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Abstract

Study Objectives: Clinical and population health recommendations are derived from studies 

that include self-report. Differences in question wording and response scales may significantly 

affect responses. We conducted a methodological review assessing variation in event definition(s), 

context (i.e., work- versus free-day), and timeframe (e.g., “in the past 4 weeks”) of sleep timing/

duration questions.

Methods: We queried databases of sleep, medicine, epidemiology, and psychology for survey-

based studies and/or publications with sleep duration/timing questions. The text of these questions 

was thematically analyzed.

Results: We identified 53 surveys with sample sizes ranging from 93 to 1,185,106. For sleep 

duration, participants reported nocturnal sleep (24/44), sleep in the past 24-hours (14/44), their 

major sleep episode (3/44), or answered unaided (3/44). For bedtime, participants reported time 

into bed (19/47), first attempt to sleep (16/40), or fall-asleep time (12/47). For wake-time, 

participants reported wake-up time (30/43), the time they “get up” (7/43), or their out-of-bed time 

(6/43). Context guidance appeared in 18/44 major sleep duration, 35/47 bedtime, and 34/43 wake-

time questions. Timeframe was provided in 8/44 major sleep episode duration, 16/47 bedtime, and 

10/43 wake-time questions. One question queried the method of awakening (e.g., by alarm clock), 

18 questions assessed sleep latency, and 12 measured napping.

Conclusion: There is variability in the event definition(s), context, and timeframe of questions 

relating to sleep. This work informs efforts at data harmonization for meta-analyses, provides 

options for question wording, and identifies questions for future surveys.

Keywords
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1. Introduction

Public health recommendations for sleep duration and timing usually rely partially on self-

reported data [1], [2]. There are multiple potential limitations of self-reported data, including 

information and recall biases, and inaccuracies in calculating intervals (e.g., between sleep 

onset and wakening) or estimating times (e.g., length of time to fall asleep); all of these 

can vary by demographic factors and health conditions [3], including sleep disorders such 

as insomnia [4]. The specific wording used to collect information about sleep timing and 

duration also affects responses: for example, asking for sleep duration directly (e.g., “How 

many hours did you sleep last night?”) versus indirectly (i.e., asking for sleep and wake 

clock times) may produce different values of sleep duration [5]. Week-to-week and night-to-

night variability in sleep parameters, if not assessed in the question wording, may also pose 

a challenge to accurate reporting of these metrics.[6] Sleep is a multi-dimensional construct, 

with duration and timing as key components [7]. In this paper, we focus on documenting 

variation in self-reported questions assessing sleep duration and timing.
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Survey designers interested in measuring sleep domains must carefully balance several 

factors as they develop or select self-reported sleep duration and/or timing questions for 

surveys and diaries. First, designers must consider event definition(s). For example, bedtime 

may be assessed by asking a participant to report when they “go to bed” or, alternatively, 

when they “fall asleep.” If a participant goes to bed but then reads or watches television 

before initiating sleep, asking this individual when they “go to bed” and using this as 

the marker of sleep onset will overestimate sleep duration. On the other hand, individuals 

may have difficulty knowing the precise time they fall asleep, and their perceived sleep 

quality might bias such responses. Second, designers must consider context. Sleep timing 

and duration have been shown to vary significantly between work/school and free days [8], 

[9], so it is optimal to capture context with separate questions where possible. Third, survey 

designers must consider timeframe. Whereas some surveys may ask participants to report 

sleep duration and/or timing on a “typical night,” others ask for sleep duration and/or timing 

in a specified timeframe (e.g., “in the past 4 weeks”). Responses may not be comparable 

between study participants who may consider different reference periods as they make 

their response. Finally, the survey designer must balance the detail/depth of information 

sought with other survey constraints (e.g., the number of questions asked may influence 

survey completion rate). Therefore, considering the potential effects of variations in event 

definition(s), timeframe, and context of questions is critical in queries on sleep duration and 

timing.

We conducted a methodological review to document the variation in event definition(s), 

context (i.e., work-versus free-day), and timeframe of sleep timing and duration questions. 

