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Abstract

Background: Sleep restriction is a prevalent issue for adolescents and has been associated with negative cognitive,
emotional, and physical health (e.g., poor attention, depressed mood, obesity). Existing sleep promotion programs
are successful in improving adolescents’ sleep knowledge but not sleep behaviour. The aim of this randomized
controlled trial is to evaluate the effectiveness of Motivating Teens to Sleep More program – a sleep promotion
program with embedded sleep education that combines three approaches: motivational interviewing style, tailoring
activities, and stage-based intervention – as compared to a sleep education only control in motivating adolescents
to go to bed earlier leading to prolonged sleep duration.

Methods/Design: The Motivating Teens to Sleep More study will be conducted with adolescents at a Montreal high
school. Half of the participants will be randomly assigned to the Motivating Teens to Sleep More program
condition and the other half to the sleep education control condition. Each condition will consist of four 1-hour ses-
sions spanning four consecutive weeks. Bedtime will be assessed by sleep logs completed for a week prior to the
start of the program, in the middle of the program and following the program. Sleep onset and total sleep time will
be assessed by actigraphy for one week prior to the start and following the program.

Discussion: The Motivating Teens to Sleep More program is a novel intervention that contributes theoretically to
the field of pediatric sleep by merging three approaches to motivate normally developing adolescents to adopt
earlier bedtimes. Should the program be successful in advancing bedtimes and increasing total sleep time, the
study would offer insights in how to design effective motivational sleep promotion programs for adolescents,
which can potentially improve adolescent health and well-being.

Trial registration: ISRCTN19425350.
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Background
Evidence indicates that sleep restriction (the elimination
of sleep from one’s needed amount for optimal perform-
ance) is particularly prevalent in adolescent populations
(Reynolds and Banks 2011). While experts state that the
optimal amount of sleep in adolescence is 9.2 hours per
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night (Carskadon et al. 1980; Iglowstein et al. 2003; Mer-
cer et al. 1998), a recent poll by the National Sleep
Foundation found that 61% of adolescents are not get-
ting this recommended amount of sleep (National Sleep
Foundation 2011). Delayed bedtime is the primary cause
of insufficient sleep duration in this population, i.e. ado-
lescents go to bed too late. In a longitudinal study
(Iglowstein et al. 2003) comparing the sleep timing of
three birth cohorts (1974, 1979 and 1986) until the age
of 16 years old, it was found that adolescents’ sleep dur-
ation was lowest in the most recent decades. The
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decreased sleep duration was attributed to later and later
bedtimes but unchanged wake up times. The latter find-
ing can likely be attributed to set wake up times for school
in the morning but increasing distractions at nighttime in-
cluding technology, social life and extracurricular activities.
Further, adolescence is associated with a delayed sleep
phase resulting in an endogenous preference for much
later bedtimes than children and adults. Sleep restriction
due to late bedtimes is associated with poor attention, defi-
cits in academic achievement, depressed mood, psycho-
active substance use, car accidents, and obesity in
adolescents (Curcio et al. 2006; Dewald et al. 2010; Durmer
and Dinges 2005; Knutson et al. 2007). Dewald-Kaufmann
et al. (2013) have shown that gradual advancement of ado-
lescent bedtime is a feasible approach and is associated
with increased total sleep duration. Given the negative im-
pact of sleep restriction on adolescent health, widespread
efforts to create sleep interventions aimed at advancing
bedtime in order to increase sleep duration are needed.
Existing adolescent sleep promotion programs mainly

focus on sleep education and have indeed been found to
be successful in enhancing adolescent knowledge about
sleep (Bakotić et al. 2009; Cain et al. 2011; Cortesi et al.
2004; Moseley and Gradisar 2009) but the programs for
which sleep behaviour in addition to knowledge out-
comes has been evaluated find insignificant improve-
ments in sleep behavior (Cain et al. 2011; Moseley and
Gradisar 2009). Adolescents may not be motivated to go
to bed earlier as the behavior change implies less time
for leisure, extracurricular activities, communicating
with friends, etc. (Cassoff et al. 2013). This lack of mo-
tivation might perhaps account for the inefficacy of
current programs in changing adolescents’ bedtime.
Thus, future adolescent sleep research should be done

