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Self-report retrospective estimates of sleep behaviors are not as accurate as prospective 

estimates from sleep diaries, but are more practical for epidemiological studies.  Therefore, it is 

important to evaluate the validity of retrospective measures and improve upon them. The current 

study compared sleep diaries to two self-report retrospective measures of sleep, the commonly 

used Pittsburgh Sleep Quality Index (PSQI) and a newly developed sleep questionnaire (SQ), 

which assessed weekday and weekend sleep separately. It was hypothesized that the new 

measure would be more accurate than the PSQI because it accounts for variability in sleep 

throughout the week. The relative accuracy of the PSQI and SQ in obtaining estimates of total 

sleep time (TST), sleep efficiency (SE), and sleep onset latency (SOL) was examined by 

comparing their mean differences from, and correlations with, estimates obtained by the sleep 

diaries. Correlations of the PSQI and SQ with the sleep diaries were moderate, with the SQ 

having significantly stronger correlations on the parameters of TST, SE, and sleep quality 

ratings. The SQ also had significantly smaller mean differences from sleep diaries on SOL and 

SE. The overall pattern of results indicated that the SQ performs better than the PSQI when 

compared to sleep diaries. 
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INTRODUCTION 

Several different types of assessments are commonly used in sleep research and clinical 

practice, which include polysomnography (PSG), actigraphy, sleep diaries, and diagnostic 

interviews. Each assessment has its own strengths and weakness in the reliability, validity, and 

utility of the information it can provide (Buysse, Ancoli-Israel, Edinger, Lichstein, & Morin, 

2006; Coates, Killen, George, Marchini, Silverman, & Thoresen, 1982; Sack et al., 2007a).  Any 

one or combination of the above assessments may be ideal for the evaluation of different 

variables related to sleep or the diagnosis of a particular sleep disorder (Chervin, 2005; Buysse et 

al., 2006; Sack et al., 2007a; Sack et al., 2007b).  

 

Methods for the Assessment of Sleep 

Polysomography (PSG) 

Polysomnography provides an objective and accurate, quantitative measurement of many 

electrophysiological sleep variables (e.g. brainwaves, eye movements, respiration, limb 

movements, etc.) which are necessary for delineating sleep stages, and the type and severity of 

many sleep disorders, such as sleep apnea, periodic limb movement, narcolepsy, etc. (for a 

review see, American Sleep Disorders Association [ASDA], 1997).  Although PSG provides an 

accurate moment to moment measurement of variables during a single night of sleep, the cost 

and difficulty of administration generally make it impractical to use for more than one or two 

consecutive nights on any individual (Buysse et al., 2006).  Therefore, PSGs generally cannot be 

used to capture night-to-night variability in sleep that might occur. One or two nights of 

measurement may not provide a representative sample of an individual’s usual sleep habits, 

especially when one considers the possible changes in sleep that may occur as a result of 
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discomfort associated with the electrodes used or sleeping in a laboratory. Night-to-night 

variability in sleep is characteristic of several sleep disorders (e.g. insomnia and circadian 

rhythm disorders), thus a sample of several nights of sleep is essential for the assessment and 

diagnosis of these disorders (ASDA, 1997; Buysse et al, 2006; Sack et al., 2007a, 2007b).  

Furthermore, some night-to-night variability in sleep duration is generally accepted as normal for 

non-sleep disordered people, and larger discordances between week day and weekend sleep 

schedules is particularly common in adolescents and young adults (Bonnet & Arand, 1995; 

Breslau, Rosenthal, Roth, & Andreski, 1997; Machado, Varella, & Andrade, 1998; Strauch & 

Meier, 1988; Tsai & Li, 2004).  

 

Actigraphy 

Actigraphy refers to the measurement of an individual’s activity levels throughout the 

day and night via an accelerometer, which is typically worn on the wrist in a watch like device 

(Morgenthaler et al., 2007). Actigraphy can provide a relatively accurate objective estimate of 

sleep duration and timing on many consecutive nights, has generally been found to correlate well 

with PSG (Lichstein et al., 2006; Lockley, Skene, & Arendt, 1998; Monk et al., 1994; Valliéres 

& Morin, 2003), and is recommended in the assessment and diagnosis of circadian rhythm sleep 

disorders (Morgenthaler et al., 2007; Sack et al. 2007a; Sack et al. 2007b).  Although actigraphy 

is significantly more cost effective and less time intensive than PSGs, equipment and software 

costs thousands of dollars, making it impractical for large studies. 

 

Sleep Diaries 

There is no standard format for a sleep diary (Buysse et al., 2006). Typical sleep diaries 
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allow individuals to record their sleep patterns and other variables related to their sleep on a daily 

basis (e.g. sleep quality, daytime sleepiness, stimulant use, etc.). Like actigraphy, sleep diaries 

can assess for night-to-night variability, which can obtain a more representative sample of a 

person’s sleep than one or two nights by PSG or a one-time questionnaire.  Sleep diaries 

completed on a daily basis have been shown to correspond well to both PSG and actigraphy; 

however, studies have generally found people to overestimate sleep latency and time awake after 

sleep onset on diaries (Coates et al, 1982; Lichstein et al., 2006; Lockley, Skene, & Arendt, 

1998; Monk et al., 1994; Valliéres & Morin, 2003).  

