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BACKGROUND
The Problem, Condition or Issue
School start times for adolescents are increasingly being scrutinized within school
communities. Recently, school officials have begun varying start times as a means to
improve students’ productivity, achievement, and health and well-being. This
informal experimentation has proceeded in the absence of clear, detailed and wellsubstantiated guidelines about school start times that are based on empirical
evidence. The purpose of this review is to synthesize existing evidence about school
start times and contribute to knowledge that can ultimately support sound policy
and decision-making. School time scheduling has implications globally and we also
aim to explore whether or not this type of intervention works better in certain
geographic areas, in certain kinds of schools or with certain types of students. The
current and growing interest in secondary schools adopting later start times has
been preceded by approximately 20 years of research concerning the issues of
adolescent sleep needs, sleep deprivation, adolescents’ peak periods of alertness and
best time of day for learning.
It is our hope that this review will contribute towards the development of systematic
review methodologies, particularly the approaches required for conducting reviews
in public and population health and education, as well as for reviews that have a
specific focus on the equity of these kinds of interventions.
We have not thus far been able to identify any existing systematic reviews on the
effectiveness of later school start times. We have, however, identified some nonsystematic reviews and summaries as well as systematic reviews on related topics.
The Evidence for Policy and Practice Information and Co-ordinating Centre (EPPICentre) at the Social Science Research Unit, Institute of Education, University of
London recently completed a review on the effects of 'block scheduling' (one form of
class scheduling) on students. As part of this review, a map of all interventions that
were found relating to school time use was constructed. The map included, for
example, interventions related to the length of the school day, the length of the
school year, the length of classes and the use of Saturdays for schooling. Later school
start time was identified as a type of intervention related to school time use. This
topic was not considered for synthesis or in-depth review by the EPPI-Centre
reviewers, however. An undergraduate thesis project was recently completed on the
effectiveness of later school start times in the United States (Kuhfeld 2009). Nonsystematic literature reviews related to later school start times have also been
conducted (Yan 2006; Yan 2007) as part of a Blue Valley School District evaluation
in Kentucky, USA and Newton 2010 with the Toronto District School Board,
Toronto, Canada (also a co-author on this review). None of these previous studies or
reviews has provided a comprehensive, systematic picture of the effectiveness of
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later school start times for improving the education, health or well-being of high
school students because:
1. the scope of the reviews was limited and evidence presented in these reviews
may be only a partial representation of relevant studies;
2. systematic inclusion or exclusion criteria were not used; and
3. included studies were not systematically or critically appraised, so we know
little about the quality of the evidence.
Although the topic has global significance, the majority of studies found to date were
undertaken in North American settings, with school times being adjusted from early
starts (between 7:00 and 8:00 am) to times after 8:15 am. There appears to be a
preliminary indication from these previous non-systematic reviews and summaries
that later school start times have positively impacted student learning by way of
students being more alert, better focused on what they were doing, attending more
first period classes and falling asleep less often in class. There has been some
indication (especially in Wahlstrom 2002) that students in later starting schools eat
breakfast more often, get more sleep and are less tense at home. School nurses
reported fewer stress-related complaints and illnesses. Common disadvantages
appear to be a longer school day for teachers; later times for sports and after-school
activities resulting in students getting home later; and a decline in work hours for
students with after-school jobs.
There is ample research available on the biology of sleep, specifically pertaining to
adolescents. This body of research details adolescents’ unique circadian rhythms,
patterns of later melatonin release, bio-regulatory processes (delayed phase
preference) associated with later evening sleepiness, adequate sleep needs (9.25
hours per night) and the growing prevalence of sleep lack or deprivation. The
average total hours of adolescent sleep in the United States, for example, is reported
as 6.5 to 7.5 hours per night (Carskadon 1990; Dahl 1996). If given a choice, as
children progress into adolescence, they tend to go to sleep later and wake up later
(Acebo 1991) but that this can change again in the late teens. Sleep research studies
commonly find that teenagers have biologically different sleep and wake patterns
than the preadolescent or adult populations (Wahlstrom 2002).
The initial research indicates that a number of conditions or behaviors may be
remedied by a later school start time. In a previous study, students with a later
school start time of 9:30 am averaged 7.5 hours of sleep, whereas those with an
earlier start time of 7:20 am reported only 6.9 hours of sleep on week nights
(Kowalski 1995). Even a moderate sleep increase (30 minutes to one hour) over a
period of time has shown to be associated with increased scores on various
performance tasks (e.g. reaction times and memory tests) (Sadeh 2003).
The collection of prominent sleep research studies, from the late 1980s and
throughout the 1990s, have been critiqued (Wolfson 2003). Their summative report
revealed that the association of sleep patterns and sleep quality, specifically
3
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shortened sleep times (later bed times paired with earlier wake times), were
associated with lower academic performance, grade point averages and motivation
levels. They also reported that more sleep and later week day rise times were
associated with better grades and a higher motivation to do well in school.
In the review of research that focused on laboratory testing for the impacts of sleep
disturbances, sleep deprivation and adolescents’ bio-regulatory processes, the
following concerns were uncovered:
•
•
•
•
•
•
•
•
•
•
•

