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ABSTRACT 

Arne Duncan, US Secretary of State for Education, tweeted in 2013: ‘let teens sleep, start school 

later’. This paper examines early starts and their negative consequences in the light of key research 

in the last 30 years in sleep medicine and circadian neuroscience. An overview of the circadian 

timing system in adolescence leading to changes in sleep patterns is given and underpins the 

conclusion that altering education times can both improve learning and reduce health risks. Further 

research is considered from education, sleep medicine and neuroscience studies illustrating these 

improvements. The implementation of later starts is briefly considered in light of other education 

interventions to improve learning. Finally, the impact of introducing research-based later starts 

synchronized to adolescent biology is considered in practical and policy terms. 
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INTRODUCTION 

Time is a fundamental variable in human biology and in education, yet currently the two disciplines 

measure time in different ways. For the educator, student development is defined by age and the 

daily timetable by social conventions that vary between countries, regions and even individual 

schools. In contrast, biological time is measured in developmental changes in the body, and over the 

day by our internal biological clock. It is no surprise given the relative novelty of mechanical clocks in 

evolutionary timescales that our ability to function optimally, including in learning, varies with 

biological time rather than conventional social times.  

When social time and biological time are more closely aligned, as in the early years of education, this 

distinction is not critical. In contrast, in late adolescence the conflict between social time and 

biological time is greater than at any point in our lives. During adolescence biological changes dictate 

both a sleep duration of nine hours and later wake and sleep times, a phenomenon found in other 

mammals (Hagenauer et al., 2009; Rüger et al., 2012). At its peak the combination of these two 

biological changes leads to a loss of two to three hours sleep every school day. Thus, a 07:00 alarm 

call for older adolescents is the equivalent of a 04:30 start for a teacher in their 50s. Failure to adjust 

education timetables to this biological change leads to systematic, chronic and unrecoverable sleep 

loss. This level of sleep loss causes impairment to physiological, metabolic and psychological health 

in adolescents while they are undergoing other major physical and neurological changes (Hansen et 

al., 2005; Giedd, 2009; Giedd et al., 2012; Sawyer et al., 2012; Sørensen et al., 2012; Foster et al., 

2013). 

The impact of early school times on adolescents is not understood by most educators: a common 

belief is that adolescents are tired, irritable and uncooperative because they choose to stay up too 

late, or are difficult to wake in the morning because they are lazy. Educators tend to think that 

adolescents learn best in the morning and if they simply went to sleep earlier, it would improve their 

concentration. These assumptions reflect societies’ prejudice in favour of early risers in adulthood, 

exemplified by the proverb:  

Early to bed, early to rise  

Makes a man healthy, wealth and wise 

This belief finds expression in many cultures, and even in today’s business world (Czeisler, 2006; 

Roenneberg, 2012). Such conventional wisdom lies behind the misconception that adolescents need 

to be trained to rise early and to go to sleep early. The truth is that adults need to be educated to 

adjust to another significant change in adolescents during puberty: a major biological shift in their 

sleep patterns. 

 

THE CIRCADIAN TIMING SYSTEM, SLEEP AND ADOLESCENCE: LEARNING, MOOD AND HEALTH  

Like most life on earth, our physiology and behaviour shows a 24-hour rhythm. Every cell in the body 

has cellular oscillators, and these need to function in synchrony with each other and with the 

environmental day. This is achieved via a master circadian (24-hour) pacemaker located in the 

suprachiasmatic nuclei (SCN) of the hypothalamus. The SCN is entrained to the environmental light–

dark cycle by specialized photoreceptors within the eye (Foster and Hankins, 2007; Lockley and 