 

Single Time-Point Retrospective Measures 

Single time-point retrospective measures of sleep are inexpensive and can be quickly 

administered, making them ideal for screening patients and epidemiological research studies.  

When patients are asked to recall behaviors that are rare and/or important, they may be able to 

provide relatively accurate retrospective reports (Shwarz, 2007). However, for frequent 

behaviors, such as sleep, patients are unlikely to be able to recall specific details of the many 

episodes. Rather, they must rely upon estimation and inference strategies to provide reports, 

which is subject to error and reporting biases, particularly when the behaviors are more irregular 

(Shwarz, 2007). Overall, research suggests that populations with greater variability in nightly 

sleep patterns may provide even less reliable retrospective reports (Babkoff, Weller, & Lavidor, 

1996). One important source of error in patient reports appears to be attributable to the 

“availability heuristic.” The availability heuristic suggests that patients judge events that are 

more easily remembered as being more frequent (Tversky & Kahneman, 1973; Tversky & 

Kahneman, 1974). In regards to sleep, this may suggest that retrospective estimates of sleep may 
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reflect the nights of sleep that are more easily remembered than others. Research on memory has 

found that recent events and events with greater affective valence are more easily recalled 

(Tversky & Kahneman, 1974; Kihlstrom, Eich, Sandbrand, & Tobias, 2000). This may suggest 

that that patients’ estimates of sleep may be biased towards the most recent nights of sleep or 

those with which the most emotional valence was experienced, such as nights where they 

experienced distress due to poor sleep.  

Brief measures that obtain retrospective estimates of sleep behaviors, are not as accurate 

as the other types of assessments; however there are situations when time and financial 

constraints necessitate their use, such as epidemiological research (Moul, Hall, Pilkonis, & 

Buysse, 2004). For this reason, it is important that the validity of brief, single-time-point 

retrospective measures be evaluated for their ability to obtain accurate estimates of a variety of 

quantitative and qualitative sleep variables. 

 

The Pittsburgh Sleep Quality Index (PSQI) 

The Pittsburgh Sleep Quality Index (PSQI; Buysse, Reynolds, Monk, Berman, & Kupfer, 

1989) is a widely used measure of sleep quality.  It is a brief measure with relatively good 

psychometric properties that is useful for clinicians and researchers to assess for a variety of 

sleep disturbances that might affect sleep quality, and differentiate good sleepers from poor 

sleepers (Buysse et al., 1989). The PSQI is the most used retrospective measure of sleep, and it is 

the only measure that obtains quantitative estimates of sleep habits.  

Items on the PSQI were selected in the 1980s based on the developers clinical experience 

with sleep disordered patients, a review of existing measures of sleep quality, and clinical 

experience with the measure during testing (see methods section for a description of the measure 
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and additional information about its psychometric properties). The seven composite scores of the 

PSQI were selected through the clinical judgment of the developers, and were not derived 

empirically (Buysse et al., 1989). The validation population included “good” sleepers, 52 healthy 

control subjects without sleep complaints, and “poor” sleepers, 34 patients with major depressive 

disorder and 62 physician referred outpatients from a sleep center (45 with a disorder of 

initiating sleep and 17 with a disorder of excessive sleepiness). All subjects were administered 

the PSQI at least once and administered a PSG for 2 or 3 nights. A subgroup (43 controls, 22 

depressed patients and 26 sleep disordered patients) completed the PSQI a second time after one 

month (Buysse et al., 1989).  

Despite the strong internal consistency, test-retest reliability, and high level of 

discriminate validity found with a cut-score of five (selected post-hoc), there was a low level of 

concordance between the PSQI and PSG. The validation sample significantly overestimated both 

sleep duration and sleep efficiency on the PSQI compared to the PSG. Furthermore, only the 

PSQI’s quantitative estimates of sleep latency were significantly positively correlated with PSG 

measurements of sleep latency (r = .33). Likewise, the PSQI global score only significantly 

correlated with PSG measurements of sleep latency (r = .20). Correlations between the global 

score and other PSG parameters were not significant (Buysse et al., 1989).   

The analyses described in Buysse, et al. (1989) indicate that the most reliable and valid 

use of the PSQI is as a non-specific global measure of sleep quality. Since its development, 

several studies have validated its use in several clinical populations. The PSQI has been shown to 

be sensitive for the detection of people with both primary and secondary insomnia (Backhaus, 

Junghanns, Broocks, Riemann, & Hohagen, 2002; Fichtenberg, Putnam, Mann, Zafonte, & 

Millard, 2001). It also has good convergent validity with other measures of sleep problems in 
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many different populations, including patients with cancer (Beck, Schwartz, Towsley, Dudley, & 

Barsevick, 2004; Carpenter & Andrykowski, 1998), the elderly, (Buysse, Reynolds, Monk, 

Hoch, Yeager, & Kupfer, 1991), pregnant women (Skouteris, Wertheim, Germano, Paxton, & 

Milgrom, 2009), and patients receiving bone marrow and renal transplants (Carpenter & 

Andrykowski, 1998).  