aggressive behavior (Gibson 2006);
memory loss (Poirel 1987);
conflict with teachers, increased irritability and aggressive behavior (Maas
1995);
tardiness (Gibson 2006; Wahlstrom 2002);
falling asleep in class (Maas 1995);
poor self esteem (Fredriksen 2004);
greater risk of accidents (Dahl 1996);
anxiety and depression (Chorney 2007);
pre-frontal cortex dysfunction (inappropriate behavioral responses, negative
impact on creative thinking, decreased goal-oriented behavior) (Drummond
1999; Harrison 1996);
slow performance or lapses of performance, slower reaction times, difficulty
concentrating (Sadeh 2003); and
low achievement and achievement motivation (Epstein 1998; Meijer 2000).

It appears, therefore, that later school start times could logically have some positive
education, health and well-being impacts for high school students and their families.
It is the objective of this review to examine the evidence base for these potential
relationships.
The Intervention
This review will be conducted specifically to examine the effectiveness and
implementation of later start times in high schools. The intervention is an
adjustment in the time school starts and, thus, the time school takes place during
the day. We are interested in comparisons of schools that start at different times
during the day, one later than the other, as well as comparisons between morning
and afternoon or evening 'shifts' at a single school where double or multiple groups
or split shifts of students exist.
How the Intervention Might Work
There are two main theories about why a later high school start time might improve
the education, health or well-being of high school students. The first relates to the
amount of sleep an adolescent gets depending on when they have to wake up to get
to school and the various impacts of different amounts of sleep. The second theory
relates to there being an optimal time of day for adolescent alertness and learning,
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and that these factors are associated via many routes with health and educational
outcomes.
Previous studies indicate that adolescents may not be behaviorally and
physiologically ready to fall asleep until approximately 11:00 pm and that some
show physiological signs of becoming more energetic and internally stimulated in
the late evening (Carskadon 1981; Wolfson 2005). If given a choice, adolescents
prefer going to bed later and waking later. There is general consensus throughout
the majority of the biomedical and sleep literature that a mismatch exists between
school schedules and demands, on the one hand, and the adolescent delayed sleep
cycle on the other.
The second theory about why later school start time interventions might work to
support the education, health and well-being of high school students is that
implementing a later school start time may better align the school day with peak
times for adolescent alertness and potential for learning, and that these factors in
turn have direct implications for health and educational outcomes. Evidence for this
theory relates to investigations of adolescent neuropsychologic performance,
alertness and the time of day ideal for learning and short- and long-term memory
tasks. Hansen 2005 found that students’ performance was better later in the day
than in the early morning. Adolescent short-term memory has also been shown to be
better in the morning but long-term memory improved in late afternoon and early
evening (Harrison 1996; Monk 1987).
Why it is Important to do the Review
There is a growing awareness amongst parents, teachers, schools and community
groups of the possibilities of later school start times to support better health and
education outcomes for adolescents. There is a growing body of literature on the
effects of even mild sleep deprivation on young people and on the possible peak
times for learning during the day in high schools. At the request of parents, teachers,
school council members and others, school administrators and educational policymakers in many jurisdictions are currently considering later school start times. A
number of schools and school districts have changed times over the past 10 to 15
years, particularly in the North America. There have been a number of single studies
of these kinds of interventions, but it is unclear whether there is sufficient evidence
about the effectiveness of these kinds of approaches for students, their families or
the school's wider community (Taras 2005). The results of this review can be used
by school officials in making decisions about whether or not to adopt a later school
start time within their own schools.
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OBJECTIVES
The primary objective of this study is to assess the effectiveness of later high school
start times for improving student educational, health and well-being outcomes.
Specific objectives are the following.
1. In considering equity, to explore possible differential effects of later school start
times among subgroups of students by (where possible to ascertain) age, grade,
gender, ethnicity and socioeconomic status.
2. In considering equity, to explore possible differential effects of later school start
times among subtypes of schools, such as comparing larger versus smaller
schools, rural or urban schools, schools with students who walk to school versus
those who take the bus or have mixed transportation, public or private schools,
or schools in different geographic locations and climatic conditions.
3. To identify and explore any adverse or unforeseen effects of later school start
times.
4. To explore the process of implementing later school start times to identify
successful features as well as aspects of context and delivery that might lead to
positive or adverse effects.
5. To identify and explore the effects of later school start times on the broader
school community (including teachers and other school staff, the school
neighborhood and the students' families).
METHODOLOGY
Inclusion Criteria
What types of studies designs are to be included and excluded?
We will include the following types of studies in this review:
•
•
•
•
•