Foster, 2012). The SCN in turn co-ordinates the activity of the entire circadian network and most 24-

https://www.researchgate.net/publication/259982065_Internal_Time_Chronotypes_Social_Jet_Lag_and_Why_You're_So_Tired?el=1_x_8&enrichId=rgreq-f3d7018efd22834d6b22588905a9a98e-XXX&enrichSource=Y292ZXJQYWdlOzI3MTk5MTkxMjtBUzoyMTY3MzAxMjgzOTIxOTJAMTQyODY4Mzg5ODAxNg==
https://www.researchgate.net/publication/253647746_Sleep_and_Circadian_Rhythm_Disruption_in_Social_Jetlag_and_Mental_Illness?el=1_x_8&enrichId=rgreq-f3d7018efd22834d6b22588905a9a98e-XXX&enrichSource=Y292ZXJQYWdlOzI3MTk5MTkxMjtBUzoyMTY3MzAxMjgzOTIxOTJAMTQyODY4Mzg5ODAxNg==
https://www.researchgate.net/publication/253647746_Sleep_and_Circadian_Rhythm_Disruption_in_Social_Jetlag_and_Mental_Illness?el=1_x_8&enrichId=rgreq-f3d7018efd22834d6b22588905a9a98e-XXX&enrichSource=Y292ZXJQYWdlOzI3MTk5MTkxMjtBUzoyMTY3MzAxMjgzOTIxOTJAMTQyODY4Mzg5ODAxNg==
https://www.researchgate.net/publication/232611401_Human_phase_response_curve_to_a_single_65_h_pulse_of_short-wavelength_light?el=1_x_8&enrichId=rgreq-f3d7018efd22834d6b22588905a9a98e-XXX&enrichSource=Y292ZXJQYWdlOzI3MTk5MTkxMjtBUzoyMTY3MzAxMjgzOTIxOTJAMTQyODY4Mzg5ODAxNg==
https://www.researchgate.net/publication/230712969_Review_Magnetic_resonance_imaging_of_malefemale_differences_in_human_adolescent_brain_anatomy?el=1_x_8&enrichId=rgreq-f3d7018efd22834d6b22588905a9a98e-XXX&enrichSource=Y292ZXJQYWdlOzI3MTk5MTkxMjtBUzoyMTY3MzAxMjgzOTIxOTJAMTQyODY4Mzg5ODAxNg==
https://www.researchgate.net/publication/224854529_Adolescence_A_foundation_for_future_health?el=1_x_8&enrichId=rgreq-f3d7018efd22834d6b22588905a9a98e-XXX&enrichSource=Y292ZXJQYWdlOzI3MTk5MTkxMjtBUzoyMTY3MzAxMjgzOTIxOTJAMTQyODY4Mzg5ODAxNg==
https://www.researchgate.net/publication/224052011_Recent_Secular_Trends_in_Pubertal_Timing_Implications_for_Evaluation_and_Diagnosis_of_Precocious_Puberty?el=1_x_8&enrichId=rgreq-f3d7018efd22834d6b22588905a9a98e-XXX&enrichSource=Y292ZXJQYWdlOzI3MTk5MTkxMjtBUzoyMTY3MzAxMjgzOTIxOTJAMTQyODY4Mzg5ODAxNg==
https://www.researchgate.net/publication/26824397_Linking_Adolescent_Sleep_Brain_Maturation_and_Behavior?el=1_x_8&enrichId=rgreq-f3d7018efd22834d6b22588905a9a98e-XXX&enrichSource=Y292ZXJQYWdlOzI3MTk5MTkxMjtBUzoyMTY3MzAxMjgzOTIxOTJAMTQyODY4Mzg5ODAxNg==
https://www.researchgate.net/publication/26311119_Adolescent_Changes_in_the_Homeostatic_and_Circadian_Regulation_of_Sleep?el=1_x_8&enrichId=rgreq-f3d7018efd22834d6b22588905a9a98e-XXX&enrichSource=Y292ZXJQYWdlOzI3MTk5MTkxMjtBUzoyMTY3MzAxMjgzOTIxOTJAMTQyODY4Mzg5ODAxNg==
https://www.researchgate.net/publication/7812349_The_Impact_of_School_Daily_Schedule_on_Adolescent_Sleep?el=1_x_8&enrichId=rgreq-f3d7018efd22834d6b22588905a9a98e-XXX&enrichSource=Y292ZXJQYWdlOzI3MTk5MTkxMjtBUzoyMTY3MzAxMjgzOTIxOTJAMTQyODY4Mzg5ODAxNg==
https://www.researchgate.net/publication/7812349_The_Impact_of_School_Daily_Schedule_on_Adolescent_Sleep?el=1_x_8&enrichId=rgreq-f3d7018efd22834d6b22588905a9a98e-XXX&enrichSource=Y292ZXJQYWdlOzI3MTk5MTkxMjtBUzoyMTY3MzAxMjgzOTIxOTJAMTQyODY4Mzg5ODAxNg==
https://www.researchgate.net/publication/6755603_Sleep_deficit_the_performance_killer_A_conversation_with_Harvard_Medical_School_Professor_Charles_A_Czeisler?el=1_x_8&enrichId=rgreq-f3d7018efd22834d6b22588905a9a98e-XXX&enrichSource=Y292ZXJQYWdlOzI3MTk5MTkxMjtBUzoyMTY3MzAxMjgzOTIxOTJAMTQyODY4Mzg5ODAxNg==