Goals of this work were to identify the prevailing approaches to self-reported sleep duration 

and/or timing questions; to document the variation in event definition(s), context, and 

timeframe across questions that collect information on sleep duration and timing; consider 

the implications of these question text variations; and to highlight options for survey and 

diary designers to consider. This work should support future efforts to standardize questions 

pertaining to sleep duration and timing and thus enable meta-analyses across studies to 

improve understanding of sleep’s role in health and safety.

2. Materials and Methods

2.1 Identifying sources

We conducted a methodological review of questions measuring sleep duration and timing 

in adults. Methodological studies report on the design, conduct, analyses, or reporting 

of primary or secondary research [10]. With the help of a medical librarian, the lead 

author (RR) developed a search strategy for the present study that aimed to identify all 

available literature that used surveys or questionnaires to measure sleep duration and/or 

timing (detailed in Appendix). With regard to sleep duration, we were interested in both 

questions that measured sleep duration directly (e.g., “How many hours do you typically 

sleep on a free night?”) and questions that are pertinent to the measure of sleep duration, 

including sleep latency (e.g., “Approximately how long does it take you to fall sleep”). Sleep 

latency was included in this methodological review of sleep duration as some researchers 

choose to ask participants the time they go to bed, which may not be the time they start 
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sleeping. Therefore, assessing sleep latency is important in some cases for ascertaining a 

precise estimate of sleep duration. We also reviewed nap questions because some researchers 

may be interested in 24-hour sleep, which would include nap episodes.

The search resulted in over 6,000 published articles in a single search engine (i.e., 

PubMed). When the number of articles is sufficiently large, as is the case in our study, a 

sample can be expected to provide comparable results to a review including all available 

articles [10]. Therefore, to identify a sufficiently large set of articles for the present 

review, we (i) identified databases and repositories managed by organizations in sleep, 

medicine, epidemiology, and psychology that maintain lists of sleep duration and/or timing 

questionnaires and studies that have employed such instruments; (ii) reviewed a textbook of 

sleep questionnaires; and (iii) used other publications known by the authors. We downloaded 

and then qualitatively analyzed and categorized the relevant questions from these sources 

and their wording.

2.2 Identifying relevant sleep duration and/or timing question

We identified six databases or repositories that include sleep, medicine, epidemiology, and 

psychology disciplines, and were managed by academic or professional institutions (details 

and links in Appendix): the Sleep Research Society (SRS); the National Sleep Research 

Resource (NSRR); the Institute for Social Research at the University of Michigan (ICSPR); 

the American Psychological Association Health and Psychological Instruments (HAPI); the 

American Thoracic Society (ATS); and the National Institutes of Health (NIH).

For each database or repository, we searched for studies with questions measuring sleep 

duration and timing. ICSPR, ATS, and HAPI had search tools that we used to identify 

relevant studies; we used the following search term to identify relevant studies: “sleep,” 

“sleep duration,” “sleep timing,” “bedtime,” “wake time,” “bed,” “wake,” “woke up,” 

“alarm clock,” “asleep,” and “nap.” For databases without a search tool, each study in the 

database was individually reviewed for relevant sleep-related questions by RR and MFW.

The studies identified using the above procedures were cross-referenced in two additional 

steps to ensure our list was comprehensive. First, RR and MFW reviewed a textbook 

containing more than 100 sleep surveys for sleep duration and timing questions and included 

appropriate surveys from this source [11]. Second, an expert team (EBK, CAC, SFQ, SR, 

LKB) reviewed the list of studies that emerged from all the above steps and identified 

additional missing studies that were added to our review.

2.3 Coding

Coding the set of questions proceeded in two broad phases: (1) eligibility screening and (2) 

coding the questions for event definition(s), context, and timeframe cues.

To assess eligibility, the exact text of questions assessing sleep duration and timing from 

each study were extracted and reviewed by two independent coders (RR and MFW). First, 

the coders searched questions for eligibility in one of the broad sleep duration and timing 

domains including: sleep duration; bedtimes; wake times and/or method of waking; sleep 

latency (i.e., the time it takes to fall asleep); and naps. The coders removed questions 
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that measured domains that did not specifically pertain to the duration or timing of sleep 

(e.g., about sleep quality or sleep difficulty); questions asking individuals for their preferred 

amount of sleep as opposed to their actual sleep; and questions that asked participants 

to report the number of hours of sleep after which they are able to wake up and feel 

refreshed. Finally, surveys that targeted children and adolescents or were not in English were 

removed. If two studies used the same wording, both references were retained. There were 

no discrepancies among coders on eligibility criteria.

