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Abstract 

Objectives: Emerging evidence shows that later high school start times are associated with increased 

sleep duration; however, little is known if this extends to the university setting. This study investigated 

associations of lecture start times with sleep characteristics among university students. 

Design: Daily diaries  

Setting: Lincoln, UK 

Participants: One hundred and fifty-five undergraduate students completed 7-night sleep diaries  

Measurements: Of the plausible lecture-day diaries (Monday-to-Friday, expected N=755 days), 567 

days were lecture days (M= 3.8 lecture-days per student, SD=1.1). The Consensus Sleep Diary was 

used to collect sleep characteristics. Two-level multi-level mixed effect generalised linear models were 

employed in the analyses.  

Results: Seventy-five percent of first lectures occurred before noon. Students reported short sleep 

(M= 7.0h, SD= 1.9) and fewer reported highest levels of sleep quality (42.8%) and restfulness (24.8%) 

when first lectures started at 09:00 or 09:30 compared to 10:00 or later. Every hour delay of lecture 

start time was associated with 15.1 (95% CI: 9.5; 20.7) minutes increase in sleep duration and higher 

odds of reporting the highest levels of sleep quality and restfulness. Focusing on attended lectures 

starting before noon, hourly delay of lecture start time was associated with 37.4 (95% CI: 22.0; 52.8) 

minutes increased sleep duration. Bedtime, sleep time and sleep onset latency were not significantly 

associated with lecture start times.  

Conclusion: This study found that undergraduate students had longer sleep and healthier sleep 

quality when university lectures started later. The earliest lecture start time that afforded sufficient 

sleep duration for students was 10:00.  
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Introduction 

Sleep deprivation is a major, but understated, public health problem.1  According to the National 

Sleep Foundation, the basal need for sleep in emerging adults (18-25 years old) is 7 to 9 hours per 

night.2 Yet, several epidemiological studies estimate that between 17.4% to 35.6% of young adults do 

not meet these nightly sleep requirements.3,4 Notably, university students report particularly 

problematic sleeping patterns, characterised as poor quality, erratic sleep-wake schedules and 

insufficient in duration.5–8 

It is suggested that temporal misalignment between students’ preference for a late sleep-wake 

pattern and the early start of academic timetable may be the root of this chronic sleep deprivation 

among high school students.9,10 If this extends to university students, then the predisposition for 

delayed sleep in combination with university students’ lifestyles such as short sleep hours to cope with 

the academic and social demands of university,11 frequent alcohol consumption,12and increased 

variability in the timing of social events7 may likely exacerbate the association between lecture start 

times and sleep among university students.  

Notwithstanding the emerging evidence on the desynchrony between academic schedules and 

students’ biological and psychosocial factors, most UK university institutions enforce early morning 

start times that begin at 09:00 and even earlier in some instances.13 These early start times arguably 

cater more appropriately to the morning circadian preference prominent in young children and older 

adults, and ultimately truncate opportunity for the majority of young adult students, with later 

circadian preferences,14 to have sufficient sleep duration. Sleep loss during the week, in turn, can lead 

to greater feelings of depression, anxiety, and stress,15 impaired physical health,16 poor memory 

performance,17 and impaired academic performance18. Students may often overcompensate for the 

sleep debt accumulated during the week by sleeping extra hours on the weekend and choosing a later 

sleep-wake schedule on weekends, a factor that has been linked with increased risk of adverse health 

outcomes.19  
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Given the adverse health and academic outcomes associated with insufficient sleep, it may be 

productive for educational institutions to implement start times appropriate for the natural sleep-

wake preference of those who study in them. Later start times may address the mismatch between 

preferred and required sleep-wake times to provide students with a greater opportunity to sleep for 

the recommended number of hours a night. To date, several studies have extensively compared the 

differences in sleep outcomes for middle and high school students based on school start times and 

concluded that later start times are associated with increases in total sleep duration,20–25 reduction in 

daytime sleepiness,26 improved academic performance,23 and wellbeing25. However, only a few studies 

have investigated alterations in school start times on sleep, health, and academic outcomes.22–25,27 