Synchronizing education to adolescent biology: ‘let teens sleep, start school later’ 
Kelley, Lockley, Foster and Kelley 

 

3 
 

hour behavioural, metabolic and physiological rhythms including alertness and performance, 

hormones, core body temperature, metabolism and the different rhythms in key organs such as the 

lungs, liver and heart (Hilton et al., 2001; Hastings, Reddy, and Maywood, 2003). If this entrainment 

pathway is disrupted at any point, then the biological clocks in different tissues can become 

uncoupled, resulting in a state of internal desynchrony of the 24-hour oscillator network (Foster et 

al., 2013).  

The sleep–wake cycle is the most familiar 24-hour cycle, but involves more than the SCN. Indeed, 

sleep is a highly complex state arising from an interaction between multiple brain regions, 

neurotransmitter pathways and hormones, none of which are exclusive to the generation of sleep. 

This complexity makes sleep very vulnerable to disruption. As a result, small changes in the brain 

during development can have a big impact upon sleep, and abnormal sleep will in turn feedback and 

impact upon health. This is what occurs as a consequence of abnormal sleep that arises from the 

systemic, chronic and unrecoverable sleep loss when education start times are too early. 

The sleep–wake cycle arises from the interplay of the circadian rhythm generated by the SCN 

pacemaker (alertness) and a homeostatic sleep cycle which increases the pressure to go to sleep 

with increasing time awake (sleepiness), and dissipates this pressure with increasing time asleep. 

These processes work in opposition to maintain consolidated wake during the day, and a 

consolidated sleep during the night. 

Their interaction also generates a ‘wake maintenance zone’ (WMZ) which, paradoxically, occurs 

several hours before sleep is typically initiated (Dijk and Czeisler, 1995; Shekleton et al., 2013). This is 

a major factor in the sleep difficulties experienced by adolescents. In the early evening, the 

homeostatic drive for sleepiness is usually too low to fully counteract the circadian drive for 

alertness, resulting in several hours where it is very difficult to fall asleep. In adolescence the timing 

of the circadian clock shifts later, delaying the phase at which sleep can be initiated, and pushing the 

WMZ later into the evening. The homeostatic regulation of sleep also changes such that the build-up 

of sleep pressure becomes slower, meaning that it takes a longer time to reach the critical threshold 

required to initiate sleep, which also contributes to a later sleep time. The WMZ is the reason why 

we, including adolescents, cannot simply choose to go to sleep earlier than normal, as the brain is 

still promoting wakefulness at that time. 

These biological changes in the timing of sleep propensity underlie the conflict with education start 

times; the brain will not allow students to go to sleep early but education times still require 

adolescents to wake (or be woken) too early in their circadian cycle, systematically restricting the 

time available for sleep and causing severe and chronic sleep loss. In turn, short sleep duration and 

chronic sleep deprivation are sleep disruptions that have been linked to negative impacts on 

cognition, emotional and physical health (Lockley et al., 2004). 