 When used as a quantitative measure of sleep parameters, the validity of the PSQI is less 

clear. Consistent with the findings of Buysse et al. (1989), other studies have found that the PSQI 

has insignificant or low correlations with PSG measurement of sleep parameters, and 

overestimates sleep duration and sleep efficiency (Backhaus et al., 2002; Buysse et al., 1991). 

This is not surprising, because the PSG measures sleep on one or two nights, whereas the PSQI 

asked subjects to report their usual sleep over a longer duration (e.g. two-weeks to one month). 

Comparison of the PSQI to sleep diaries will allow for a comparison of more similar durations in 

both quantitative and qualitative variables related to sleep. 

 

Comparisons of PSQI with Sleep Diaries 

Only a few studies have compared the PSQI with sleep diaries. None of which correlated 

the PSQI with daily ratings of qualitative sleep variables, such as sleep quality or daytime 

sleepiness. Fichtenburg et al. (2001) compared the PSQI to seven days of sleep diaries in 50 

patients with traumatic brain injury, 15 of which had insomnia and 35 did not. Means for the 

PSQI derived sleep onset latency (M = 31.9 minutes, SD = 40.9), sleep duration (M = 7.6 hours, 

SD = 1.6), and sleep efficiency (M = 84.9%, SD =18.0) did not significantly differ from the sleep 

diaries. Correlations between the two measures on sleep onset latency (r = .796), sleep duration 
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(r = .633), and sleep efficiency (r = .641) were strong. Results from this study are reported in 

Table 1.  

Backhaus et al. (2002) had 80 middle-aged adults with primary insomnia complete a 

daily sleep diary for seven to fourteen days prior to completing the PSQI. The PSQI in this study 

inquired about sleep habits during the prior fourteen days, but not the prior month. Backhaus et 

al. (2002) found strong correlations between the PSQI global score and sleep diary estimates of 

total sleep time (r = .71) and sleep latency (r = .81). However, patients reported longer sleep 

latency and shorter sleep duration on the PSQI compared to the sleep diary. These results are 

reported in Table 2.  The authors hypothesized that retrospective estimates were biased by 

insomnia patients’ tendency to focus on bad nights of sleep, and therefore report greater sleep 

onset latency and shorter sleep duration.  

Grandner, Kripke, Yoon, and Youngstedt (2006) compared the PSQ Global and 

Component Scores to both sleep diaries and actigraphy in a sample of 53 young and 59 older 

adults. These authors did not report statistics based on raw estimates of sleep parameters (i.e. 

SOL, TST, and SE). The correlation coefficients for comparisons between the PSQI Global and 

Component scores and the sleep diary are reported in Table 4. The PSQI Global Score had 

moderate to high correlations with all sleep diary measurements in older adults (r = .557 to .764); 

but only sleep latency was significantly correlated with the PSQI Global Score in young adults (r 

= .349). Likewise, the component scores on the PSQI had moderate to high correlations with 

analogous sleep diary parameters in older adults, but were generally insignificant or low in 

young adults. While the findings for older adults are consistent with Backhaus et al, (2002), the 

lower concordance found in young adults may have reflected the greater variability in nightly 

sleep habits that has been reported in this population (Bonnet & Arand, 1995). One problem with 
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this study was that subjects only completed sleep diaries for seven days, whereas they completed 

the PSQI estimating their sleep for the entire month. 
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CURRENT STUDY 

The current study compared sleep diaries to the PSQI and a newly developed 

retrospective self-report sleep questionnaire, which asks for separate estimates of weekday and 

weekend sleep patterns, in the largest sample to date. In doing so, the concordance between 

estimates and ratings of quantitative and qualitative sleep parameters were examined. It was 

anticipated that the new measure would be more sensitive to variability that occurs between  

weekday and weekend sleep, and in turn, would increase the overall accuracy of the retrospective 

reports relative to sleep diaries. It was hoped the new measure would provide a less time-

intensive  alternative to the sleep diary (i.e., single-time point retrospective self-report), yet more 

accurate way to assess sleep than using a PSQI, in hopes of improving the quality and quantity of 

data collected in epidemiological studies.  