Further, studies among university-aged students are relatively rare and understudied. The limited 

studies from cross sectional surveys investigated the links between sleep quality, chronotype, lecture 

start time preference and anxiety to conclude that later first lecture start times (after 11:00) is ideal for 

university students.6,13  

The current study therefore employs a seven-night sleep diary given to first year university students to 

investigate sleeping outcomes associated with varying lecture start times during a typical week at 

university. Unmanipulated fluctuation in start times that occur typically in UK university timetables 

permits a flexible non-experimental exploration of sleeping outcomes associated with acute delays in 

lecture start times between which is not permitted by rigid high school and middle school timetables. 

The current study thereby permits a flexible range of start times to be investigated and expands from 

the current literature of lecture start times and sleep among university students.  

Participants and Methods 

The sample comprised of 155 first year undergraduate students (female, 67.1%), aged 18‒22 years old 

from the University of Lincoln, United Kingdom. Participants were predominantly recruited via direct 

invitation following in-class announcements and study advertisements across the university while 
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Psychology students were recruited online using the University of Lincoln’s Sona participant 

recruitment system.  

Procedure 

Prospective daily diary data were collected from first year students for 7 consecutive days between 

28th October 2018 and 31 March 2019 (the period marking the Greenwich Mean Time in the UK). The 

students were enrolled in the Late teenagers’ Screen Time & Sleep (LoST-Sleep) project which was set 

up to investigate the association between objective screen time and sleep outcomes among late 

teenagers and young adults. Briefly, the LoST-Sleep project followed students, who owned at least one 

screen-based device, for 7 days from their day of enrolment into the project. At enrolment, each 

participant completed a baseline questionnaire, which included sociodemographic information and 

chronotype. Chronotype was assessed by using the Munich ChronoType Questionnaire (MCTQ).28 

After completing the baseline questionnaire, participants were given a sleep, media and lecture diary 

to complete for next 7 days. Each participant was given a paper-version of the Consensus Sleep Diary 

(CSD)29 including item-by-item instructions to complete upon awakening on each day. This presented 

participants with spaces to fill in the date, sleep time, waketime, sleep duration, sleep quality, 

restfulness, caffeine consumption, alcohol consumption, and medication use daily for seven nights. In 

addition, information about daily lectures, time of first lecture of the day and attendance were 

collected. Participants were encouraged to complete the questions about their lectures upon 

awakening on each day, at the same time they completed the CSD. However, where they could not 

complete the questions about the lectures upon awakening, they were advised to complete it later in 

the day before they went to bed. The present study uses data from the baseline questionnaire, and 

sleep and lecture diaries completed on potential lecture days (Monday – Friday).  

Measures 

Lecture start time 

For each day, each participant responded to questions relating to their potential lectures. First, they 
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answered yes or no to the question: “Do you have a lecture/seminar today?” Those who had 

lecture(s) or seminar(s) on the day went on to answer two more questions “If yes, at what time does 

your first lecture or seminar start today?” and “Do you intend to attend or did you attend your first 

lecture/seminar today?” The lecture start time was reported in am/pm format in the diary and later 

converted to a decimal 24h continuous variable for data analysis. For descriptive purposes only, 

lecture start time was also converted into an ordinal variable with hourly intervals from 09:00 to 

13:00 or later.  

Sleep  

The characteristics of participants’ daily sleep patterns were directly obtained from their responses to 

sleep-related questions in the diary with additional measures generated from a combination of several 

sleep-related variables. For the present study, the principal outcomes were sleep onset latency (SOL), 

sleep time, sleep duration, sleep quality and restfulness. Sleep quality, restfulness, SOL and sleep time 

were directly obtained from the responses to the questions “How would you rate the quality of your 

sleep?”, “How rested or refreshed did you feel when you woke-up for the day?”, “How long did it take 

you to fall asleep?” and “What time did you try to go to sleep?”, respectively.29 Sleep duration was 

generated as the duration between waketime and the sum of sleep time and SOL. A 5-point Likert 

scale response was provided for both sleep quality and restfulness, anchored at very poor and very 

good, and not at all rested and very well-rested, respectively.  