A recent review cited studies showing that restricted sleep was associated with impaired immune 

response, metabolic disorders, diabetes, hypertension, anxiety, depression and obesity (Luyster et 

al., 2012). The general conclusion of this review was that sleep of less than six hours’ duration was 

potentially harmful. This conclusion was supported in a recent elegant experiment showing the 

negative impact on the body of a single week with 5.7 hours sleep a night (compared to controls 

sleeping 8.5 hours), identifying 711 genes up- or down-regulated by insufficient sleep, and a highly 

significant impact on genes with circadian expression profile (Möller-Levet et al., 2013). 

Adolescents also show the impact of short sleep duration and chronic sleep deprivation. Adolescent 

studies found poor communication, decreased concentration and cognitive performance, 
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unintended sleeps, decreased motor performance, increased risk taking and changes in mood 

pattern, specifically depression (Millman, 2005; Knutson et al., 2007; Hagenauer et al., 2009; Foster 

et al., 2013; de Souza and Hidalgo, 2014). This is hardly surprising, given that older teenagers show 

the largest discrepancy in sleep duration between free days and workdays of any age group, 

combined with a need for a longer sleep duration than adults. Other studies have shown that short 

sleep duration has a pervasive negative impact on their learning and academic performance (Curcio, 

Ferrara and De Gennaro, 2006), including poor grade performance and poor long-term memory 

encoding (Carskadon, 2011). These studies reflect research with adults summarized in Table 1 

(Foster and Wulff; 2005; Wulff et al., 2011). 

There are other demonstrations that short sleep duration in adolescence on this scale impacts on 

alertness and performance. Adolescent drivers have a peak rate of accidents in the morning 

(Czeisler, 2009), unusual in older drivers, which illustrates the functional impact of waking at an 

adverse circadian phase and without enough sleep. When a school district in Kentucky moved school 

times an hour later students reported sleeping an hour longer, and not staying up later. The impact 

on school day car crashes involving 17–18-year-old drivers was significant: while the state-wide rate 

went up 7.8%, the rate for drivers in the school district went down 16.5% (Danner and Phillips, 

2008), a finding replicated in Virginia (Vorona et al., 2011). 

Table 1. The impact of severe sleep disruption 
Cognitive responses Emotional Responses Somatic responses 

Reduced: Increased: Increased risk of: 

Concentration  
Performance 
Attention 
Memory encoding 
Memory consolidation  
Multi-tasking 
Decision-making 
Creativity 
Socialization 
Communication 
Empathy 

Motor skills mistakes 
Stimulant use 
Sedative use 
Alcohol use/ misuse 
Exhaustion 
Irritability 
Mood fluctuations 
Anxiety 
Depressed mood 
Impulsivity  

Metabolic abnormalities 
Diabetes II 
Weight gain 
Disorders of the HPA axis 
Reduced immunity 
Drowsiness 
Micro-sleeps 
Unintended sleep 
Body sensations of pain /cold 
Hypertension  

 

From a wider perspective, in modern societies sleep loss and sleep deprivation have reached 

epidemic levels. A recent review of the difference between work/education schedules and biological 

time quantified the extent of this sleep deficit at different ages (Foster et al., 2013). In an 

international survey (N ∼ 150,000), questionnaire-based assessments of chronotype show a rapid 

rise in eveningness throughout adolescence, occurring earlier in girls and coincident with earlier 

onset of puberty. These changes slowly reverse in early adulthood (starting at mean of 20.2 years), 

when chronotype begins to advance again, and wake times start to become earlier (Roenneberg et 

al., 2004). 

There is also a radical decline of sleep duration from the beginning of puberty (Figure 1). Previous 

reports measuring sleep duration over the whole week during term time masked the size of this 

problem by failing to separate working days and weekends or reporting sleep in the summer. 