After ensuring eligibility, the coders worked independently to code the question wording in 

a series of iterative steps informed by the constant comparative method of qualitative inquiry 

[12]. In the first step, the coders independently reviewed a random set of 20 questions. 

The coders met to discuss a preliminary codebook, which detailed the sleep duration and 

timing domains (i.e., sleep duration; sleep timing; sleep latency; and naps) and sub-domains 

(e.g., distinguishing within sleep duration between 24-hour sleep, nocturnal, and major sleep 

episode). The preliminary codebook was reviewed by the full author team. After approval 

from the full author team, the coders proceeded to code 20 questions at a time, compare their 

codes, then code another 20 questions until all questions were coded.

For sleep duration, we were interested in questions assessing total sleep across the 24-hour 

day, nocturnal sleep, and/or the major sleep episode (i.e., the longest period of time after 

falling asleep until the time sleep ends and the person chooses to remain awake); questions 

assessing naps or periods of sleep that were less than four hours; and questions assessing 

sleep latency. For sleep timing, we were interested in questions assessing bedtimes, wake 

times, and sleep latency. Question text of “what time do you go to bed” and “what time 

do you get out of bed,” was classified as time in bed while text of “what time did you fall 

asleep” and “what time did you wake up” was classified as the major sleep episode (Figure 

1) [13].

Coders first separated all the questions into the above-detailed sleep domains, then applied 

appropriate codes to summarize the approaches (i.e., event definition, context, timeframe) 

taken in each question. For event definitions, coders identified content present in the 

questions that directed the participant and were supplemental to the clear, primary purpose 

of the question. For example, “How many hours of sleep do you get?” would not be 

coded as featuring additional event definition(s), whereas the question “How many hours 

of sleep do you get at night (this may be different than the time you spend in bed)?” 

would be coded as featuring additional event definition (e.g., detail to subtract time in bed 

not sleeping). For context, coders identified questions that asked participants to distinguish 

between work- and free-day sleep duration and sleep timing-related responses. Questions 

that provided any context cues would be categorized as distinguishing between work- and 

free-day sleep duration and/or timing. For example, some surveys only ask one question 

about sleep duration on weekdays, which would be categorized as representing context 

cues. Finally, coders identified questions that provided participants with guidance on the 

timeframe they should report on their sleep. For example, the question “In the past 4 

weeks, how many hours have you slept at night?” provides participants with timeframe 

input to guide their sleep duration and/or timing response. The codebook in included in 

Supplemental Information. The exact wording of all questions coded is included in Tables 
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2–5. Results of the coding procedure are reported by domain. In each section summarizing 

the questions by domain, we report the number of questions that featured the various event 

definitions, context cues, and timeframe considerations out of the total number of questions 

in each domain.

After coding of questions was complete, the author team of LKB, SFQ, CAC, SR and EBK, 

who are expert sleep researchers and clinicians with extensive experience in sleep research 

and clinical practice, held two round table discussions to develop a set of considerations for 

future research and a set of recommendations for future researchers and survey designers. 

The discussion began with an initial conversation about the key findings from the present 

study. The coders took notes during the discussion, then prepared a document summarizing 

the round table discussion. The experts critiqued the document, reviewed each other’s 

comments, and then agreed upon the final set of considerations.

3. Results

Our search yielded 53 studies assessing sleep duration and/or timing. Sample sizes of 

the studies ranged from 93 to 1,185,106 [14]. Approximately one third of studies in our 

sample (37%) measured only one of the five identified domains, 21% measured 2 domains, 

31% measured 3 domains, 12% measured 4 domains, and 2% of studies measured all five 

domains (Table 1). One hundred and sixty-four unique questions were identified.

3.1 Sleep Duration (Table 2)

We identified 44 questions assessing sleep duration. We distinguish between questions 

that measured nocturnal sleep (e.g., “How many hours do you usually sleep per night?”), 

24-hour sleep duration (e.g., “On average, how many hours of sleep do you get in a 24-hour 

period?”) and major sleep episode (e.g., “How much sleep do you usually get at night (or 

your main sleep period)?”). Among the 44 questions measuring sleep duration, 24 questions 

asked participants to report nocturnal sleep, 14 questions asked participants to report their 

sleep in the past 24 hours, three questions asked participants to report their major sleep 

episode, while three questions were unclear or unspecified (e.g., “I sleep __ hours”).