to investigate the role of adolescent motivation in the
development and implementation of sleep promotion
programs (Cassoff et al. 2013). The focus on solely en-
hancing sleep knowledge rather than also addressing
motivational readiness to improve sleep behaviour may
explain why efforts to reduce adolescent sleep restriction
remain mostly unsuccessful. Therefore, we developed
the Motivating Teens to Sleep More (MTSM) program.
It aims to fill the gaps of previous research by enhancing
motivation to go to bed earlier in a way that is congru-
ent with adolescent developmental characteristics. The
MTSM program aims to enhance motivation by incorpor-
ating three main active ingredients, namely a motivational
interviewing (MI) style, a stage-based intervention ap-
proach and a tailored intervention approach.

Motivational interviewing
Motivational Interviewing is a collaborative, person-
centered counseling style that elicits and strengthens
motivation for change (Miller and Rollnick 2002). It is
based on unique principles including expressing em-
pathy towards the client, encouraging the client to be
autonomous rather than assuming an authoritarian pos-
ition that imposes ideas on them, rolling with resistance
(i.e. not confronting and challenging the client when
they make resistant statements), and helping the client
realize that there is a discrepancy between their current
maladaptive behaviour and their life goals and values
(Baer and Petersen 2002). MI has been found to be ef-
fective in motivating behaviour change especially when
used in conjunction with another intervention (Hettema
et al. 2005). As such, the effects of MI in motivating ad-
vanced bedtime may be enhanced when applied with
stage-based and tailored intervention components. Add-
itionally, its non-confrontational nature encourages ado-
lescents to make autonomous decisions to advance their
bedtime. This is fitting with the tendency for adolescents
to rebel against authority figures as well as the increase
in independent decision-making associated with the ado-
lescence developmental period (Elliott and Feldman
1990). The interaction between the interventionist and
participant will be in the form of a conversation rather
than authoritarian instruction, which is characteristic of
the MI style. Further, due to its efficacy in motivating ado-
lescents to make positive behavioural changes in health
areas including smoking, alcohol use, and diet, MI has re-
cently been proposed as a potentially suitable intervention
for promoting healthy sleep habits in adolescent popula-
tions (Gold and Dahl 2010). Thus far, the effects of MI on
adolescent sleep behaviour have been evaluated in the
school context (Cain et al. 2011), where motivational ses-
sions were offered to groups of students at once. Although
motivation to improve sleep habits was increased following
the intervention, no differences in sleep behaviour were
found. The current study will investigate MI delivered in a
one-on-one context because the principles of MI are best
suitable for one-on-one programs, especially when target-
ing complex behaviours such as sleep (Britt et al. 2004;
Rollnick and Miller 1995).