 

Hypotheses 

There were two hypotheses for this study. First, it was hypothesized that the PSQI global 

and composite scores, as well as the raw estimates of total sleep time, sleep latency, and sleep 

efficiency, would have lower correlations with sleep diaries than the new questionnaire. The 

second hypothesis estimated that total sleep time, sleep latency, and sleep efficiency obtained by 

the new measure would be more accurate than estimates obtained by the PSQI.  
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METHODS 

Participants 

This study utilized an existing database. During the fall 2006 and spring 2007 academic 

semesters, 1,039 undergraduate students at the University of North Texas volunteered to 

participate in, and complete an epidemiological survey of sleep and health in return for extra 

credit in a psychology course. Participant ages ranged from 16 to 60, with a mean of 20.39 years 

(SD = 3.93). Seventy-two percent of the sample self-identified as female, 24.5% male, and 3.5% 

did not indicate their gender. The racial and ethnic diversity of the sample was comprised of 67% 

White (not of Hispanic origin), 13% African American/Black, 10% Hispanic, and 10% other 

(i.e., Native American/Alaskan Native, Asian American, Middle Eastern, or other). 

 

Materials 

As part of an epidemiological survey of sleep in college students, participants completed 

a battery of questionnaires concerning various demographic, psychological, and social variables. 

The current study intended to analyze three of these measures: a seven day sleep diary, the 

Pittsburgh Sleep Quality Index (PSQI; Buysse et al., 1989), and sleep questions included as part 

of a Sleep Questionnaire (SQ), developed by the Sleep and Health Research Laboratory at the 

University of North Texas. 

 

Sleep Diary 

Participants recorded their daily sleep habits in a sleep diary for seven consecutive days.  

There is no standard form of sleep diary that has been validated, but the diary used in the current 

study collected information typical of sleep diaries used in other research studies (Buysse et al., 
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2006; see Appendix B for the current sleep diary). Before bed each night, participants rated how 

rested they felt on a 1 to 10 scale, with a score of 1 being very tired and 10 being rested/alert. 

Participants also recorded how long or if they napped during the day. The following morning, 

participants were instructed to complete items concerning substances consumed during the 

previous day that would affect their sleep and questions concerning the duration and quality of 

sleep obtained during the night. To obtain information about substances that affected sleep, 

participants were instructed to list the type and dosage of any sleep medication used, how many 

alcoholic beverages they consumed before bed “as a sleep aid”, and how many stimulants (e.g. 

caffeinated beverages, Ritalin, etc.) were taken during the previous day. To obtain information 

about sleep duration, participants were asked to record what time they got into bed the previous 

night, how many minutes it took them to fall asleep (i.e. sleep onset latency; SOL), how many 

times they woke up in the middle of the night, how many minutes they were awake in the middle 

of the night (i.e. wake after sleep onset; WASO), how long they laid awake while in bed that 

morning (i.e. time awake in bed; TWAK), and what time they got out of bed that morning.  

The researchers used the time elapsed between the participants bedtime and wake time to 

calculate their time in bed (TIB), and subtracted the participants SOL, WASO, and TWAK to 

calculate their total sleep time (TST). The researchers calculated sleep efficiency (SE) by 

dividing the TST by the TIB and multiplying by 100.  

In addition to the calculations for TST performed by the researchers, the diary required 

participants to estimate their total sleep time (i.e. estimated total sleep time; ETST). Participants 

were neither encouraged nor discouraged from referring back to their answers to previous 

questions to ensure a consistent response. To obtain information about their perception of their 

sleep quality, participants were asked to rate how tired they felt when they woke up in the 
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morning on a 1 to 10 scale (1 = very tired, 10 = rested/alert), and their sleep quality on a 1 to 10 

scale (1 = light, 10 = deep).  

 

Pittsburgh Sleep Quality Index (PSQI) 

The PSQI (Buysse et al., 1989) is a 19 item self-rated questionnaire that yields composite 

scores for the seven domains of subjective sleep quality, sleep latency, sleep duration, habitual 

sleep efficiency, sleep disturbances, use of sleep medications, and daytime dysfunction, as well 

as a global score (see Appendix A for modified version used in this study).  The composite 

scores range from 0 to 3, and the PSQI Global Score ranges from 0 to 21 (see Buysse et al., 1989 

for scoring procedure). A score of greater than 5 on the Global Score is considered suggestive of 

a significant sleep disturbance (Buysse et al, 1989). 

The PSQI includes 4 write-in items and 15 multiple-choice items. The 4 write-in items 

ask participants to estimate their typical bedtime, SOL, time out of bed in the morning, and their 

total sleep time (analogous to ETST as described in the sleep diary). Sleep efficiency is 

calculated by dividing ETST by the TIB (the time elapsed between the bedtime and time out of 

bed) and multiplying by 100. The 15 multiple choice items ask participants about their sleep 

quality, alertness, enthusiasm, and experiences with several sleep disturbances on a 4-point scale. 

Initial validation of the PSQI found a Cronbach’s alpha of 0.83 for the global score 

(Buysse et al., 1989). Correlations between the global score and composite scores ranged from 

0.35 to 0.76 (Buysse et al., 1989). Test-retest reliability was 0.85 for the global score and ranged 

from 0.65 to 0.84 for the domain scales. Using a cutoff score of 5, the PSQI correctly identified 

84% of patients with disorders of initiating or maintaining sleep, 89% with disorders of 
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excessive sleepiness, and 97% of patients with depression. The PSQI global score was correlated 

with sleep latency (r = 0.20) but not with any other polysomnographic measures.  