randomized controlled trials (RCTs) (including cluster-randomized
controlled trials or randomized cross-over trials);
non-randomised designs including:
non-randomized controlled trials of an intervention (including potentially
cluster and/or cross-over trials) (CCTs);
controlled before and after studies (CBAs) of an intervention;
interrupted time series studies (ITSs) with at least three pre and post
measurements.

For the purpose of this review, the term 'intervention' will also include changes that
are deemed 'natural' or 'natural experiments' (changes that occur and can be studied
but are not under the design or immediate control of the research group). These
could include, for example, comparisons of different 'shifts' of students when a high
school enters a split-shift configuration, or studies of groups of students who leave a
school with an earlier start time and enter a new school with a later one.
Note 1: we will only use qualitative data that are associated with an intervention
study included in this review. These studies may help contextualize and provide
explanations for the major findings. We will assess the qualitative studies for quality
(rigor) by reviewing for evidence of:
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•
•
•

a clear and appropriate description of methods (for sampling, data collection
and analysis);
triangulation (of methods, data sources and/or of researchers);
an audit trail.

We will not use qualitative studies that do not show evidence of these three points.
For those that will be included, we will analyze them thematically (coding for major
and minor themes presented) and include them in the review's narrative summary.
Note 2: we understand that there are likely other types of studies of late start
interventions (for example, case-control studies, educational ethnographies, case
studies or other types of observational studies). Based on our study type criteria for
inclusion, these kinds of studies will not be formally included in our review.
However, we will make note of those we find and include comments in the review
about the different methodologies used. Where appropriate, we will offer advice on
designing ideal intervention studies for evaluators of these kinds of schedule
changes.
Types of participants
We hope to capture the student age group of 13 to 19 years, for whom this type of
intervention is most pertinent. Participants will be high school or secondary school
(or in some cases middle school or junior high school) students and their families,
schools and communities, worldwide. We will not exclude students with special
needs, alternative schools or boarding schools. We will note these differing
circumstances in the narrative summary.
Types of interventions
This review will include studies of interventions that involve a comparison between
two or more different high school start times. These can include 'late start'
interventions, in which high school start time is purposely moved later and then
studied in comparison to the previous or another earlier start time. It can also
include studies that compare outcomes associated with start times at different, but
matched, schools or different 'shifts' of students within the same school (the
morning, afternoon or evening shift). We will also include studies of outcomes
associated with day versus night school attendance. We will not exclude studies
based on type of school (public, private, boarding etc.).
Types of outcome measures
We have divided the many possible outcomes of interest into two categories. We will
include findings related to primary outcomes in the 'Summary of findings' table as
well as a list of any possible adverse outcomes or harms associated with the
intervention. We will include overall findings associated with secondary outcomes in
a narrative summary.
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Primary Outcomes
Primary outcomes include the following.
•
•
•
•
•

Student academic outcomes measured, for example, by locally relevant
standardized test scores and course grades, midterm and final exam results,
and graduation records.
Outcomes related to amount or quality of sleep for students.
Mental health indicators including, for example, measures of stress, anxiety,
feelings of isolation or exclusion, depression or suicidal ideation.
Student truancy or attendance.
Teacher or self reported student alertness.

We will also note any additional adverse outcomes or possible harms. These might
include the following.
•
•
•
•
•
•
•
•

Increased transportation costs for students, families or schools.
Decrease in student supervision outside school time.
Less time spent with family.
Issues with childcare and before- and after-school care for younger siblings.
Decreases in enrolment in extra-curricular and athletic activities.
Polarizing or increased conflicts within the school community through this
issue.
Difficulties for school staff (making medical appointments, attending
professional development workshops etc.).
Increased costs and difficulties obtaining substitute teachers.