Interestingly, when there is no interference from education, adolescents’ sleep during the week 

matched their weekend sleep (Hansen et al., 2005; Jenni, Achermann, and Carskadon, 2005). The 

cause of this decline in sleep duration is shown in the difference between sleep on education/work 
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days and free days. On education days the difference reaches almost three hours in late puberty 

(Figure 1). This scale of sleep loss cannot be recovered at weekends, as illustrated by simple 

arithmetic: losing three hours sleep per day in the week would need more than 15 hours additional 

hours of sleep per night on the weekend which is both physically and practically impossible. 

Advances in understanding sleep and circadian regulation, and the negative consequences of missing 

two to three hours of sleep a day to meet the demands of education time, give us a new 

understanding of adolescent behaviour. We now know it is their biological clocks, not laziness, that 

keeps them in bed in the morning and up late at night. Fortunately, the problems of short sleep 

duration and sleep deprivation caused by education time is one that can be solved by synchronizing 

adolescent education time to adolescent biology. 

 

OTHER EDUCATIONAL CONSIDERATIONS 

Although addressing early start times and consequent shorter sleep duration is the key to 

synchronizing education to adolescent biology, there are other issues that arise from an educational 

perspective. Four of these are briefly considered here: memory and sleep; time-in-day differences; 

individual differences and chronotype; and sleep education. 

Sleep has a critical role in long-term memory consolidation (Stickgold, 2005; Diekelmann and Born, 

2010) and disrupting sleep can prevent long-term memory formation (Stickgold, James and Hobson, 

2000). In an elegant study, Walker and Stickgold (2010) demonstrated that taught visual 

discrimination, skills were stabilized after subjects slept, but not after the same, number of hours 
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awake. Surprisingly they also found that skills actually improved following sleep with no additional 

instruction at all, whereas the non-sleep group performance did not, a phenomenon also found in 

other species (Menzel et al. 2001). Sleep also enables insight into problems (Wagner et al., 2004). 

Interestingly, when a memory is being encoded indicating its importance for future use in a test 

appears to increase the likelihood of that memory being consolidated in sleep (Wilhelm et al., 2011). 

Our understanding of specific memory functions and neurobiological processes in sleep is increasing, 

yet there remain many issues requiring further research (Chauvette, Seigneur and Timofeev, 2012; 

Grosmark et al., 2012).  

Individual differences in sleep/wake patterns are generated by biological factors. For example, a 

more evening-like behaviour preference (eveningness chronotype) can be generated by a later 

timing in the circadian cycle or a slower build-up and dissipation of sleep pressure, or both, whereas 

a more morning-like cycle (morningness chronotype) may be due to an earlier circadian phase and a 

more rapid build-up and dissipation of sleep pressure. These chronotypes can be relatively stable in 

adulthood and are influenced by genetic disposition and sex (Toh et al., 2001; Roenneberg et al., 

2004, 2007), with females tending to be more ‘morning type’ due to a tendency to have a shorter 

circadian period (Duffy et al., 2011). During adolescence students naturally wake later and are alert 

later in the day, as a group becoming much more likely to be eveningness chronotypes. The circadian 

effects mean attention changes with the time in the day, with later times associated with both 

eveningness chronotypes and better attention. Matchock and Mordkoff (2009) found that in late 

adolescence general attentional scores for all chronotypes were significantly low at 08:00 and twice 

as high at 12:00, 16:00 and 20:00. Similarly, adolescents perform better in tests later in the day 

(Hansen et al., 2005; Hahn et al., 2007; Carrell, Maghakian and West 2011). These effects are easy 

for educators to explore within schools. For example, as part of a study moving start times to 10:00, 

students aged 13–14 were given a word pairs test at 10:00 and 14:00, and performed better when 

tested later (Kelley and Lockley, 2013) (Figure 2).  
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Many studies report similar time-in-day effects in performance on a wide range of cognitive tasks 

measuring attentional capacities, executive functioning and memory (Goldstein et al., 2007; Schmidt 

et al., 2009; Haraszti et al., 2014). Hahn et al., (2007) showed these issues were important even in 

the early transition to adolescence. Taken together, research to date suggests adjusting time-in-day 

of educational tasks to adolescent wake/sleep patterns and chronotypes is likely to be beneficial.  