The PSQI was originally developed to measure sleep quality during the previous month 

(Buysse, 1989); but the current study utilized a modified version which asked participants to 

answer questions based on their usual sleep habits during the previous week. However, the 

researchers believe retrospective estimates of more recent periods (i.e. sleep habits occurring at 

most one-week prior) should be more accurate than more remote periods (i.e. sleep habits 

occurring as much as one month prior). More recent events should be easier for participants to 

remember and be less influenced by recall biases (Bradburn et al., 1987). 

 

Sleep Questionnaire (SQ) 

The SQ was developed by the Sleep and Health Research Laboratory (see Appendix C 

for example of questionnaire). It was intended to collect participant information across a broad 

range of areas, including demographics, socio-economic status, medical disorders, psychiatric 

disorders, sleep disorders, sleep habits,  medication usage, illicit drug use, physical activity, and 

academics. Of interest to the current study were questions about typical sleep habits during the 

prior seven days. Questions were asked twice: once for usual sleep on weekdays and again for 

usual sleep on weekends.  

Questions were similar to those on the sleep diary, asking participants for their usual 

bedtime, SOL, number and duration of awakenings (WASO), and time they woke up in the 

morning. The SQ also asked participants to rate their sleep quality on a Likert-type scale from 1 

to 5 (1 = very restless, 5 = very sound). It is important to note that the SQ did not include a 

question asking about TWAK. Therefore, the researchers calculated TIB as the time elapsed 
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from bedtime to the time they woke up in the morning, and TWAK was not included in the 

calculation of TST (only SOL and WASO were subtracted from TIB). The reliability and 

validity of these sleep questions have not been previously examined.  

 

Procedure 

Students enrolled in undergraduate psychology courses at the University of North Texas 

signed up for the study online via SONA, the system that manages the delivery of extra credit to 

the Department of Psychology undergraduate research participant pool. Once enrolled in the 

study, participants were able to download a digital copy of the informed consent, release forms 

for academic and health records, and questionnaires for the epidemiological survey. Participants 

were instructed to log their sleep habits in the sleep diary for seven days prior to completing the 

PSQI and SQ, among other questionnaires. Participants were instructed to return the signed 

informed consent, releases, and completed study materials to a box located in the main office of 

the Department of Psychology at the University of North Texas.  

 

Analyses 

The first hypothesis is that PSQI global and composite scores, as well as the raw 

estimates of total sleep time, sleep latency, and sleep efficiency, will have lower correlations 

with sleep diaries than the SQ. All variables in the sleep diary were averaged for the entire week. 

For the SQ, weekend sleep and weekday sleep were averaged separately and then a weighted 

total average was calculated. Spearman’s rank correlation coefficients (Spearman’s rho) was 

calculated for comparisons that include variables measured on ordinal scales, which include the 

PSQI Global and component scores. Spearman’s rank correlation coefficients were also 
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calculated for comparisons involving variables with skewed distribution or those that are heavily 

influenced by outliers.  

Pearson’s product moment correlations (Pearson’s r) were used to compare raw estimates 

of total sleep time, sleep latency, and sleep efficiency on the PSQI and SQ with the same 

parameters on the sleep diary. The relative magnitude of correlations between the PSQI and SQ 

with sleep diaries was assessed quantitatively using the Steiger’s Z statistical test for overlapping 

variables recommended by Meng, Rosenthal, and Rubin (1992). 

A second hypothesis is that estimates of total sleep time, sleep latency, and sleep 

efficiency obtained by the SQ will be more accurate than estimates obtained by the PSQI. The 

relative accuracy of the PSQI and SQ was examined performing paired sample t-tests on their 

mean differences from the sleep diary for their average total sleep time, sleep efficiency, and 

sleep latency. The significance of all statistical analyses was evaluated with a two-tailed alpha 

level of 5%. 
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RESULTS 

 A total of 1039 completed the survey, but only 811 participants provided sufficient 

information on the sleep diary, sleep questionnaire (SQ) and the Pittsburgh Sleep Quality Index 

(PSQI) for the analyses included in the current study. Participants (n = 133) with missing data for 

key variables (i.e., sleep efficiency (SE), sleep onset latency (SOL), total sleep time (TST),  

wake after sleep onset (WASO), sleep quality), across any of the measures, were excluded from 

the study to ensure that comparisons between the SQ and PSQI were based on the same sample. 

A number of participants also provided responses which yielded extreme, and in some cases 

impossible responses (e.g. extremely large or small total sleep times, sleep efficiencies greater 

than 100%). In most cases, these responses appeared to occur because participants confused AM 

and PM in their responses. In these instances, the participant’s intended response was inferred. 

However, many participants (n = 95) reported greater TST than time in bed (TIB) on the PSQI, 

which caused their sleep efficiency to be greater than 100% and were excluded from the study.  