Tailored intervention
Tailored interventions are created by assessing personal
data related to the particular health behaviour in order
to determine the most appropriate information and/or
strategies to meet the individual’s unique needs (Kreuter
2003). This information and/or strategies are then deliv-
ered to the person in the intervention. Personalizing in-
formation or tailoring messages for each individual have
been shown to be more effective than presenting generic
information in engaging individuals, building their self-
efficacy and improving health behaviours (Noar et al.
2007; Sohl and Moyer 2007). There is growing evidence
for the use of tailoring in complex health behaviour in-
terventions (e.g. for nutrition (Hoelscher et al. 2002),
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exercise (Salmon et al. 2007) etc.). Tailored interventions
are most effective with complex health behaviours that
involve multiple actions (Kreuter 2003). Putting oneself
to bed can be considered a complex behaviour because
it encompasses multiple actions including employing
sleep hygiene behaviours that occur before bedtime, ig-
noring a multitude of distractions that occur at bedtime,
and physically putting oneself into bed. Due to the com-
plexity of bedtime and the effectiveness of tailored inter-
vention with complex health behaviours, the current
sleep promotion program will be tailored. Specifically,
the MTSM program will be ‘tailored’ to important deter-
minants of sleep and to other personal characteristics of
the participant that could be helpful in further enhan-
cing the effectiveness of the activities used in each ses-
sion. While the stage-based part of the sleep promotion
program will customize content depending on the stage
of change, that is, individuals similar in their readiness
to change levels will receive similar strategies; the tai-
lored part of the intervention will further customize
intervention activities to personal characteristics includ-
ing personality, goals, values, and other determinants of
sleep behaviour change. Adolescents may respond well
to tailored interventions because it allows for the devel-
opment of personal and direct intervention content
based on elements such as likes/dislikes, needs, and
current health behaviours or behavioural intentions. For
example, because the MTSM program is tailored to the
needs and preferences of each participant, the extent to
which parents are involved varies between participants.
There is ample opportunity for the adolescent to express
how his/her parents could support his/her decision to
go to bed earlier. However, in some cases, the adolescent
expresses that a sibling or friend would be better suited
as his/her support system.
One-on-one interventions have been developed to im-

prove the sleep patterns of adolescents diagnosed with
delayed phase sleep disorder (Gradisar et al. 2011; Saxvig
et al. 2013; Wilhelmsen-Langeland et al. 2013). Results
indicate the treatments involving one-on-one cognitive
behavioural therapy (CBT) aimed at motivating the indi-
vidual in addition to a chronobiology-related treatment
(e.g. bright light therapy, melatonin administration) re-
sult in more sustained advancements in circadian
rhythm alignment than protocols without CBT (Gradisar
et al. 2011). To our knowledge, tailored motivational in-
terventions have yet to be applied in the context of nor-
mally developing adolescents’ sleep.

Stage-based intervention
Stage-based interventions, grounded in the Transtheore-
tical Model of Behaviour Change (TTM), deliver stage-
tailored content that is aimed at promoting movement
through stages of change and leading to improvements
in health behaviour, decisional balance, and self-efficacy
(Prochaska and Velicer 1997). The majority of the
current study will be modeled according to a stage-
based intervention as the program will involve first iden-
tifying the readiness to advance bedtime of the adoles-
cent and then identifying the corresponding processes of
change that the TTM proposes to be necessary in enab-
ling and facilitating stage advancement (see Table 1).
Once the processes are identified, the interventionist will
employ activities (found efficacious in previous sleep
studies) in order to boost those processes, with the goal
of enhancing motivation and readiness to advance bed-
time. Stage-based interventions have been found to be
effective in the cessation of maladaptive behaviours such
as smoking, cocaine abuse, and delinquent behaviour,
and in the acquisition of positive behaviours such as
safer sex practices, sunscreen use, and regular exercise
in adolescents (Prochaska and Prochaska 2010; Riemsma
et al. 2003; Weinstock et al. 2000). This is relevant for
the current intervention because going to bed earlier,
like the aforementioned health behaviours, is a behav-
iour that adolescents tend to be unmotivated for. An-
other reason why a stage-based intervention is fitting
for a sleep promotion program is because the activities
used to boost TTM processes (i.e. to progress an indi-
vidual through the stages of change) overlap signifi-
cantly with intervention strategies currently used to
promote adolescent sleep (see Table 1). All existing
adolescent sleep promotion programs incorporate sleep
knowledge (Bakotić et al. 2009; Bootzin and Stevens
2005; Cain et al. 2011; Cortesi et al. 2004; De Sousa
et al. 2007; Moseley and Gradisar 2009). Some have
used strategies including cognitive restructuring (Boot-
zin and Stevens 2005; Cain et al. 2011; Moseley and
Gradisar 2009), mindfulness exercises (Bootzin and
Stevens 2005), stimulus control (Cain et al. 2011; De
Sousa et al. 2007; Moseley and Gradisar 2009), role
playing, goal setting (Cain et al. 2011), cues to action
(De Sousa et al. 2007), and personal action exercises
(Moseley and Gradisar 2009). Strategies that have dem-
onstrated to be effective in previous sleep promotion
programs will be incorporated in the current interven-
tion. Please see Table 1 for a detailed explanation of
how the activities used in previous sleep promotion
programs will be integrated within the Motivating
Teens to Sleep More program. To our knowledge,
stage-based interventions have yet to be applied in the
context of adolescent sleep.