Sixteen duration questions provided respondents with event definition details. Specifically, 

3 questions asked participants to include naps in their sleep duration responses (e.g., United 

Kingdom, UK, Biobank: “About how many hours sleep do you get in every 24 hours? 

Please include naps”) [55], while 7 questions asked participants not to include naps (e.g., 

National Sleep Foundation 2003 Sleep and Aging Survey: “On a weekday, how many hours, 

not including naps, do you usually sleep during one night?”) [36], and 6 surveys asked 

participants to subtract time spent in bed not sleeping from sleep duration calculations (e.g., 

the Sleep Disorders Questionnaire: “How many hours of sleep do you get at night, not 

including time spent awake in bed?”) [46].

Among the sleep duration questions, 18 asked participants to distinguish between work- 

and free-day sleep (e.g., Framingham Heart Study: How much sleep do you usually get 

at night (or your main sleep period) on weekdays or work days?”)[58] and 8 questions 

asked participants to report their sleep in a specific timeframe (e.g., the Medical outcomes 
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Study Sleep Scale: “On average how many hours did you sleep each night during the past 4 

weeks?”) [59].

3.2 Bedtime and Wake Time and/or Method of Waking (Table 3)

We identified 47 distinct questions assessing bedtime. Nineteen questions asked participants 

to report “time got into bed” (e.g., Munich Chronotype Questionnaire: “On nights before 

free days, I go to bed at [ ] o clock …?”) [31], 12 questions asked participants their fall 

asleep time (e.g., Korea General Social Survey: “At about what time did you go to sleep 

yesterday?”) [28], and 16 questions asked participants when they first attempt to fall asleep 

(e.g., Family Life, Activity, Sun, Health, and Eating (FLASHE) Study: “What time do you 

usually go to bed in the evening (turn out the lights in order to go to sleep)?”) [60]. Sixteen 

questions asked participants to report their usual bedtimes in a specified timeframe (e.g., 

the MrOS Sleep Study: “During the past month, what time have you usually gone to bed 

at night?”) [32]. Thirty-five questions asked participants to distinguish between work- and 

free-day bedtimes (e.g., National Sleep Foundation 2002 Adult Sleep Habits: “At what time 

do you usually go to bed on nights before workdays or weekdays?”) [35].

We identified 43 distinct questions assessing wake times. Regarding event definitions, 30 

questions asked participants to report the time they wake up (e.g., Basic Nordic Sleep 

Questionnaire: “At what time do you usually wake up during the working week?”) [18], 

while 7 questions assessing wake times asked participants to report the time they “get up” 

(e.g., National Sleep Foundation – 2005 Adult Sleep Habits and Styles: “At what time do 

you usually get up on days you do not work or weekends?”)[37] and 6 questions asked 

participants to report their out-of-bed time (e.g., the Self-Assessment of Sleep Survey: 

“On average, what time did you get out of bed for the day? [HH:MM AM/PM]”) [48]. 

Thirty-four of the wake time questions asked participants to distinguish between work- and 

free- days (e.g.: Heart Biomarker Evaluation in Apnea Treatment study: “At what time do 

you usually WAKE UP on weekends or your non-work days?”). Ten questions provided 

participants with a timeframe within which to report their wake times (e.g., Health and 

Aging in Africa: A Longitudinal Study of an In-Depth Community in South Africa: “Over 

the past 4 weeks, what time did you usually get out of bed?”) [61].

We found one question that asked participants to report their method of waking (i.e., by an 

alarm clock; the uMCTQ: “On WORK-FREE DAYS when I don’t use an alarm I normally 

wake up at __:__ AM/PM (this is NOT when you get out of bed!)”) [31].