Evidence for specific groups within a population is less often the subject of research, whether groups 

are defined by biological or social factors. The group at the greatest disadvantage in early starting 

education systems is those with the latest eveningness chronotype, since they have the greatest 

time misalignment between their biological time and education time. This is reflected in research, 

with small performance deficits at the beginning of puberty and much greater differences near the 

end of puberty as the gap increases. A study in Spain showed for students aged 12–16 years evening 

types performed significantly worse than other chronotypes (Escribano et al., 2012). In Germany, 

evening type students in high school showed significantly more use of stimulants and depressants 

associated with managing sleep such as coffee, cola, alcohol and nicotine when compared with 

morning-type students (Preckel et al., 2013). In Baden-Württemberg, a study found highly significant 

differences in Abitur scores (used for German university entrance) with evening types having lower 

performance (Randler and Frech, 2006). Other studies show that evening-type adolescents may have 

increased risk of health and mental health problems (Giannotti et al., 2002; Hsu et al., 2012). Such 

findings are consistent with other research on adolescents as a group showing the very rapid impact 

of shorter sleep duration on neurobehavioural performance (Möller-Levet et al., 2013), and the high 

incidence of clinical diagnoses of mental health issues during adolescence (Wulff et al., 2011). For 

example, in circadian rhythm sleep disorders (ICSD-II), the prevalence of delayed sleep phase type 

has been calculated as 7–16% of US adolescents and young adults (15–24 years of age), or more 

than 2.9 million cases (Kelley and Lockley, 2013). 

Education in sleep management for students, families and teachers to address societal factors that 

can cause delayed or eroded sleep can make an additional contribution to improving adolescent 

sleep. It is important that sleep education includes the clear evidence that family approaches to 

sleep regulation can be beneficial in mitigating the role of shortened sleep in depression and suicidal 

ideation (Gangwisch et al., 2010). Information about 24/7 access to screen-based technologies 

emitting light, particularly blue wavelength- enriched light which acts to increase alertness and delay 

sleep onset, is crucial in the short term until the technology companies address this fault (Rüger et 

al., 2012). Good sleep hygiene and a lively awareness of cultural, societal and sex differences in 

onset and impact of later wake–sleep patterns are also important elements in sleep education. 

 

LATER STARTS IN SCHOOLS  

Synchronizing education start times to adolescent biology is the obvious way to address the problem 

of chronic sleep deprivation currently experienced by adolescents on school days. Astronomical time 

data and changes in sleep patterns from international studies show at the age of 10 biological wake 

time is about 06:30, so synchronized school starting times would be 08:30-09:00. At the age of 16 

biological wake time is about 08:00, and synchronized school start times 10:00–10:30, and at 18 

biological wake time is about 09:00, and synchronized education start times 11:00–11:30 (Kelley and 

Lockley 2013). Unfortunately almost all previous studies of later school start times used times before 

09:00, an approach that significantly underestimated the scale of change needed. Yet even these 

small changes to times before 09:00 have shown benefits that have led many researchers to call for 

a change to later start times (for example, Hansen et al., 2005; Jenni, Achermann and Carskadon, 
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2005; Czeisler, 2009; Giedd, 2009; Hagenauer et al., 2009; Foster et al., 2013). The strength of the 

evidence is such that it has led to later start times in some education institutions, and significant 

advocacy activity by organizations and individuals for systemic change in start times in schools. 