Covariates 

Characteristics that were considered potential confounders in the association between lecture start 

times and sleep outcomes were obtained during data collection. Variables including age (in years), sex 

(Male /Female), ethnicity (white/non-white), number of caffeinated drinks and alcoholic drinks 

consumed were accounted for. From the responses to the MCTQ, chronotype was only computed for 

participants whose waketime on free days was not due to alarm use, 73.4% of participants. 

Chronotype was defined as the midsleep on free days (MSF) or the difference of MSF and the half the 
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difference of sleep duration on free days and the average weekly sleep duration if free day sleep 

duration was greater than workday sleep duration. Chronotype was used as a continuous variable in 

most of the analyses but was also categorised into three groups i.e. lark (chronotype≤ 03:30), 

intermediate (03:30<chronotype>05:30, and late (chronotype≥ 05:30) for stratified analyses.  

Statistical analysis 

Two-level multi-level mixed effect generalised linear models (MEGLM) were used to analyse the fixed 

effect of lecture start time on students’ sleep characteristics while accounting for the hierarchical 

nature of the data i.e. days of follow-up nested within students. This procedure accounts for potential 

day-to-day variability of variables for each student and permits the specification of random effects at 

the student level as explained in the equation below for the relationship between lecture start time 

and sleep duration:  

sleepdurationij = β0 + β1lecturetimeij + β2Xij + β 3Xj+ uj + εij 

where i refers to the lecture day from 1 to 5, j refers to the student, X refers to covariates in the model 

may vary with follow-up time or not, β is the regression coefficient, uj  is the random intercept at the 

student level, and ε refers to the residuals.  

The MEGLMs were fitted separately for the five dependent variables: sleep duration, SOL, sleep time, 

sleep quality, and restfulness. For sleep quality and restfulness, a logit distribution and an ordinal link 

function were applied to the models to report the odds ratio of a better sleep quality or restfulness 

under the proportional odds assumption. Adjusted associations between lecture start time and each 

of the dependent variables accounting for age (in years), sex (M/F), ethnicity (white/non-white), 

number of caffeinated drinks and alcoholic drinks consumed, were reported. 

There were three potential issues that could influence the nature of the results from the above 

MEGLM models. The first was that, not all students attended the lectures they had. Second, both 

attendance and sleep behaviour may be influenced by the chronotype.  Third, lecture start times could 
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influence students’ sleep behaviour depending on whether the first lecture in  the morning or 

afternoon. To account for these, four sensitivity analyses were performed. First, the MELGMs were 

restricted to only students who attended the lectures. Second, the restricted MEGLMs for attendees 

were further adjusted for chronotype. Third, the MEGLMs were stratified by lecture start time before 

noon and after noon. Final sensitivity analysis combined all three conditions. Stratification of the main 

adjusted models by chronotype categories i.e. lark, intermediate and owl types were also performed 

and plausible interaction between lecture start time and chronotype on students’ sleep was 

investigated.  

All inferential analyses involving time-varying variables were restricted to data obtained between 

Monday and Friday since there are no lectures on weekends.  

Ethical consideration 

The LoST-Sleep project was approved by the School of Psychology Research Ethics Committee in the 

University of Lincoln (SOPREC Ref: PSY1718533). All participants provided informed consent before 

they were enrolled in the study. Participants were provided a £5 Amazon voucher or course credit 

points as a gesture of appreciation for their participation in the study.  

Results 

Table 1 shows the characteristics of the study sample. Lecture-day diaries were completed for 567 

days (M= 3.8 days per person, SD= 1.1) representing 73.8% of the plausible 755 days from 155 

students. The proportion of attended first lectures was 87.3%. The modal lecture start time was 09:00 

(range: 09:00 – 17:00); however, 25.2% of participants’ first lectures of the day were at noon or later. 