The current study
The objective of this trial is to compare improvements
in sleep habits immediately following the completion of
the program and at 3-month and 6-month follow-up pe-
riods in adolescents receiving the Motivating Teens to



Table 1 The stages of change and corresponding TTM processes, MTSM activities, variables measured at baseline, and
integration with previous adolescent sleep interventions

Stage of change Example of TTM process Example of a MTSM program
activity designed to enhance
the process

Variables measured
at baseline that
allow to tailor this
activity

Integration with previous
sleep promotion programs

Precontemplation Consciousness raising:
Raising awareness about
sleep deprivation

Sleep education: Discussing with
the adolescent in an interactive way
about sleep-related facts and conse
quences related to sleep deprivation.

• Knowledge Sleep hygiene education
(Bakotić et al. 2009; Bootzin
and Stevens 2005; Cain et al.
2011; Cortesi et al. 2004;
Moseley and Gradisar 2009)

• Risk perception

• Information needs

• Personal values

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

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

• Attitudes towards
sleep

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

Preparation Dramatic relief: Experiencing
and expressing feelings to
help motivate change

Role playing and personal
testimonies: Improvising a situation
where the adolescent focuses on the
consequences of delayed bedtime in
his/her life and then relieving this
evoked emotional discomfort by
providing personal testimonies of
individuals who have successfully
changed their bedtime and enjoy the
positive ramifications of that change.

• Self-efficacy Sleep-related role playing
(Cain et al. 2011; Moseley
and Gradisar 2009)

Action Self-liberation: Choosing
to act or belief in ability to
go to bed earlier

Sleep hygiene action plan: Offering
the participant an agenda setting chart
(please see Figure 2) from which to
autonomously choose a sleep hygiene
behaviour to improve.

• Personal values Personal action34, goal setting
exercises (Cain et al. 2011)

• Sleep hygiene
behaviour

Maintenance Stimulus control: Avoiding
or countering stimuli that
make the adolescent go to
bed late

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

• Social influence
(identifying positive
and negative
influences)

Stimulus control (Bootzin and
Stevens 2005; Cain et al. 2011;
Moseley and Gradisar 2009)

Note. The activity included in Table 1. Corresponding to each stage of change is one of several examples. A single activity may be suitable for multiple stages of
change. Furthermore, the process by which one proceeds through the stages of change is fluid. Although all participants included in the study report being in the
contemplation stage of change during the screening phase, they may revert back to the precontemplation stage at a later time in the intervention.
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Sleep More program, an individualized sleep promotion
program (embedded with a sleep education component)
aimed at enhancing motivational readiness to go to bed
earlier in comparison to adolescents in a one-on-one
sleep education only condition. The active sleep educa-
tion control group will be used to parse the beneficial ef-
fect of one-on-one aspect of the intervention from the
beneficial effect of stage-based, tailored sleep education
and motivational techniques (i.e. the active ingredients
of the MTSM) in regard to these sleep-constructs. The
effects of the Motivating Teens to Sleep More Program
will be assessed according to the following bedtime-
related constructs: (1) time that the adolescents go into
bed (i.e. bedtime), (2) time that the adolescents fall
asleep (i.e. sleep onset), and (3) duration for which the
adolescents are asleep (i.e. total sleep time).
Methods
Design
The current study is a parallel randomized controlled
trial in which the experimental group receives the one-
on-one MTSM program including tailored motivational
strategies and sleep education as a component within
the program and the control group receives one-on-one
sleep educational sessions only.