Kirkby, Maggi, and D’Angiulli (2011) in a comprehensive review of later start times concluded that 

the benefits of later starts included better sleep, health and learning, and the benefits were an 

‘enormous potential payoff’ for the organizational costs involved. Jacob and Rockoff (2011) in a 

review of later start times came to a similar conclusion, asserting they offered major learning 

improvements from a very well-researched intervention with little or no associated costs. Large-

scale studies consistently indicate positive effects of later starts in education, and this occurs 

throughout the adolescent age range as measured using different tests of achievement. A powerful 

additional source of evidence is that positive outcomes were found whether or not later starts were 

implemented to address sleep issues, or the timing changes were consistent for all students. Even in 

the early stages of puberty (US grades 6–8 or 11–14 years of age) there is evidence that later start 

times begin to have an effect on academic outcomes. In a study of data from Wade County, North 

Carolina, it was possible to compare outcomes within schools with variation in start times across 

schools because of changes in transport arrangements in the county (Edwards, 2012). Analysing 

large cohorts (n > 4000), a start time of an hour later had a significant two-percentile point gain in 

state-wide maths test scores and similar changes in reading. There were two distinctive findings in 

the study: first, the benefits were greater for those students at the lower end of distribution of test 

scores; second, the two-percentile gain in grade 8 scores remained two years later in grade 10. 

In one of the first large studies based on sleep science research, seven comprehensive high schools 

in the Minneapolis Public School District moved the school start time from 07:15 to 08:40 

(Wahlstrom, 2002). This study used data on more than 50,000 students collected before and after 

the time changed, and was recently replicated in schools in three different states (Wahlstrom et al. 

2014). The self-reported student evidence indicated that students liked the change, slept an hour 

longer compared to students in two other similar school districts, and reported their attendance, 

achievement, behaviour and mood improved. Unlike most studies, the assessment included data on 

a very wide range of variables, including detailed responses from parents. Parents were very positive 

about the later start, with 92% liking the change and reporting that their children were easier to live 

with and families had more conversation time (CAREI, 2002). 

The impact of early starts was the subject of a particularly compelling case study of the United States 

Air Force Academy where researchers looked at academic performance of first-year students (18–19 

years old) during a three-year period when the start times changed each year in a 07:00–07:50 range 

(Carrell, Maghakian and West, 2011). The academy used randomized placement of students to 

instructors and classes, and only some students would have a class at the start times on any 

particular day, while the rest had additional free time (n = 6165). The later the start times of courses 

for individual students, the better those students performed in the course overall. The significance 

of student improvement was equivalent to 1 standard deviation improvement in teacher quality. 

Interestingly researchers found that students assigned to start classes prior to 08:00 performed 

worse not only in their first period course, but in all of their courses on that day. Moreover, the size 

of the effect was substantial, with a 1-hour delay associated with a 0.15 standard deviation increase 

in performance. The researchers contextualized this change comparing it to the 1.0 standard 

deviation difference between black and white students in the USA. The underlying science of this 

time-in-day effect arises from waking too early in the biological circadian cycle, the eveningness of 

older adolescents and the day-long impact of this on cognition (Lockley et al., 2008; Scheer et al., 

2008). These findings of particularly poor performance in the first period are supported by analysis 
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of data from 82 Chicago high schools showing similar poor performance in early first period lessons 

(Cortes, Bricker and Rohlfs, 2010). 

There have been schools and universities that have moved starting times to 10:00 am and later (for 

example, London University’s School of Media, Arts and Design starts at 10:30) although most have 

not been the subject of formal studies. One school in New Zealand changed the start times for 

students aged 16 or over to 10:30, and analysis showed 14–15-year-old students in the same school 

(starting at 09:00) reported more sleep loss, more difficulty getting up (p < .001) and were 

significantly less likely to report waking after 07:00 on weekdays (p < .0001) than older students 

starting at 10:30 (Borlase, Gander and Gibson, 2013). Sakarya University in Turkey has two full 

academic sessions a day (08:00–14:50 and 15:00–21:50), and academic achievement varies by 

session and chronotype. Most examinations are at 09:30 and both teaching and test start times 

impact on academic performance, with eveningness types achieving better outcomes in the later 

session and worse in examinations held early in the day (Beşoluk, Onder and Deveci, 2011). 