Of the 155 students who completed the diaries, 5 did not report any lecture activity throughout the 

week. Mean (SD) chronotype was 05:41 (1.7 h) and most students (59.1%) had late chronotypes. 

Mean bedtime on nights preceding potential lecture day was around midnight (M= 00:01, S= 2.2 h), 

and mean sleep time occurred about an hour later (M= 00:59, SD= 2.0 h). Even after stratifying mean 

bedtime and sleep time by lecture start time categories, they both remained consistent irrespective 
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time of first lecture of the day (Table 2). However, when waketime (M= 09:05, SD= 1.8 h, for total 

person-days) was stratified by lecture start time categories, the mean waketime for lectures that 

started at 09:00 or 09:30, was approximately an hour earlier (M= 08:08, SD=1.5 h) than waketimes 

when lectures started at 10:00 or later. Likewise, the proportion of reported highest levels of sleep 

quality and restfulness was lowest when lectures started 09:00/09:30 (42.8% and 24.8% respectively) 

and increased with later first lecture start times until noon (Table 2).  

MEGLMs revealed that there was no significant relationship between lecture start time and SOL nor 

sleep time of students even after adjusting for relevant confounders. However, lecture start time was 

significantly associated with sleep duration, sleep quality and restfulness among students (ps< .001). 

In fact, every hour delay in lecture start time was associated with 15.1 (95% CI: 9.5; 20.7) minutes 

increase in student sleep duration in the fully adjusted model (Table 3).  Likewise, an hour delay in 

lecture start time was associated with 20% and 40% higher odds of reporting very good sleep 

quality (versus good, fair, poor or very poor) and very well-rested sleep (versus well, somewhat, 

slightly or not at all rested), respectively (Table 2).  Stratifying the analysis by chronotype categories 

did not reveal any significant interactions between first lecture start time and chronotype category 

on sleep outcomes except for restfulness (p for interaction = 0.043) as shown in Supplementary 

Table 1. However, this interaction was no longer significant after Bonferroni correction following 

multiple pairwise comparisons.  

As shown in Table 4, sensitivity analyses on several plausible scenarios returned the same conclusive 

results on the absence of statistically significant relationship between lecture start times and SOL 

and sleep time of undergraduate students. Likewise, when the fully adjusted model was restricted to 

first daily lectures that were attended by students, later lecture start time remained significantly 

associated with increased sleep duration (β= 16.2 minutes, 95% CI: 10.4; 22.0), relative higher odds 

of very good sleep quality (odds ratio, OR= 1.2, 95% CI: 1.1; 1.4), relative higher odds of very well-

rested sleep (odds ratio, OR= 1.3, 95% CI: 1.2; 1.5). These observed associations persisted after 

further adjusting for participants’ chronotype. However, after stratifying the fully adjusted model by 
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time of day of first lecture (morning/afternoon), the results showed even stronger magnitudes 

association for morning lecture start times but models for afternoon lecture start times were not 

significant (Models Va and Vb in Table 4). Specifically, every hour delay in lecture start time before 

noon was associated with 24.2 (95% CI: 11.1; 37.4) minutes increase in sleep duration and 40% 

higher odds of very good sleep quality, and  very well-rested sleep. Combined sensitivity analysis 

(restricting to first lecture attendees, adjusting for chronotype, and stratifying by morning and 

afternoon first lectures) showed that the observed association between lecture start time and sleep 

duration, quality and restfulness persisted for first lectures that started in the morning. Thus, 

attendees had more than half hour extra sleep for every hour delay in lectures that started in the 

morning (β= 37.4 minutes, 95% CI: 22.0; 52.8) and higher odds of reporting the highest quality of 

sleep and restfulness.  