Participants
The participants will be high school students aged 12–
18 years old. Previous research (Treasure 2004) suggests
that the effect sizes of interventions based on adapta-
tions of motivational interviewing as well as manualized
versions of motivational interviewing have a small effects
(i.e. d = 0.25). Assuming an effect size of 0.25, the
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required number of participants was calculated for a
power level of .80 and an alpha level of .05. Given the
within subject design with sleep measured at pre, post
and 6-months follow-up, power analyses revealed that a
sample size of 30 adolescents would be required. Inclu-
sion criteria will consist of having a late bedtime (i.e. a
bedtime that results in less than eight hours of sleep on
a school-night) and reporting being in the contemplation
stage of change (i.e. considering advancing bedtime
within the next 6 months). Exclusion criteria will consist
of any sleep disorder and/or medical and mental condi-
tion that interferes with sleep. The screening procedure
for medical and mental conditions that interfere with
sleep is that a parent of the child responds to the follow-
ing question in an online survey: “Please indicate
whether your child has been suffering from any of the
following within the past 12 months.” If the parent
chooses “asthma attacks,” and/or “skin condition,” and/
or “Attention Deficit Disorder (ADD),” and/or “Atten-
tion Deficit and Hyperactivity Disorder (ADHD),” and/
or “conduct disorder,” and/or “anxiety disorder,” and/or
“depression” then the child is in ineligible to participate.
The screening procedure for sleep disorders is that the
parent and children together respond to the Sleep Dis-
order Inventory for Students – Adolescent Version
(SDIS-A). As per the scoring instructions for this instru-
ment, if the overall score is above 104, then the child is
ineligible to participate.

Procedure
The parent of an interested adolescent will contact the
research team at which time he/she will be invited to
complete an online parental consent form followed by a
screening questionnaire on sleep, medical and psychi-
atric disorders. We will sequentially assign each partici-
pant a unique personal identifier to be entered into the
screening questionnaire. Once the parent completes the
form to screen for whether his/her child has a sleep dis-
order and if his/her child remains eligible (his/her child
will be contacted (via email and/or telephone call) to
complete the rest of the screening process. The remain-
der of the screening process will consist of the adoles-
cent completing an online questionnaire to assess his/
her stage of change and bedtime. Should the participant
be ineligible to participate both he/she and his/her par-
ent/legal tutor will be notified. If the participant is eli-
gible to participate, the RA will contact the participant
and ask him/her to complete the baseline questionnaire,
which will occur online at a time of his/her convenience.
The baseline questionnaire will assess variables that are
important in individualizing the sessions including per-
sonal values, attitudes towards sleep, confidence in abil-
ity to change sleep habits, sleep-related social influences,
and sleep knowledge, risk perception, and cues to action.
At this time, the RA will also schedule the first session
and provide the participant with general information
about the study including the location, duration and
number of the sessions. The first page of the baseline
questionnaire will contain an assent text that will de-
scribe the study according to developmentally appropri-
ate reading and comprehension levels of the youngest
age group (12 years old). Participants will be instructed
that by clicking “I agree” they are providing assent and
agree to participate in the study.
Students will meet with the RA at their school (1-week

before the start of the sessions) to be provided with an
actiwatch and instructions for using it for seven nights
in a row. An actiwatch is a small watch-like device worn
on the wrist. It assesses sleep-wake patterns through
body movement during the night. They will also be
asked to fill in a sleep log indicating their bed and wake
times, and napping schedule during this period. After
one week, the participants will return the actiwatch and
the sleep log sealed in an envelope (provided by the RA
to ensure confidentiality) to their school’s administrative
office to be picked up by the RA, at which point the ses-
sions will begin. The same procedure will take place dur-
ing actigraphy data collections after the sessions.
All sessions will be one hour in duration and will take

place once a week for four consecutive weeks. Two gradu-
ate students in psychology will each administer half of the
sleep education sessions and half of the MTSM program
sessions. Questionnaires assessing sleep behaviour will be
completed immediately following each session and at three
and six months following program completion.