3.3 Sleep Latency (Table 4)

We identified 18 distinct questions assessing sleep latency. The event definition for latency 

was uniform across questions (e.g., “minutes to fall asleep”). Seven sleep latency questions 

asked participants to distinguish between work- and free-day sleep latency (e.g., Munich 

Chronotype Questionnaire: “On nights before workdays, it takes me ___mins to fall asleep”) 

and 7 asked participants to report their sleep latency in a specific timeframe (e.g., Sleep 

Heart Health Study: “During the past month, how long (in minutes) has it usually taken you 

to fall asleep each night?”) [47].
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3.4 Napping (Table 5)

We identified 12 distinct napping questions. Among the napping questions, three asked 

participants to report the number of naps that were “5 minutes or longer” while 1 question 

asked participants to report the number of naps that were “an hour or two.” Regarding 

context, one question asked participants to report work- versus free-day napping (e.g., Sleep 

Disorders Questionnaire: “How many daytime naps (asleep for 5 minutes or more) do you 

take on an average working day?”);[46] Five provided participants with a timeframe, such as 

the past week (e.g., National Social Life, Health, and Aging Project: “During the past week, 

on how many days did you nap for 5 minutes or more”) [40].

4. Discussion

In this methodological review we identify 164 questions from 53 studies that measure 

sleep duration and/or timing via self-report. The specific aim of this review is to identify 

the prevailing approaches to self-reported sleep duration and/or timing questions and to 

document the variation in questions that collect information on sleep duration and timing. 

The overarching goal of this review is to highlight question options for future survey and 

diary designers to consider.

We report several primary findings regarding question wording for self-reported sleep 

duration and/or timing. First, we document significant semantic variation in the event 

definitions in each question. Across questionnaires, sleep duration is measured using a 

variety of approaches, including single item questions regarding estimated total time asleep 

(e.g., during the night or across the 24-hour day) or potentially derived from differences in 

times reported for bedtimes or sleep onset times and wake times. While it is not possible 

from the current literature to easily assess the impact of differences in wording on outcomes, 

there are individual studies that suggest that wording differences can substantially influence 

estimates of sleep duration. For example, Jackson and colleagues reported that (when 

compared to actigraphy-derived metrics), self-reported “average” sleep duration resulted 

in an underestimation of sleep by approximately 30 minutes, while sleep duration based on 

reported bed and wake times over-estimated sleep by 45 minutes [62].

Sleep timing question text related to bedtimes also varied widely. Questions most commonly 

asked participants to report the time they “get into bed;” this wording can result in over-

estimation of sleep duration, especially if the participant spends time in bed reading or 

watching television before sleeping. While the limitation of asking a participant the time 

they “get into bed” may be addressed by also asking about estimated sleep latency, both 

healthy sleepers and those with insomnia, vary widely in their ability to accurately report 

sleep latency, and those with perceived problems with sleep quality may particularly over-

estimate sleep latency, resulting in differential bias [63], [64]. Asking about time “going to 

sleep” similarly may be biased by information recall bias, especially among individuals with 

perceived poor sleep quality.

We also report important differences in assessment of wake times, including the time 

a person “wakes up” versus “gets out of bed.” Some questions simply asked when a 

participant typically “gets up,” which could be interpreted as either wake time or time 
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out of bed. These small semantic nuances may have important implications for participant 

responses. Asking a participant when they “get out of bed” is likely to overestimate sleep 

duration, particularly if a participant spends an extended amount of time in bed after waking 

but before getting out of bed (e.g., to check their emails and other content on their mobile 

phones), and may be appropriate for scoring time in bed. On the other hand, a question that 

asks a participant when they “wake up” may be more appropriate for researchers interested 

in capturing sleep duration as opposed to time in bed.

We were surprised to see only one question address the method of awakening. Information 

about whether the awakening is spontaneous – and therefore sleep ended for internal 

physiological reasons, rather than externally imposed (e.g., an alarm clock, other person, 

pet, pain, noise) – may be important for some outcomes. It is also not known how a person 

who uses the “snooze bar “ on an alarm clock (i.e., to go back to sleep and have the alarm 

sound later) may respond to a question that asks the time they “woke up:” such a person 

could respond with their first wake time or the last time they awoke after falling asleep again 

once or multiple times.