Secondary Outcomes
Secondary outcomes may include the following.
•
•
•
•
•
•

Outcomes related to health behaviors (e.g. diet, exercise, tobacco use, alcohol or
drug use, unsafe sexual practices).
Health and safety indicators (e.g. vehicular accidents, falls or other accidents,
abductions, waiting for buses in the dark, transportation issues).
Social outcomes (e.g. changes in social supports, peer relations, participation in
extra-curricular activities, student employment, discipline referrals at school).
Family outcomes (e.g. changes in the supervision of children/adolescents and
childcare, family communication and dynamic, routines, roles).
School outcomes (e.g. changes in registration numbers, school climate or
discipline referrals).
Community outcomes (e.g. reactions from local businesses, feelings of safety on
neighborhood streets).

We will record any mention of financial costs and resources required for
implementation of the intervention and include this in the narrative summary.
Where possible, we will collect data on the schools and communities that are the
settings of the included studies to provide context for the results. Qualitative
companion studies may be helpful in this regard. Of particular interest are: social,
political, climatic and geographic factors that might impact the delivery of, access to
and experience of schooling, as well as any other school or community-based
8
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interventions that have impacts on students, such as nutritional or other health and
development interventions. We will also note, where possible, the season or time of
year in which the included studies were undertaken.
Search Strategy
We will undertake electronic searches in scientific databases as well as hand
searches of citation lists, recent relevant journal index lists, websites and
publications from relevant conferences and scientific meetings. We will also contact
key expert informants, including previous authors and researchers in this area.
Electronic searches
We gained input from three reference librarians to develop the search strategy. We
will not exclude documents on the basis of language, country or publication date.
The MEDLINE search will be conducted on the Ovid MEDLINE(R) In-Process &
Other Non-Indexed Citations and Ovid MEDLINE(R) 1948 to Present. This search
will be modified for other databases and is included as Appendix 1.We will perform
the search in the following electronic databases.
EBSCO Platform
•
•
•

Academic Search Complete*
Global Health (CAB Health)*
CINAHL*

OVID Platform
•
•
•

EMBASE*
MEDLINE*
PsycINFO*

GALE Platform
•
•

Educator's Reference Complete*
Educators e-collection*

SCHOLARS PORTAL Platform
•
•
•
•
•

ERIC*
Education Abstracts*
Education Administration Abstracts*
Sociological Abstracts*
Social Science Citation Index*

WILSON WEB Platform
•

Education Full Text*

PROQUEST Platform
•
9
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DIALOG Platform
British Educational Index
Australian Educational Index

•
•

INDEPENDENT DATABASES
JSTOR*
The Cochrane Collaboration Database of Systematic Reviews
Cochrane Public Health Group Specialized Register
Cochrane Central Register of Controlled Trials (CENTRAL)
The Campbell Collaboration Database of Systematic Reviews (C2-SPECTR, C2PROT)
Evidence for Policy and Practice Information and Co-ordinating Centre Review
Databases (including BiblioMap, DoPHER, TRoPHI, Database of Education
Research, and CERUK)

•
•
•
•
•
•

A research assistant will complete 15 electronic database searches (*); CMD will
complete the remainder. We will divide the search concepts roughly into three
groups: population (lines 1 to 8 in the sample search); setting (lines 9 to 16) and
intervention (lines 17 to 39). We will consider all outcomes and comparators.
Searching other resources
We will hand search the bibliographies of all included studies (as well as excluded
but closely related studies). We will examine the 'similar studies' and 'cited in'
options for all included studies where possible in Web of Science. We will contact
authors of included studies and the authors of the other related non-systematic
reviews by email. We will contact other prominent school-health researchers and
members of our advisory group requesting any further relevant information,
unpublished or in-progress studies.
In addition, we will hand search the most recent issues of the following journals for
publications that would not yet be included in the electronic databases:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
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Sleep (2010 to present)
Behavioural Sleep Medicine (2010 to present)
Journal of Adolescent Health (2010 to present)
International Journal of Child and Adolescent Health (2010 to present)
Journal of School Health (2010 to present)
American Educational Research Journal (2010 to present)
British Educational Research Journal (2008 to present)
Canadian Journal of Education (2009 to present)
Review of Educational Research (2010 to present)
Educational Researcher (2010 to present)
British Journal of Educational Studies (2010 to present)
Educational Evaluation and Policy Analysis (2010 to present)
The High School Journal (2010 to present)
Journal of Sleep Research (2009 to present)
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We will search the following English language websites, conference listings, popular
media sources and portals for relevant grey literature (such as evaluation reports
and policy papers):
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