Randomization
We will employ a randomization process where the partici-
pant will be allocated to either group A (MTSM program
with an embedded sleep education component) or group B
(Sleep education sessions only). A randomization sequence
will be created using a secure online randomization service
(www.randomization.com). The randomization sequence
will be assigned on a 1:1 ratio to the intervention and con-
trol groups. Only the research team will have access to the
online randomization scheme. Please see Figure 1 for a de-
scription of the study flow.

Control group: sleep education
Each sleep education session will be one-on-one (inter-
ventionist and participant) and will consist of the inter-
ventionist presenting information concerning different
aspects of sleep. In session 1, the interventionist will
teach the participant about sleep in general, in session 2
about teenagers and sleep, in session 3 about sleep disor-
ders, and in session 4 about sleep hygiene. Although the
participant will be invited to ask questions if they do not
understand, the responses offered by the interventionist

http://www.randomization.com/


Figure 1 The MTSM study flow diagram.
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will be directly related 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 only sessions
and the MTSM program with an embedded sleep educa-
tion component will be that in the latter the interven-
tionist will not only teach about sleep but will also use
activities that are matched to the participant’s readiness
to change their bedtime and are aimed to increase their
motivation to go to bed earlier. Specifically, the interven-
tionist will choose the activities to conduct in the session
depending on the current readiness to advance bedtime
of the participant. Sleep education will be embedded in
the program in that participants who are unfamiliar with
particular aspects of sleep will be provided with the in-
formation that they are missing. However, this will not
be provided in a ‘one size fits all’ format as is the case in
the sleep education sessions. Rather, participants will be
provided with sleep education in a way that is tailored to
what they currently do and do not know. For example, if
the participant is aware of the consequences of sleep on
their mood but not the consequences of sleep on their
academic performance (as concluded by result on the
baseline questionnaire), the interventionist will provide
him/her with the information they are missing by dis-
cussing the potential negative effects of sleep deprivation
on attention and behaviour in school. Due to the inclu-
sion criterion of being in the contemplation stage of
change, at the start of the first session the activities used
will be similar across participants. All activities that
could be further tailored to individual characteristics of
the participant will be done so in a way that is standard-
ized in the study manual. For example, during the sleep
hygiene action plan activity of choosing a sleep hygiene
behaviour to improve (please see Figure 2), the interven-
tionist will congratulate the adolescent regarding sleep
hygiene behaviours that he/she already does and will
only suggest that he/she chooses a sleep hygiene behav-
iour needing improvement. Sleep hygiene behaviour in-
formation will be provided in the baseline questionnaire
by each participant. Finally, all of the sessions will be
conducted in a MI style. A MI style will consist of ex-
pressing empathy towards the adolescent, encouraging
the adolescent to be autonomous rather than assuming
an authoritarian position that imposes ideas on them,
rolling with resistance (i.e. not confronting and challen-
ging them when they make resistant statements), and
helping the adolescent realize that there is a discrepancy
between their current maladaptive behaviour and their
life goals and values. A specific bedtime will not be pre-
scribed for the teens because this would go against the
motivational interviewing approach. Rather, the inter-
ventionist will work together with the participants to set
a bedtime goal that is realistic based on the teen’s per-
sonal schedule and level of motivation. Further, although
a set bedtime goal is created with the teens in the first
session, the participant is encouraged by the interven-
tionist to update this goal (by either making their bed-
time goal earlier or later) depending on their progress
throughout the program. Reminders for the interven-
tionist to engage in motivational interviewing congruent
behaviours are present throughout the study manual.