Discussion  

The current study examined the association between lecture start times and university students' 

sleeping times, length, quality, and restfulness using daily diary reports across a typical week at 

university. Previous literature has yet to adequately address university students’ sleep behaviours in 

relation to lecture start time. To our knowledge, our paper is the first to investigate, in a natural 

setting, the influence of lecture start times on sleep outcomes among university students. Existing 

literature is yet to conclude whether delaying start times in university students fosters effects similar 

to delayed school start times in middle and high school students. As hypothesised, students had 

longer sleep and healthier sleep quality in the preceding night when lectures or seminars started later 

in the day after adjusting for confounders. Further, when analysis considered only lectures starting 

before noon and further adjusted for chronotype and attendance, we observed that every hour delay 

between 09:00 and noon was associated with more than half-hour of extra night’s sleep for students 

as well higher likelihood of better sleep quality and restfulness. 
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The observed increased sleep duration for later lecture start times is consistent with observations in 

middle and high school students.20,24,30  These seemingly parallel findings between the current 

undergraduate sample and previous studies sampling middle school and high school students are 

likely to be a consequence of the mean age of the current sample being relatively young (19.3 years). 

The preference for a delayed onset of sleep begins at puberty and only reaches adult phenotype at 

approximately 22 years.31 The current sample therefore captures sleep during a similar developmental 

phase to high school students and consequently similar effects of later starts are observed. That said, 

we found no evidence of chronotype interacting with lecture start times to influence sleep duration 

and quality. First year students were particularly sampled in this project to eliminate plausible 

intentional preference for certain lectures developed through adaptability to the university system by 

senior students.  

Multi-level models revealed that students reported a consistent SOL and sleep time irrespective of 

when the first lecture or seminar of the day was. However, like Nahmod and colleagues20, students’ 

wake times were progressively earlier for early lecture start times. This invariant SOL and sleep time 

and linear changes in waketimes per lecture start time category explains the 15-minute difference in 

sleep duration for every one-hour delay in lecture start times. Notably, although general waketimes 

got progressively earlier with earlier lecture start times, wake times on days where lectures start at 

10:00 or later appear to vary subtly for every one-hour delay. However, students woke approximately 

one hour earlier when lectures or seminars started at 09:00 or 09:30 than when they started at 10:00 

or later. This explains why sleep duration in the night preceding lecturers that started at 10:00 or 

later was longer (7.7 to 8 hours) than the earliest start time of 09:00–09:30 (7 hours). The present 

study also showed that SOL and sleep time did not significantly vary by lecture start times which is 

consistent with findings from studies among high school students in Germany and the US.27,32 Thus, 

these finding refute claims that delaying lecture or school start times would result in later bedtimes.  

Our findings not only showed an increase in sleep duration per hourly delay in lecture start times, but 

also an increase in the likelihood of good sleep quality and restfulness on days when first lectures start 
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later. Existing literature highlighting the benefits of later school start times have mainly based their 

findings on outcomes such as sleep duration, day time sleepiness, absenteeism, academic 

performance and very few have considered the quality of sleep and restfulness.33 Consequently, multi-

level models stratified for morning only and afternoon only lectures revealed that the magnitude of 

the associations between lecture start times and sleep duration, quality and restfulness is visible and 

stronger when first lecture of the day starts before noon than after noon. Specifically, while hourly 

delays in lecture start times afforded gains in sleep duration for students when lectures started before 

noon, gains in sleep duration when lectures began after noon were not obvious. The apparent plateau 

in sleep duration gain relevant to lecture start times from noon indicate minimal to no sleep duration 

benefits to delaying lecture start times to later afternoon hours. Students were also more likely to 

report quality and restful sleep per hourly delay in lecture start time be it before noon or otherwise. 

However, gains in sleep quality and restfulness were not statistically significant when first lecture of 

the day was in the afternoon probably due to the small proportion of occurrence of this situation in 

the study sample (very poor and poor sleep quality reported on 3 and 8 days, respectively, out of 119 

afternoon start lecture days,).  