Second, we document significant variation in context and timeframe cues. Despite the 

prevalence with which sleep schedules vary between work- and free-days (contributing to 

‘social jetlag’[9] and its adverse cardiometabolic consequence[65]–[68]), these context cues 

were frequently absent in the questions. Another distinction is the way different days of 

the week were described. In some surveys, participants were asked to report their sleep 

on a “weekday” versus “weekend,” which may not yield expected results for individuals 

who work on weekends. Furthermore, for some people non-work days may not be entirely 

“free” days that allow more choice in sleeping timing and duration because of family, social, 

or other obligations. Therefore, researchers interested in sleep on a true “free” day may 

choose to ask participants to report sleep duration and/or timing on days they wake without 

an alarm, other external stimulus, or obligation. Distinguishing between work and free day 

sleep allows for estimation of social jetlag, which increases risk of adverse outcomes [9], 

[65]–[67], [69]. Night-to-night variability of sleep timing, which is also a risk factor for 

adverse outcomes [70], [71], cannot be calculated from these one-time surveys, but can be 

from sleep diaries or logs, which are discussed below.

Very few questions asked participants to report on their sleep in a specific timeframe, such 

as “In the past week, how many hours did you spend sleeping?” Instead, most questions 

asked how much individuals “usually sleep.” These language variants are important because 

behavioral research states that individuals are handicapped in their ability to report on an 

abstract time period, and the quality of responses increases dramatically when participants 

are provided with a specific time period, such as the prior week or month [72]. This is in 

accordance with recency bias, which refers to the fact that recall accuracy wanes as time 

increases between the time at which an event transpired and the time an individual is asked 

to recall the event [73]. In comparison, the nutrition literature has critiqued even 24-hour 

recall of dietary intake as susceptible to reporting biases, arguing in favor of immediate 

recall using a diary method [74]. Moreover, nutrition research has documented wide day-to-

day variation in meal timing within individual by week, but stability of meal timing across 

months, suggesting that day-to-day variations may be obscured by monthly measurements 
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[75]. Daily sleep diaries (paper or electronic versions), although more burdensome than 

surveys, may overcome some of the limitations of questions administered at single time 

points [76]. Nevertheless, a limitation of diaries, due to the high participant burden, is that 

some individuals forget or neglect to enter their sleep responses promptly and instead either 

leave items blank and/or complete some or all responses at a later time which would be 

expected to have decreased accuracy. Future research may consider ways of overcoming 

these limitations, such as designing new and novel technologies for capturing diary data and 

sending notifications to users when data are missing.

Few surveys asked about naps, and the definition of a nap varied widely between surveys. 

One survey asked participants to report the number of naps lasting five minutes or longer. 

Another survey asked specifically for the frequency of naps that lasted “an hour or two.” 

Although “five-minute naps” were used frequently in questions, the authors cannot identify 

any literature that affirms the appropriateness of using a five-minute definition for a nap. 

Measuring longer nap periods may be useful for a researcher interested in measuring sleep 

across the 24-hour day, while shorter naps may be of interest to researchers studying 

markers of excessive daytime sleepiness, for which short naps may be an indicator. Another 

approach was to ask participants to simply report how many minutes they typically spend 

napping [18]. Among the surveys that did ask about naps, only some included a timeframe 

(e.g., “in the past 4 weeks”). Variation in the duration of naps may represent both differences 

in physiological needs and behaviors, as well as result in different physiological responses 

(e.g., extent to which deep sleep is achieved). Planned napping (e.g., “siestas” or scheduled 

naps as “counter-measures” before night work) as compared to unintentional napping also 

may have profoundly different health implications. Yet, these differences were not captured 

in the surveys reviewed in this report [77].

Most studies identified in this review measured nocturnal sleep, which is not appropriate for 

shift workers who must sleep during the daytime and represent approximately 15% of the 

population [78]–[80]. For example, approximately half of the sleep duration questions asked 

participants to report their sleep “at night”; this would be difficult for a shift worker who 

works nights to interpret. An alternate approach that could be appropriate for both shift and 

non-shift workers is to ask participants to report their “longest sleep episode,” although this 

wording may be difficult to comprehend for those who are not shift workers.

One aim of this review is to stimulate future research that will inform guidelines for 

sleep duration and timing questions, including consideration of needs that may vary across 

populations and settings. In Table 6, we outline the advantages and disadvantages of 

different event definition(s), context, and timeframe considerations of questions within each 

of the five above domains to identify word choices that might influence user response. The 

most important related to different event definitions of bed and wake times (e.g., when a 

person “gets up” versus “wakes up”) or to overall sleep timing (i.e., whether nighttime sleep 

is assumed to be the only sleep episode); whether a timeframe (e.g., “in the past 4 weeks”) is 

provided; and segregating responses for work-and free-days.