System for Information on Grey Literature in Europe (SIGLE 1985-2005)
American Educational Research Association
American Psychological Association
International Association for Adolescent Health
The Canadian Sleep Society
Academy for Educational Development
World Health Organization
The National Association of Secondary School Principals
Ontario College of Teachers
The Canadian Society for the Study of Education
The Association of Supervision and Curriculum Development
UK Dept. of Education
European Sleep Research Society
American Academy of Sleep Medicine
Sleep Research Society
The World Federation of Sleep Research & Sleep Medicine Societies
(WFSRSMS)

In order to locate additional unpublished studies not identified through the
procedures described above, we will carry out an Internet search using key words
and prominent author searches. We will review five pages of hits for each keyword
or author search in Google.
METHODS
Selection of Studies
Two review authors (CMD and LN) will independently scan the abstracts and titles
of articles retrieved by the electronic and handsearches for eligibility, according to
the inclusion or exclusion criteria outlined in the types of studies, participants and
interventions listed previously. We will retrieve full copies of all those deemed
eligible by at least one of the review authors for closer examination. In any instance
in which it is difficult to make a selection decision on the basis of the title and
abstract alone, we will retrieve the full article for screening. We will exclude all
studies that initially appear to meet inclusion criteria but upon this closer inspection
do not. These exclusions will be listed in a table of 'Characteristics of excluded
studies' and we will provide reasons for exclusion.
Data Extraction and Management
Three review authors (CMD, LN and RB) will independently extract data and will
thoroughly review each other’s work. The data extraction form has been developed
from the Cochrane checklist (Higgins 2008, p. 157). Any discrepancies among the
authors for inclusion or exclusion of studies will be resolved through discussion
among these authors and involvement of the remaining authors. If consensus cannot
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be reached, a final decision will be made by CMD. We will then enter the data into
the Review Manager 5 software (RevMan 2011) and record study details in the tables
for 'Characteristics of included studies' and 'Characteristics of excluded studies'.
We will extract data on study methods (including study design, details related to
follow-up measures and all timing data (see below)), description of the intervention
or natural change (including where appropriate any process details, total numbers in
each group, again all timing data), and details about participants. We will also
extract additional items relating to implementation of the intervention, including
levels of adherence to the intervention start times by schools and students, resources
required for implementation, and whether a process evaluation was conducted. We
will use the PROGRESS (place, race, occupation, gender, religion, education,
socioeconomic status) checklist to provide detail about the included sample and to
assess whether or not outcome data have been reported by socio-demographic
characteristics known to be important from an equity perspective. We will also
record whether or not studies included specific strategies to address diversity or
disadvantage. We will extract school and community characteristics: geographic
location (country, region, rural/urban), school type (grade levels, private versus
public, single gender versus mixed gender, boarding school versus day school,
alternative school), student transportation options, race distribution (of student
majority and mix within school), social class (of student majority and mix within
school), neighborhood characteristics (of the school), state infrastructure such as
local roads, buildings and other social, political, geographic and climatic variables
that may impact the delivery, access to, and experience of schooling. We will also
extract any information relevant to the 'history of intervention' where possible (e.g.
Has the school made other previous changes? What is the norm and what is the
difference between that norm and the changed time? How long has the intervention
been in place?). We will also note any other interventions impacting the study
samples, especially school nutrition programs.
With respect to timing issues, it will be important to record all timing details
systematically and comprehensively. This includes making note of the time of day
that school begins and the schedule of how the school day unfolds in intervention
and comparison schools. We will record all available information about start, finish,
class and break times at intervention and comparison schools, as well as the times of
year or season of intervention, data collection and follow-up. Of particular interest
will be examining the chosen later start time to try to understand whether there is
evidence indicating an ideal time of day for schooling 13 to 19 year olds.
We will include the primary outcomes (academic, sleep, mental health,
truancy/attendance and alertness) in 'Summary of findings' tables. We will also list
any adverse outcomes or harms found to be associated with the intervention. We
will extract any mention of financial costs or resources required for the
implementation of the intervention as well as the required details for statistical
analyses and critical appraisal.
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Assessment of Risk of Bias in Included Studies
We predict that there will be no or very few randomized or cluster-randomized
controlled trials in this area and that we will mostly be working with nonrandomized, controlled before and after studies and interrupted time series studies
of interventions or natural experiments. As outlined by Guyatt 2011, for RCTs we are
particularly aware of limitations associated with:
•
•
•
•
•
•
•
•

lack of allocation concealment;
lack of blinding;
incomplete accounts of student and outcome events;
selective outcome reporting;
stopping early for benefit;
the use of unvalidated outcome measures;
incomplete washout period or carry-over effects in cross-over trials; and
recruitment bias.