Our findings reverberate the recommendations from Kelley et al.23 that the widely accepted policy on 

not starting schools very early in the morning, in our case, no earlier than 09:00, while apparently 

helpful for students to average 7 hours of sleep, should not be a justification to dismiss the 

consideration of delaying starting times. Arguably, averaging 7 hours a night prior to 09:00-09:30 start 

times borders on insufficient sleep duration,2 with a large proportion of students likely to have 

obtained less than 7 hours sleep preceding 09:00-09:30 starts. Ultimately, these findings raise 

concerns on whether expecting undergraduate students to start university at this time is appropriate. 

While we show that significant improvements to sleep outcomes can be made when start times are 

later, in this case 10:00 at the earliest, others have found that such delays could also have benefits for 

tardiness, absenteeism, and academic performance.22,23,32  Our findings support the public health 

benefit of shifting lecture start to no earlier than 10:00 as a policy recommendation for university 
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institutions while encouraging students to adopt earlier bedtime habits to reduce the misalignment 

between late sleep-wake preferences and the early start of the academic timetable. 

There are some limitations to the current study. Firstly, the study’s use of a self-reported sleep diary 

may have resulted in a potential measurement error in sleep outcomes and introduced mono-method 

bias although any misclassification of sleep variables is likely to be random and non-differential by 

lecture start time. However, it is reported that participants tend to overestimate their sleep duration by 

0.3-1.3 hours when using self-report procedures.34 Using a sleep diary in conjunction with objective 

measurements, such as polysomnography and actigraphy would reduce such potential measurement 

error in sleep outcomes. It is known that time spent on other waking activities such as personal care, 

travel, and digital media may compete with sleep time35–37 and quality38, however these are unlikely to 

confound the association between lecture start time and sleep duration. Undoubtedly, students 

residing on campus may have been more likely to wake up later than off-campus students. However, 

were unable to account for on- or off -campus residences in our analyses since we did not collect such 

information.  

Despite these limitations, the current study has produced findings, using robust analyses in a natural 

setting, which significantly enhances the limited literature on university students’ sleeping behaviours 

in relation to lecture start time. There are additional strengths to the current study. Firstly, while 

existing literature on student sleep outcomes in relation to lecture start times often implements a 

methodology observing a fixed delay in start times over a set period, the current study takes 

advantage of the typically occurring daily fluctuations in the UK university schedule. This allowed a 

flexible range of start times to be investigated without experimental manipulation and thus overcomes 

challenges in implementing randomisation of delayed start times in schools.39 In addition, the 

longitudinal diary method implemented in the study allowed for undirected individual variation in 

sleep outcomes and lecture start times which were later accounted for in the analysis by using multi-

level mixed effects methods. Notwithstanding the different study design and sample choice, our 

findings are wholly consistent with those reported in middle and high school students. However, the 
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study is not sufficient to suggest a causal role of early lecture start time on short sleep duration 

among university students. Also, sensitivity results that adjusted for chronotype excluded participants 

who reported to be use alarm on free days and this may have affected the distribution of chronotype 

especially night owls. Thus, results of the sensitivity analysis adjusting for chronotype should be 

interpreted cautiously. Further, caution should be taken in extrapolating our findings to middle or high 

schools, since university students may have greater control over free time, diminished parental 

influence, and greater academic pressures and stress.  

Conclusion  

This study shows a direct linear relationship between lecture start time and sleep duration, sleep 

quality and restfulness in the preceding night with about half-hour gain in sleep duration for every 

hour delay in lecture start time between 09:00 and noon. The earliest lecture start time that afforded 

sufficient sleep duration for students was 10:00 while sleep duration for students with lectures starting 

at 09:00-09:30 bordered insufficiency. There were no significant associations between lecture start 

time and SOL or sleep time. These findings support the emerging evidence that delaying school start 

times could improve sleep duration and quality among high school students and shows that these 

benefits also extend to university students.  
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