 Table 3 includes demographic information for participants included in the current 

analyses.  The mean age for the sample was 20.32 years (SD = 3.70 years). The racial and ethnic 

make-up of the sample resembled that of the general UNT undergraduate student population 

(University of North Texas, 2007). Included and excluded participants were compared on 

important demographic data. Excluded participants, who were not missing demographic data, did 

not significantly differ from included participants in age, t(1018) = .985, p = .32,  gender, χ2(1, n  

= 995) = .001, p = .98,  race/ethnicity, χ2(5, n  = 1029) = 9.26, p = .10, marital status, χ2(2, n  = 

1013) = 2.86, p = .24, and academic rank , Z  = -.391, p = .696. 

 Means and standard deviations for total sleep time, sleep latency, sleep efficiency, and 

WASO are provided in Table 5. Differences between the sleep parameters were compared with 
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repeated measures ANOVAs and pairwise comparisons found differences between the measures 

on all parameters (all ps < .05). The mean PSQI Global Score was 5.62 (SD = 2.76) out of 21 and 

the mean for Component 1, subjective sleep quality, was 1.06 (SD =.65) on a scale of 0 to 3, with 

lower scores on the PSQI reflecting greater quality of sleep. The mean sleep quality rating on the 

SQ, and sleep diary were 4.56 (SD = 1.10) on a scale of 1 to 5, and 7.02 (SD = 1.53) on a scale 1 

of 10 respectively, with higher scores on these measures reflecting greater sleep quality. 

 The relative accuracy of the PSQI and SQ was examined by performing paired sample t-

tests on their mean differences from the sleep diary for their average total sleep time, sleep 

efficiency, and sleep latency. The results of these analyses are presented in Table 6. In 

comparing difference scores, it was found the PSQI was significantly less accurate, by 

approximately 4%, in estimating sleep efficiency than the SQ, t(810) = 14.05, p < .001. However 

the SQ was significantly less accurate, by approximately 1.6 minutes, in estimating sleep onset 

latency t(810) = 4.94, p < .001. There was a trend towards the PSQI being less accurate than the 

SQ in estimating total sleep time, t(810) = 1.68, p = .094. It is of note that although differences 

were somewhat similar in absolute magnitude, the direction of the difference was consistently 

opposite, with the PSQI underestimating parameters and the SQ overestimating the parameters.  

 Next, the SQ and PSQI raw estimates of total sleep time, sleep latency, and sleep 

efficiency, as well as ratings of sleep quality, were compared with sleep diary using Pearson’s 

product moment correlations. The relative magnitude of correlations between the PSQI and SQ 

with sleep diaries was then assessed quantitatively using the Steiger’s Z statistical test for 

overlapping variables. As can be seen in Table 7, correlations were significantly greater between 

the sleep diary and SQ than between the sleep diary and PSQI for TST, Z = 2.42, p < .05, and 

SE, Z = 7.66, p < .01. There was a trend for a higher correlation between sleep diary and PSQI 
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than the sleep diary and SQ on SOL, Z = 1.63, p = .10. The relative strengths of the relationships 

between the SQ and PSQI with the sleep diary are illustrated by the scatter plots presented in 

Figures 1-3. Finally, the correlation between the sleep diary and SQ was significantly greater 

than the correlation between the sleep diary and the PSQI global score, Z = 1.99, p < 0.05. The 

correlation coefficients between other PSQI Component Scores and the sleep diary are presented 

in Table 8.  

  An additional analysis was performed to determine whether retrospective reports of sleep 

are more likely to reflect weekday sleep or weekend sleep. Pearson’s product moment 

correlations were used to compare estimates of weekday and weekend sleep on the SQ with the 

PSQI. The relative magnitude of correlations between weekday estimates of sleep with weekend 

estimates of sleep with the PSQI was then assessed quantitatively using the Steiger’s Z statistical 

test for overlapping variables.  The correlation coefficients and Z scores for analyses of total 

sleep time, sleep latency, wake after sleep onset, sleep efficiency, and sleep quality are included 

in Table 9. For all variables except sleep efficiency, estimates of weekday sleep had significantly 

greater correlations with the PSQI than estimates of weekday sleep (ps < .05). This indicates that 

retrospective self-report sleep measures that do not differentiate between weekday and weekend 

sleep, will be a greater reflection of weekday sleep.  
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DISCUSSION 

 The purpose of this study was to determine if there was a less time-intensive alternative 

to the sleep diary (i.e., single-time point retrospective self-report), yet more accurate way to 

assess sleep than using the Pittsburgh Sleep Quality Index (PSQI), in hopes of improving the 

quality and quantity of data collected in epidemiological studies. For the important parameters of 

total sleep time (TST) and sleep efficiency (SE), the sleep questionnaire (SQ) appears to have 

served this purpose. Although the PSQI was significantly more accurate in estimating sleep diary 

sleep onset latency (SOL), the SQ was significantly more accurate in estimating SE, which is a 

more global assessment of sleep accounting for sleep onset latency, wake time after sleep onset, 

and time awake in bed in the morning. There SQ trended to be more accurate on TST. Similarly, 

the SQ correlated more highly than the PSQI on TST and SE, but not on other variables.  