For observational studies we are particularly aware of limitations associated with:
•
•
•
•
•
•
•
•
•
•

failure to develop and apply appropriate eligibility criteria for study and control
populations;
under or over-matching in case-control studies;
selection of exposed or unexposed in cohort studies from different populations;
flawed measurement of exposure or outcome;
differences in measurement of exposure (e.g. recall bias);
differences in the surveillance for outcome among exposed and unexposed
populations in cohort studies;
failure to adequately control for confounding;
inaccurate measure of prognostic factors;
lack of appropriate adjustment in statistical analysis; and
incomplete follow-up.

To assess risk of bias in the included studies, we will use the Cochrane
Collaboration's Effective Practice and Organisation of Care (EPOC) 'Risk of bias'
tools (EPOC RoB Tools). Nine standard criteria are used for all RCTs, CCTs and
CBAs (Yes, No or Unclear).
1.
2.
3.
4.
5.
6.
7.
8.
9.

Was the allocation sequence adequately generated?
Was the allocation adequately concealed?
Were baseline outcome measurements similar?
Were baseline characteristics similar?
Were incomplete outcome data adequately addressed? (each primary outcomes
can be scored separately)
Was knowledge of the allocated interventions adequately prevented during the
study?
Was the study adequately protected against contamination?
Was the study free from selective outcome reporting?
Was the study free from other risks of bias?

