominator) included in each analysis and whether the analysis was
by original assigned groups

For each primary and secondary outcome, results for each group, and the estimated effect size and its
precision (such as 95% confidence interval)

For binary outcomes, presentation of both absolute and relative effect sizes is recommended

Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing
pre-specified from exploratory

All important harms or unintended effects in each group (for specific guidance see CONSORT for harms)

Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses
Generalisability (external validity, applicability) of the trial findings
Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence

Registration number and name of trial registry
Where the full trial protocol can be accessed, if available
Sources of funding and other support (such as supply of drugs), role of funders

p.9

p.10

p.12-13

p.12-13

Figure 1

Figure 1

p.9

p.10

p.7 (in-text)

Figure 1

p.14-16

N/A

N/A

N/A

p.19

p.19

p.16-20

Abstract

p.6, 8, 10

Title page
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General Discussion

Through conducting a literature review and two &sidl investigated the question of
how adolescents can be motivated to go to bedeeaMly first publication outlines existing
sleep interventions aimed to promote healthy slegualolescents and concluded that current
programs are not effective in improving sleep bénav | hypothesized that this was because
they did not target the motivation of adolesceniisrather only focused on enhancing their sleep
knowledge. Only one intervention has attemptechteaace adolescent motivation and although
results were promising in terms of increasing natton levels, sleep behaviour change still did
not occur. The methodological limitation of this@dy was that the intervention tool,
motivational interviewingwas delivered simultaneously to a group of ad@ets rather than
individually. The theoretical limitation of the slyiwas that important elements of motivation
such as self-efficacy to make a sleep behavioungdaere not targeted and thus adolescents
did not develop sufficient motivation to transléteir knowledge about the importance of sleep
into behavioural improvements.

Given the scarcity of motivational sleep promotmograms for adolescents and the need
to develop effective programs that result in bebavchange, Study 1 aimed to identify
variables that can increase adolescent motivatiba.intention was to utilize the insights gained
from in Study 1 in order to develop an evidencesdedasleep intervention for Study 2.
Specifically, my plan was to identify significarénables in Study 1 and later assess and
manipulate these variables in a sleep interventi@away that enhances adolescent motivation
to sleep more and results in earlier bedtimes Stody 1, | derived sleep-related awareness and
motivation variables that should theoretically pceddolescent intention to go to bed earlier

according to the Integrated Change Model. | thealumted whether this model was valid in a
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sample of sleep deprived adolescents. This walrtetudy to apply a health behaviour
theoretical model in the context of adolescentsha®d to evaluate predictors of adolescent
intention to advance bedtime. Results from Studyicated that adolescents who perceived
cues to go to bed earlier and who had positiveudtts towards sleep expressed a greater
intention to go to bed earlier and that parentdtibge setting was associated with less intention
to go to bed earlier. Based on the results of Siydyconcluded that the intervention developed
for Study 2 should aim to enhance adolescents aatons motivation (as opposed to controlled
motivation) to adopt earlier bedtimes and offer svaywhich adolescents can independently
detect cues to go to bed earlier and develop pesitititudes regarding sleep. | created the
MTSMprogram, which aims to enhance adolescent awaramelssiotivation to adopt earlier
bedtimes as well as offer adolescents goal seticigniques in order for them to be well-
equipped to carry out the behaviour change. Thev&amngredients’ of the intervention included
engaging in a motivational interviewing style, erhing activities that seek to enhance
processes necessary for the participant to proginessgh the stages of change and tailoring the
activities to the participant’s relevant persorf@macteristics such as life values. Results from
the intervention study demonstrated thatNMESM program was more effective than sleep
education alone in advancing bedtime, elongatiagsturation and enhancing sleep-related
self-efficacy in the short but not long term. Ferthsignificantly more participants in the
experimental group compared to the control groaghied the action stage of change indicating
that they were currently attempting to go to bediera Additionally, we found large effect sizes
using an active control group in comparison tortteglium effect sizes found in other
motivational sleep studies using passive controligs further suggesting the effectiveness of

the program in enhancing motivation and improvilegg behaviour in the short term. Future
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research should investigate whether offering ba@sssions to solidify motivational readiness
and support goal setting result in sustained edydtimes and longer sleep duration even after
the program is completed. In addition to offerirapbter sessions, future research should attempt
to replicate this intervention through a channat ik able to target many adolescent
simultaneously (e.g. Internet) while still maimiaig the collaborative, engaging and supportive
relationship created by the one-on-one, directaintith an interventionist.

Together, the manuscripts in this dissertation Hauad that in addition to providing
sleep education, engaging the adolescents to adoptr bedtimes in a way that is
individualized and non-confrontational is needetbier the motivation to go to bed earlier.
Once motivation is elicited, goal setting stratsgibould be implemented that translate the
motivation into action in order to first enable aheén maintain the actual behaviour change (i.e.

earlier bedtimes).
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