Fidelity assessment
We will measure the fidelity of the intervention by 1)
conducting standardized training sessions for the inter-
ventionists consisting of a 2-day training on the study
procedures, the MTSM program and the sleep education
program as well as over 20 hours of clinical training
some of which were delivered by members of the Motiv-
ational Interviewing Network of Trainers (MINT) and 2)
by audio-recording the sessions to be listened to by two



Figure 2 The sleep hygiene action plan activity as per the MTSM study manual.
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RAs who will complete assessments measuring how ad-
herent the interventionist was to the study manual and
procedures. We created the fidelity assessment for the
current study and they consist, in part, of the Motiv-
ational Interviewing Treatment Integrity Code (Moyers
et al. 2010).

Measures
Bedtime
Bedtime is the time the adolescent will report on the
sleep logs going into bed at night.

Sleep onset and total sleep time
Sleep onset and total sleep time will be assessed through
actigraphy assessments in conjunction with daily sleep
logs for the week prior and the week after the four ses-
sions. Actigraphy is a method used to measure sleep-
wake patterns through body movement (Littner et al.
2003) by recording data from accelerometers several
times per second. These computerized wristwatch-like
devices collect data generated by movements. Acti-
watches are not intrusive and can record sleep timing
without affecting the child’s bedtime routine. Actigraphy
has been validated against polysomnography with agree-
ment rates for minute-by-minute sleep-wake identifica-
tion > 90% (Ancoli-Israel et al. 2003). One-minute
epochs will be used to analyze actigraphic sleep data.
The bedtime and wake time reported in the sleep logs
will be used as the start and end times for the current
analyses. For each 1-min epoch, the total sum of activity
counts will be computed. If they exceed a threshold
(threshold sensitivity value =mean score in active
period/45), then the epoch will be considered waking.
The first time it falls below that threshold will be consid-
ered “sleep onset”. The actigraphic sleep measures to be
used in this study include parameters pertaining to
actual time spent asleep during the night (i.e. total sleep
time) and the time in which the participant falls asleep
(i.e. sleep onset).

Readiness to go to bed earlier
Readiness to go to bed earlier will be assessed by two
measures. First, a readiness ruler (LaBrie et al. 2005)
adapted to sleep will be completed such that participants
will indicate on a 10-point ruler how they presently feel
about going to bed earlier. Anchors included “Never
think about my bedtime,” Sometimes I think about ad-
vancing my bedtime,” “I have decided to advance my
bedtime,” “I am already trying to advance my bedtime,”
“My bedtime has changed, I now go to sleep earlier.”
The readiness ruler has shown good criterion validity
with self-reported behaviour in the areas of condom use
and alcohol consumption (LaBrie et al. 2005). The readi-
ness ruler will be completed at baseline, after each ses-
sion and at follow-up assessments. The second measure
will be the 11-item Readiness to Change Questionnaire
(RTCQ; Rollnick et al. 1992) adapted to sleep. Precon-
templation, contemplation, and action were each repre-
sented by four items measured on a 5-point scale (−2 =
strongly disagree to +2 = strongly agree). Stage of change
as measured by the RTCQ has been validated as a good
predictor of health behaviours (Heather et al. 1993). A
single indicator of readiness to change will be calculated
by adding up the scores for the contemplation and ac-
tion questions and the reverse scores for the preparation
questions. Stage of change, as measured by the RTCQ
has been validated as a good predictor of health behav-
iours (Heather et al. 1993).