Seven standard criteria are used for all ITS studies (Yes, No, Unclear).
1. Was the intervention independent of other changes?
2. Was the shape of the intervention effect pre-specified?
3. Was the intervention unlikely to affect data collection?
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4. Was knowledge of the allocated interventions adequately prevented during the
study (each primary outcome can be assessed separately)?
5. Were incomplete outcome data adequately addressed?
6. Was the study free from selective outcome reporting?
7. Was the study free from other risks of bias?
Measures of Treatment Effect
For continuous data (in the RCTS, CCTs and CBAs), where baseline data are
accessible, we will report pre-intervention and post-intervention means for both
intervention and control groups and calculate the absolute change from baseline
(this is the change in intervention group values minus change in control group
values), along with standard deviations and 95% confidence intervals. When
baseline data are not available, we will express results as the relative percentage
change (difference between post-intervention values in the intervention and control
groups expressed as a percentage of post-intervention values in the control group).
For continuous data in ITS studies, we will calculate relative and absolute mean
difference in before and after values. For any discrete variables we will present the
risk ratio of the outcome in the intervention group compared to the control group.
We will also calculate the risk difference (absolute risk reduction), which is the
absolute difference in outcome rates between the intervention and control treatment
groups. We will consult a statistician to confirm the approach to analysis and
measurement of treatment effect once the included studies have been identified.
This is particularly the case where there is dichotomous outcome data provided from
cross-over trials. This is a similar approach to measuring treatment effect as was
used in a recent systematic review of school-feeding interventions (Kristjansson
2007).
Unit of Analysis Issues
Studies which allocate by either whole schools or classroom clusters can have unit of
analysis issues if between-cluster correlations are not adequately adjusted for. In
cluster-randomized trials, it is not uncommon for the school or classroom to be the
unit of randomization, and yet the data are analyzed at the individual student level
(Whiting-O'Keefe 1984). There are other issues in cross-over trial designs, especially
if cross-over trials are included in a meta-analysis and measurements from two or
more intervention periods are combined as if it were a parallel-group trial design. In
general, there is increased possibility for errors in analysis when there are studies
with repeated observations on participants, events that re-occur, multi-intervention
groups or multi-attempts at an intervention.
We will pay special attention to the unit of randomization, unit of analysis and
underlying design issues for each included study, particularly identifying those
studies with cross-over and clustered designs. We will assess whether or not analysis
and reporting were appropriately done. JS will lead the assessment of unit of
analysis issues. We will make decisions about whether or not to include studies with
potential errors in analysis by consensus with the review authors, and consultation
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with a statistician where necessary. We will use the following questions to guide our
decision:
1. What is the unit of analysis issue?
2. Can the issue be corrected by the review authors (for example, the Cochrane
Handbook for Systematic Reviews of Interventions gives some guidance to
review authors if a study will be included in a meta-analysis and the original
analysis did not adequately adjust for clustering (section 8.11.2.4 Higgins
2008)).
3. Does the unit of analysis issue impact all aspects of the results and analysis or
only parts of it?
4. Does the unit of analysis issue represent an error that would warrant exclusion
if all other aspects of the study indicated inclusion? Could some aspects of the
study be used?
Dealing with Missing Data
We will contact study authors if methodological details or statistical data are
missing. Authors will be given 30 days to respond. If further information cannot be
retrieved, we will note that details are unclear on data extraction and critical
appraisal forms and note this information in our published review. We will exclude
articles with significant missing data from analysis.
Assessment of Heterogeneity
We will make all attempts to undertake a meta-analysis. However, we predict that
because late start interventions can vary (especially around the time of start and the
time difference between the late start and its comparison group) and because
outcomes of interest will vary across studies, it is likely that meta-analysis will not be
possible due to heterogeneity. We will only pool studies if they report the same
primary outcome and are sufficiently homogeneous in design. As in the systematic
review by Kristjansson 2007, to assess homogeneity we will first use sound scientific
judgment to determine the degree of similarity in interventions, participants or
outcomes. If a decision is not obvious, we will visually examine forest plots for
outliers and between-study differences and perform a Chi² test for heterogeneity
(where P ≤ 0.1 will be taken to indicate significant heterogeneity).
Assessment of Reporting Biases
We recognize that reporting bias can occur via many routes (e.g. biases associated
with publication and non-publication, rapid or delayed publication, multiple
publication, the ease of access of publications, publications in certain languages, the
citation or non-citation of research findings depending on their nature and direction
and the selective reporting of outcomes) and can lead to the over-optimistic
estimates of intervention effects. Our search strategy is sufficiently comprehensive
so as to increase opportunities to identify all studies that meet the inclusion criteria.
We will use a funnel plot (a scatter plot of the intervention effect estimates) if we
have sufficient numbers of included studies. We will use appropriate techniques to
assess asymmetry (guided by chapter 10 in Higgins 2008).
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Meta-analysis
If studies are found to be homogeneous (with respect to population, intervention,
control group, outcome measure and design) and sufficient data are available for
one or more of the primary outcomes, the following will take place:
1. we will input data into Review Manager 5;
2. we will plot effect sizes with 95% confidence intervals;
3. we will estimate overall effect size using meta-analysis.
If a meta-analysis is possible, we will conduct a separate analysis for different study
designs (RCTs, CCTs, CBA studies and ITS studies). A similar approach was taken by
Joyce (2009). If useful and if sufficient studies are available, we will also conduct
meta-regression to look at the relationship between size of effect and characteristics
of the different subgroups. Characteristics of interest will include gender, age and/or
grade, and indicators of socioeconomic status and ethnicity.
Summary Tables
Whether or not a meta-analysis is possible, we will present findings in tabular form.
We will include tables that give basic details for included studies (numbers of
students, start times, numbers of different types of outcomes measured, types of
schools, etc.). We will present a 'Summary of findings' in tabular form for each
primary outcome. We will also present a 'Summary of findings' for the risk of bias
assessment (using the EPOC Risk of Bias Assessment Tools) in a table. In addition,
we will also use and report findings from the generic framework for assessing
evidence quality from the GRADE Working Group (Guyatt 2011). We will assess
study limitations (no serious limitations, serious limitations, very serious
limitations) and quality of evidence (high, moderate, low or very low) for single
studies, the group of included studies and, where data are sufficient, for each of the
primary outcome across studies. Indeed, one benefit of the GRADE framework is
that it can guide review authors in the assessment of evidence quality for individual
outcomes rather than pooling the assessment over a number of outcomes within a
single study. This is key in studies where limitations may influence findings for one
outcome but not similarly for others.
Narrative Summary
We will also use a narrative summary. The narrative summary will include the
following:
•

A description of the types of interventions in the included studies with any
details available about their implementation (some of this may be taken from
rigorous qualitative companion studies which will be analyzed thematically).

•

A description of the outcomes measured in the included studies and what might
be perceived as obvious omissions.
Any context details for the included studies that are available in the quantitative
or rigorous qualitative literature or made available by contacting the study
authors (e.g. school geographic location, socioeconomic or ethnicity details for
the school or region, transportation options, potentially relevant details about
broader social, political, climatic and geographic conditions etc).

•
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•

•
•
•

A review of findings divided by outcome and, where possible, reported by age,
grade, gender, student body by ethnicity and socioeconomic status, and the
existence of other school- or community-based interventions. We will approach
the authors of included studies requesting these data if they are indicated but
not available in the published articles or reports.
A description of any adverse outcomes or potential harms found.
Perceived strengths, weaknesses and contributions of each included study with
specific emphasis on how it supports or detracts from health equity.
Any mention of financial costs associated with later start interventions (this will
not be a complete cost-benefit analysis).