 

Comparison with Previous Studies 

  The results of this study differed somewhat from previous studies. Fichtenburg et al. 

(2001) compared the PSQI to 7 days of sleep diaries in 50 patients with traumatic brain injury. 

Results from this study are provided in Table 1. The study found that that the PSQI did not differ 

significantly from the sleep diaries on derived SOL (31.9 min. vs 31.9 min.), TST (456 min. vs 

462 min.), and SE (84.9% vs 88.2%). Fichtenburg et al. (2001) also found stronger correlation 

coefficients for comparisons between the PSQI and sleep diary.  Although Fichtenburg et al. 

(2001) found the PSQI provided relatively accurate estimates of the sleep parameters compared 

to the current study; both studies had similar findings, that the PSQI underestimated TST and SE. 

One possible explanation for the differences between studies may be attributable to the 

size and make-up of their respective samples. Fichtenburg et al. (2001) utilized a relatively 
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small, clinical, sample, which presumably allowed for greater oversight of participants to ensure 

they understood the questionnaires and completed them correctly. In contrast, the current study 

minimized contact with participants, by design, to aid the inclusion of as many participants as 

possible. This explanation is supported by the relatively large number of participants (n = 95) 

who were excluded due invalid responses on the PSQI (i.e. SE of greater than 100%). If 

oversight is required to ensure appropriate responses on the PSQI, its utility in epidemiological 

studies is greatly diminished.  

Backhaus et al. (2002) had 80 middle-aged adults with primary insomnia complete a 

daily sleep diary for 7 to 14 days prior to completing the PSQI, and found strong correlations 

between the PSQI and sleep diary. Results from this study are provided in Table 2. As with the 

current study, Backhaus et al (2002) also found that the PSQI underestimated sleep duration. 

However, the current study found that the PSQI underestimated SOL, while Backhaus et al 

(2002) found that the PSQI overestimated SOL.  

Grandner et al. (2006) compared the PSQI Global and component scores to sleep diaries 

a sample of 53 young and 59 older adults. Results from this study are provided in Table 3. These 

authors did not compare raw estimates of sleep parameters (i.e. SOL, TST, and SE). They found 

the component and global scores on the PSQI had moderate to high correlations with analogous 

sleep diary parameters in older adults, but moderate to low correlations for young adults. The 

current study generally found higher correlations between the PSQI Global and component 

scores and sleep diary, which were in the moderate range for analogous variables. This finding 

suggests that the PSQI Global and Component Scores may provide more accurate estimates of 

sleep in young adults than previously reported.  
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Limitations 

The overall pattern of results indicated that the SQ at the very least performs as well, if 

not better, than the PSQI when compared to sleep diaries. However, a possible reason the SQ 

outperformed the PSQI was that the questionnaires did not calculate quantitative variables the 

same way. For example, the PSQI asks a person to estimate their total sleep time, while both the 

SQ and the sleep diary calculate total sleep time by subtracting a person’s sleep onset latency, 

wake after sleep onset, and time awake in bed during the morning, from their time in bed. These 

differences extended to sleep efficiency, for which the sleep diary and SQ divided the calculated 

total sleep time by the participant’s estimate of time spent in bed, whereas the PSQI divided the 

person’s estimate total sleep time by their time spent in bed. Consequently, higher correlations 

between the SQ and sleep diary on these variables may be attributed to their similarity in 

structure. 

This explanation is especially plausible when results for sleep onset latency and sleep 

quality are taken into consideration.  Differences between the sleep diary, SQ, and PSQI were 

relatively minor in their assessment of SOL and sleep quality (specifically subjective sleep 

quality on the PSQI), and differences between the SQ and PSQI in the relative magnitudes of 

their correlations with the sleep diary on these variables were not significant. Even then, 

differences in the wording of questions and scaling of responses remained for these variables (i.e. 

higher versus lower responses indicating greater sleep quality) which further complicate 

interpretation of these results.  

However, it is important to note that the SQ was purposefully structured to match the 

sleep diary. Wake after sleep onset (WASO) and time awake in bed (TWAK) are important 

metrics in sleep measurement, and their inclusion in both the SQ and sleep diaries was thought to 
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promote more accurate and detailed reporting of sleep. This appears to be the case, as 95 

participants estimated their TST time to be greater than their TIB on the PSQI, which led to 

estimates of SE which were greater than 100%. Although the relative similarity of the structure 

of the SQ to the sleep diary decreases the validity of any inferences made regarding the utility of 

separate weekday and weekend sleep measurement, the large number of participants that provide 

invalid responses to the PSQI suggests SQ has a superior structure.  

An important assumption in the current study is that sleep diaries were completed 

prospectively. However, some participants may have completed their sleep diaries at one time, 

retrospectively, at the end of the week. It was assumed that sleep diaries were generally 

completed prospectively as instructed, and the large sample size would have minimized the 

impact of participants who did not. 