Surprisingly, Shekleton et al. (2013) found general performance was better in the WMZ than earlier 

in the day. These data suggest that exploration of an upper time limit could be valuable in 

determining the appropriate end of the education day or educational provision for groups of 

adolescents. The success of Asian and other education systems appear to have in classes in the early 

evening may also be an indication that times up to 20:00 are potentially very productive in 

adolescent learning. 

Studies of later start times have consistently reported benefits to adolescent sleep, health and 

learning using a wide variety of methodological approaches. In contrast there are no studies showing 

that early starts have any positive impact on sleep, health or learning. 

 

IMPLICATIONS FOR EDUCATION POLICY AND PRACTICE 

Sleep medicine and circadian neuroscience research is beginning to have a direct impact on 

education policy and practice with schools considering changing to later start times. School 

administrators have been asked to consider the potential liability of persisting with early start times 

in light of the possible risk to children’s health and learning (Kelley and Lee, 2014). Recently 

Tennessee changed its education law to encourage training on such biological issues (Tennessee 

Public Chapter 46, 2013), a move that others might usefully follow. Later starts will benefit young 

teachers too as many will be late chronotypes (Figure 1), and changes in their training to include an 

understanding of sleep medicine and circadian neuroscience would be doubly valuable in supporting 

sleep education in schools. 

The financial cost of most other interventions to improve health and attainment in adolescents 

appears to be far greater than later starts in schools. Implementation of later starts may have some 

financial costs depending on the education system, though such costs are relative modest in 

comparison with the positive impact (Jacob and Rockoff 2011; Kirkby, Maggi, and D’Angiulli 2011). 

The impact of later starts appears to have an impact on high-stakes outcomes for disadvantaged 

students greater than that achieved with far more costly interventions, for example, smaller class 

sizes (Edwards 2012). This is particularly important in communities where financially disadvantaged 

young children approaching adolescence have worse sleep, and those attending Title 1 schools have 

shorter sleep (El-Sheikh et al. 2013). In England, the cost of a national intervention (the Pupil  

premium) to address the performance of financially disadvantaged children is extremely high and 

has had relatively little impact to date. In contrast, introducing later start times appears to 
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significantly reduce the gap between disadvantaged students and other students (Kelley and Lockley, 

2013). 

There is growing evidence that education policy and practice is beginning to change. Public interest 

is growing in later school starts with organizations including the National Sleep Foundation, Start 

School Later campaign and even members of Congress all playing a part in urging implementation of 

later starts. Legislative proposals in particular are increasing in number in the USA, for example, the 

House Concurrent Resolution 176 (2009): expressing the sense of the Congress that secondary 

schools should begin the school day no earlier than 09:00 in the morning. This is a pragmatic 

Approach encouraging moves to starting times that more closely match biological time in 

adolescence. More recently Maryland, Virginia and Massachusetts have all considered legislation to 

move to later starts and momentum may increase following the intervention of the Arne Duncan, US 

Secretary of State for Education on Twitter in 2013 (‘let teens sleep, start school later’). The research 

evidence, epidemiological data and age-specific modelling now can be combined to offer support for 

implementing evidence-based changes that synchronize education start times to adolescent biology. 

The synchronization of education to adolescent biology enables immediate advances in educational 

attainment and can be achieved with a relatively simple step that does not require new teaching 

methods, new testing or large additional expenditure. The reduction of health risks through the 

same intervention requires no new medical methods, screening or treatment. Good policies should 

be based on good evidence, and the data show that children are currently placed at an enormous 

disadvantage by being forced to keep to inappropriate education times. Synchronizing education 

institutions’ timings to adolescent biology to enable adequate sleep time seems both practical and 

necessary, and reflects what can be achieved by considered and well-researched trans-disciplinary 

interventions based on neuroscience, sleep science and education research (Gabrieli, 2009; Meltzoff 

et al., 2009).  
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