Approximately 40% of the studies included in this review measured only one question 

about either sleep duration or sleep timing. This is important, for many studies included 
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in this review were large epidemiological studies that examined the relationship between 

a single sleep question and an important public health outcome (e.g., mortality). Since 

such findings may be included in population health recommendations, some researchers 

have argued that epidemiological investigations should avoid using a single question due 

to the multi-dimensional nature of sleep [81]. Assessment of multiple measures provides 

a more comprehensive characterization of sleep duration and/or timing, and the use of 

complementary questions may enhance measurement reliability.

Our study is the first to provide a rigorous methodological review of published questions 

for measuring self-reported sleep duration and/or timing. We here demonstrate the lack 

of consensus on event definition(s), context, and timeframe-related considerations in 

self-reported sleep duration and/or timing questions. Our research also offers guidance 

and design considerations for researchers and developers of new survey questions and 

instruments to assess sleep duration and/or timing, as outlined in Table 6. First, the choice 

of survey questions must be guided by the research objective. For example, a researcher 

interested in measuring sleep duration may choose to phrase bedtime and wake time 

questions to assess actual sleep rather than assess time in bed. This would recognize the 

potential differential and non-differential biases that may result from use of alternative 

wording (e.g., related to sleep vs. time in bed). Furthermore, “time in bed” is itself 

potentially ambiguous, particularly important with recent trends toward working from home 

as well as COVID-19 stay-at-home recommendations that increase the opportunity for 

people to spend extended periods of time in their bed even when they are not attempting to 

sleep. More specific wording may be “time in bed attempting to sleep.” This was used in 

2016 Consumer Technology Association report for establishing standards on sleep wearable 

devices[82] that defines bedtime to be the “time when an individual began attempting to 

sleep.” The population being evaluated is also an important consideration when designing 

a sleep duration and/or timing questionnaire. Certain groups, such as retired individuals, 

shift workers, and students, may benefit from tailored questions with terminology that is 

appropriate to their circumstances. For instance, a researcher interested in measuring sleep 

duration among shift workers may consider assessing the longest sleep episode, as opposed 

to nocturnal sleep. Alternatively, if older, retired individuals are being surveyed, a distinction 

between weekend and work days may not be as important as among working populations. 

Older adults also have a high prevalence of sleep disorders and altered circadian rhythms 

[83], [84], which may make self-estimation of usual sleep duration more challenging; 

the increasing cognitive challenges with aging and the effects of a bedpartner with sleep 

disorder or other disorder affecting sleep are other potential considerations. Second, there 

may be limits on the number of questions available in the survey (for time or space 

reasons); under such conditions, researchers may consider asking directly for sleep duration 

as opposed to the time points that would enable its calculation. Finally, researchers and 

industry representatives may work together for comparing self-reported sleep measurements 

with commercial sleep-related products and services.

The aim of this review is to inform the design of future self-reported questionnaires and aid 

in the precision of sleep duration and/or timing information captured from these methods. 

Nevertheless, research shows that self-reported methods typically overestimate sleep 

duration.[85] Moreover, research has documented that differences between self-reported 
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sleep and objectively measured sleep (e.g., actigraphy) also vary by race/ethnic groups 

[86]. Research has also shown that differences between self-reported sleep and objective 

measures vary by presence/absence of insomnia and education level [3], [86]. Additional 

research is needed to ensure that the choice of specific questions is most appropriate for the 

population under study, and appropriate instructions and contextual information are provided 

to minimize misinterpretation and bias. Further, little research has examined the user literacy 

of questionnaires to ensure questions are easy to use prior to dissemination. Therefore, 

future research may consider undertaking efforts to understand question comprehension 

prior to questionnaire release. In addition, future research may aim to develop a common 

set of optimally worded questions for use in epidemiology for assessing sleep that may be 

tailored to future studies.