Sleep-related self-efficacy
Sleep specific self-efficacy will be measured by a sleep
self-efficacy questionnaire (Watts et al. 1995) modified
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to assess control over putting oneself into bed. Sample
items include “How much do you feel that you have the
ability to go into your bed at an earlier hour?” and “How
much do you feel that the time it takes to go into your
bed is under your control?” rated on a 4-point scale. Re-
sponses (1 = not at all to 4 = to a great extent) were
modified to fit with the question stem. Another sleep
self-efficacy instrument was developed for the present
study. Items include the semantic structure,“ I can man-
age to get into bed at an earlier hour,… even if (barrier),”
which is the rule of thumb for domain specific self-
efficacy questions (Luszczynska and Schwarzer 2005).
Sample barriers created for this study include “even if it
meant watching less television” and “…even if it meant
not seeing my friends” and are rated on a 4-point scale
(1 = very uncertain to 4 = very certain).
Attitudes towards sleep
A decisional balance instrument will be used to assess
attitudes towards sleep at baseline, at the end of each
session and at follow-up assessments. The questionnaire
was developed for this study based on the work of
Orzech (2013), Noland et al. (2009), and Pawlak and
Colby (2009), and it consists of twenty-two items: twelve
items about the pros and the rest about the cons of go-
ing to bed earlier. Positive attitudes towards sleep are
computed as the difference between the standardized
pros scores and the standardized cons scores.
Statistical analyses
Prior to analyzing the impact of the MTSM intervention
in improving adolescents’ sleep behaviour, t-tests will be
run to examine to which extent randomization was suc-
cessful. Specifically, it will be tested whether participants
in the experimental and control group differ in the fol-
lowing characteristics: sleep deficit (i.e. hours of sleep by
which the participants deviated from the optimal
9.2 hours of sleep), readiness to change bedtime, sleep-
related self-efficacy, and attitudes toward sleep. Variables
on which experimental and control group that differ sig-
nificantly will be controlled for in the subsequent ana-
lyses. Three two-way mixed ANOVAs with time (pre-
vs. post-assessment vs. 3-month follow-up vs. 6-month)
as the within-subjects factor and group (experimental vs.
control) as the between-subjects factor will be per-
formed to test whether adolescents receiving the Motiv-
ating Teens to Sleep More program differ significantly
after the intervention and at three- and six-month
follow-up from the adolescents receiving only sleep edu-
cation in the following sleep variables: 1) bedtime, 2)
sleep onset, 3) total sleep time. Significant results will be
further examined by planned comparisons.
Study progress
The data collection is currently underway such that 13
participants have completed the four sessions and 4 par-
ticipants have provided 3-month follow-up data. The
study will be terminated once 6-month follow up data
from 30 participants are collected.

Ethics
The study has obtained approval by the McGill Research
Ethics Board in November 2012 (REB# 115–0912).

Discussion
In the current study, we are evaluating the impact of a
motivational sleep promotion program with an embed-
ded sleep education component compared with sleep
education only on sleep improvements in adolescents.
The MTSM program is a novel intervention that merges
three promising motivational initiatives – a motivational
interviewing style, tailoring activities, and stage-based in-
terventions. To the best of our knowledge, this is the
first one-on-one sleep promotion program aimed at mo-
tivating normally developing adolescents to adopt earlier
bedtimes.
The current study can contribute theoretically to the field

of pediatric sleep by applying health behavior theories (e.g.
the TTM) in conceptualizing ways in which to motivate ad-
olescents to improve their sleep habits. The current study
can also contribute practically by offering insights in how
to design effective motivational sleep promotion programs
for adolescents. Should the MTSM program be successful
in advancing bedtimes and increasing sleep duration, it can
have a positive impact on adolescent health and well-being
including improved physical health (e.g. weight regulation,
Lowry et al. 2012; less car accidents, Pizza et al. 2010) cog-
nitive health (e.g. academic performance, Gruber et al.
2010, and emotional health (e.g. mood, Dahl 1999).
A limitation of the current study is the generalizability of

results. Because the participants are being recruited from a
private high school, our findings may not generalize to ado-
lescents of a lower socioeconomic status. Further, it will be
difficult to implement the program on a wide-scale as
meeting with normally developing adolescents on a one-
on-one basis is resource intensive. Should the program be
successful, one way to translate the findings on a wide-scale
is to implement tailored computerized sleep promotion
programs. Such programs are often Internet-based and can
tailor the content of health promotion materials to the spe-
cific characteristics of each participant (Rimer and Kreuter
2006). Not only is delivering the program over the Internet
more feasible than in person, but it is considered an appro-
priate way in which to communicate with adolescents due
to its accessibility and the tendency for adolescents to view
the Internet as a credible source for health information
(Borzekowski and Rickert 2001).
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