As cautioned in Deeks 2008, we will aim to avoid introducing bias into the narrative
synthesis by reporting the results of each study judiciously and make efforts to avoid
inappropriate emphasis on the findings of any one particular study.
Report on Practical Significance
In addition to reporting statistical significance, we will also discuss 'clinical' or
practical significance. With respect to sleep, for example, average nightly sleep gain
of as little as 30 minutes has been found to positively impact education, health and
well-being outcomes in adolescents where total nightly sleep times are below ideal
levels (Sadeh 2003). A study may indicate that there is a statistically significant
difference of 10 minutes in sleep per school night between intervention and control
groups. This may have very little practical significance; however, as the time
difference is very small. For other outcomes, such as indicators of alertness, mental
health or academic success, even small statistically significant differences could have
real value for students and schools. We will discuss these practical implications.
Report on Equity
We are using the Cochrane Collaboration Equity Field's Equity Checklist for
Systematic Review Authors - 2009 to guide us as we aim to promote and support
health equity in the conduct and completion of this review. We will dedicate a
section of the discussion and review findings to the potential implications for health
equity as well as whether there are research needs that have become evident in the
conduct of the review that are specific to promoting health equity.
Subgroup Analysis and Investigation of Heterogeneity
We will assess heterogeneity among studies first using sound judgment (examining
study design, participants, details of the intervention and measured outcomes). If
the decision is uncertain we will examine forest plots for outliers and areas of
overlap and perform a Chi² test for heterogeneity (where P ≤ 0.1 will be taken to
indicate significant heterogeneity). If heterogeneity exists, we will examine potential
sources using meta-regression to look at the relationship between size of effect and
characteristics of the different population subgroups and interventions.
Characteristics of interest will include gender, age and/or grade, indicators of
socioeconomic status and ethnicity, and time of school start, where available.
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Sensitivity Analysis
We will conduct comparative analysis to test for sensitivity of the results of the
review by:
•
•
•
•
•
•

18

comparing results if we include studies that may have been excluded because
only the abstract could be found (where some data and results are provided in
the abstract);
comparing results if we include studies that may have been excluded due to age
range of participants (for example, a study may have included primary as well
as secondary school students);
comparing results that may have been excluded due to potentially confounding
co-interventions (e.g. where a school adopted a later start as well as another
intervention like a breakfast program);
determining whether results differ when studies at high risk of bias are
excluded;
for dichotomous outcome variables, comparing results if relative risk ratios,
odds ratios or risk differences are used; and
for continuous outcome variables, where several scales have been used for
measurement, comparing results if standard mean differences are calculated
across all the scales or for each scale independently. We will also compare
results if change scores or final values are used.
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Appendix
MEDLINE sample search strategy
Database: Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid
MEDLINE(R) <1948 to Present>
1. Adolescent/
2. Students/
3. teen$.ab,ti.
4. adolescent$.ab,ti.
5. high school students.ab,ti.
6. "young person$".ab,ti.
7. "young people".ab,ti.
8. youth$.ab,ti.
9. Schools/
10. high school education.ab,ti.
11. secondary education.ab,ti.
12. secondary school.ab,ti.
13. "junior high school$".ab,ti.
14. middle school$.ab,ti.
15. "senior high school".ab,ti.
16. "high school$".ab,ti.
17. (start* adj3 tim*).ab,ti.
18. (late* adj3 start*).ab,ti.
19. (earl* adj3 start*).ab,ti.
20. (delay* adj3 start*).ab,ti.
21. (delay* adj3 time*).ab,ti.
22. (stagger$ adj3 start$).ab,ti.
23. (stagger$ adj3 tim$).ab,ti.
24. (split$ adj3 shift$).ab,ti.
25. (double adj3 session$).ab,ti.
26. (start$ adj2 school$).ab,ti. (415)
27. (tim$ adj2 school$).ab,ti. (704)
28. (time$ adj3 day).ab,ti. (22683)
29. (begin$ adj3 day).ab,ti. (3741)
30. (start$ adj3 day).ab,ti. (6323)
31. ((double$ or morning or afternoon or evening or different) adj3 shift$).ab,ti.
32. (tim$ adj3 learn$).ab,ti.
33. ((earl$ or late$ or school$) adj3 schedul$).ab,ti.
34. Wakefulness/
35. sleep.ab,ti.
36. chronobiology.ab,ti.
37. "human biological rhythm$".ab,ti.
38. circadian.ab,ti.
39. "phase shift".ab,ti.
40. or/1-8
41. or/9-16
42. or/17-39
43. 40 and 41 and 42
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