The aim of our review was to promote awareness about the significant variability in the 

event definition(s), context, and timeframe of questions relating to duration, bed/wake times, 

latency, and napping. Future researchers interested in how question text affects the type and 

quality of user responses may examine data collected from questions featuring different 

event definition(s), context, and timeframe-related domains identified in our study. As 

articulated by Mbuagbaw and colleagues, methodological studies, such as that conducted 

herein, are critical precursors to reporting guidelines for the measure of variables of interest, 

such as sleep duration and/or timing [10].

4.1 Limitations

This work has several limitations. First, we reviewed only questions designed for 

administration in adult populations and in the English language literature. Clearly there 

is more (and justifiable) variation in questions designed to assess broader age ranges 

and because of language-specific nuances in wording choice. Second, there are multiple 

potential factors that contribute to differences in questionnaire responses. Future research 

should examine age, language, and cultural or health literacy factors relating to sleep 

duration and timing questions. A comprehensive analysis of the these (and other factors) 

on the question domains identified here (i.e., event definition(s), context, and timeframe) on 

the user and the subsequent data obtained should be conducted. This would be an important 

and needed precursor to the development of guidelines for sleep duration and/or timing 

measurement. Future work should also include other stakeholders, including patients, in 

designing and assessing question wording. Third, the validity of the questions identified in 

this review need evaluation. Researchers may consider linguistic and cultural differences 

in question event definition(s), context, and timeframe during future validation procedures. 

Fourth, the sources of sleep duration and timing questions identified and analyzed in this 

methodological review were extremely heterogeneous. Specifically, some questions were 

derived from validated questionnaires, others from screening tools (some for clinical trials), 

and some for prognostic purposes. Therefore, future efforts to develop guidelines for sleep 

duration and/or timing measurement may consider examining the intended audience and 

objective for the question texts reviewed in this manuscript. Fifth, we reviewed questions in 

a limited number of databases and did not review every published survey, questionnaire or 

diary, and may therefore have missed additional wording options. Our goal was to document 

and discuss sufficient variation that readers can evaluate any new question text. Sixth, sleep 
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is a complex, biology-related construct that is subject to environmental influences and we 

examined only sleep duration and timing questions. As stated above, assessing multiple 

measures may provide a more comprehensive characterization of sleep. In addition, there is 

growing interest in characterizing sleep as a multi-dimensional construct; for example using 

Buysse’s framework would include assessment of sleep regularity, satisfaction, alertness, 

timing, efficiency, and duration [7]. While our recommendations focused on improving 

the clarity and precision of questions of sleep duration and timing, more comprehensive 

assessments of contextual and environmental factors that influence sleep can enrich the 

understanding of sleep behaviors. It is a limitation that self-report-based questions may fail 

to capture either this complexity, or the full array of potential environmental influences on 

sleep duration and timing. Finally, the questions we identified were mostly from research 

conducted in the United States and Europe. Therefore, we may have missed additional 

questionnaires from studies outside these regions.

5. Conclusions

Our review highlights the large variation in approaches for ascertaining sleep duration and 

timing across published sleep question texts. We document several significant differences 

in question wording related to sleep duration and timing and their related domains, 

including sleep duration, bedtimes, wake times and/or method of awakening, sleep latency, 

and napping. As public health recommendations are often derived at least partially from 

self-reported data, future work to promote consensus methodology for such measurement 

of sleep duration and timing may be beneficial. A major challenge is to develop a 

framework for validating sleep questionnaires that assesses the sleep-related domains are 

most relevant for public health or clinical use. Finally, it will be critical that questionnaire 

development and validation includes consideration of their use across populations that vary 

by demographic factors, cultures, work histories, geography and clinical conditions.
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Figure 1: A graphical display of terminology used in this report for measuring sleep duration 
and sleep timing.
Notes.

Items in black font refer to event times (e.g., time into bed) while items in blue font refer to 

durations (dark blue: sleep onset latency; light blue: sleep durations or time spent with the 

intention to sleep).

The diagram represents a sleep schedule with a nap lasting approximately 45 minutes at 

approximately 3:30pm, first attempt to sleep at approximately 10:30pm and a fall asleep 

time of 10:45pm. This schedule also outlines a wake time of approximately 7:00am and a 

time out of bed at approximately 7:30am.

This review distinguishes between studies with different “event definitions” of sleep, such as 

nocturnal and 24-hour sleep. For instance, a researcher interested in capturing 24-hour sleep 

may combine nap and major sleep episode durations.
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