Another limitation of this study is that 132 participants were excluded from the analyses 

because of missing data. It was impossible determine why these participants failed to respond to 

all questions; however, their exclusion from the analysis represented a possible source of bias. 

Finally, it is important to acknowledge that the sample used in the current study was not 

representative of the general population. The college students included in this sample were 

generally younger, healthier, and more educated than the general population. Furthermore, the 

sample included a disproportionate number of women compared to men.  

 

Future Directions 

Although the current study supports the use of the SQ as a replacement for the PSQI, the 

data is inconclusive as to whether measuring weekday sleep and weekend sleep improves 

retrospective reports. Future studies may test this hypothesis experimentally. This could be 
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accomplished by randomly assigning participants to complete to complete one of two versions of 

the questionnaire, which are identical with the exception that one questionnaire asks patients to 

provide estimates of their sleep over the entire week, and the other version asks participants to 

provide estimate their weekday and weekend sleep separately. This would determine if it is 

possible to provide an even shorter assessment of sleep variables, while maintaining fidelity. 

It is also important to validate the SQ in different populations. Future studies should 

compare the SQ with sleep diaries in samples more representative of the general population, as 

well as different clinical populations.  

In conclusion, the overall results of this study suggest that the SQ may serve as a less 

time-intensive replacement to sleep diaries for measuring quantitative and qualitative sleep 

variables in epidemiological studies. Furthermore, the SQ appears to be as accurate, if not more 

accurate than the PSQI, a commonly used retrospective measure of sleep. Due to the previously 

discussed limitations, the results are inconclusive as to whether measuring weekday and 

weekend sleep separately yields more accurate single time-point retrospective estimates of sleep. 

Table 1  
 
Fichtenburg et al. (2001) PSQI and Sleep Diary Variables: Means, Standard Deviations, and 
Correlation Coefficients (n = 50) 
 

        PSQI Sleep Diary Correlation 
Coefficient 

Sleep-onset latency, min 31.9 ± 40.9 31.9 ± 32.2 .796 

Sleep duration, min 456 ± 120 462 ± 96 .633 

Sleep efficiency, % 84.9 ± 18.0 88.2 ± 12.3 .641 

Note. All differences were nonsignificant.  
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Table 2  
 
Backhaus et al. (2002) PSQI and Sleep Diary Variables: Means, Standard Deviations, and 
Correlation Coefficients 
 

        PSQI Sleep Diary Correlation 
Coefficient 

Sleep-onset latency, min 51.8 ± 69.0 38.1 ± 28.9           .81 

Sleep duration,  min 298.1 ± 101.6 398.9 ± 81.8           .71 

Note. Significant differences between means not reported. N = 80.  

Table 3  
 
Demographics for Included Participants 
 
   N % 

Gender 
Male 200 24.7 
Female 586 72.3 
Missing 25 3.1 

Race/Ethnicity 

White (non hispanic) 553 68.2 
African American/Black 95 11.7 
Hispanic 78 9.6 
Asian/Pacific Islander 42 5.2 
Native American 5 0.6 
Other 36 4.4 
Missing 2 0.2 

Marital Status 

Married 38 4.7 
Single 751 92.6 
Divorced 8 1.0 
Missing 14 1.7 

Academic Rank 

Freshman 297 36.6 
Sophomore 217 26.8 
Junior 130 16.0 
Senior 112 13.8 
Missing 55 6.8 
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Table 4  
 
Grandner et al. (2006) Correlations Coefficients (Rho) for Comparison of PSQI Global and Components Scores with Sleep Diaries 
 

  
 Sleep efficiency Total sleep time Wake-after-sleep 

onset Sleep latency 

Global score Combined (n = 112) −.562** −.307** .262** .480** 
Younger (n = 59) −.220 −.084 .034 .349** 
Older (n = 53) −0.764** −.548** .561** .557** 

Component 1 – 
subjective sleep 
quality 

Combined (n = 112) −.432** −.240* .210* .354** 
Younger (n = 59) −.091 −.006 −.006 .185 
Older (n = 53) −.707** −.581** .542** .511** 

Component 2 – sleep 
latency 

Combined (n = 112) −.378** −.101 .241* .488** 
Younger (n = 59) −.064 .093 .070 .432** 
Older (n = 53) −.644** −.417** .555** .560** 

Component 3 – sleep 
duration 

Combined (n = 112) −.473** −.454** .235* .275** 
Younger (n = 59) −.136 −.331* .049 .043 
Older (n = 53) −.631** −.581** .530** .464** 

Component 4 – 
habitual sleep 
efficiency 

Combined (n = 112) −.563** −.411** .260** .242* 
Younger (n = 59) −.009 −.131 −.114 −.081 
Older (n = 53) −.789** −.642** .611** .495** 

Component 5 – sleep 
disturbances 

Combined (n = 112) −.034 −.070 .040 .156 
Younger (n = 59) −.155 −.160 .071 .367** 
Older (n = 53) .027 .078 .012 −.093 

(table continues) 

25 



 
 

Table 4 (continued). 
 

  Sleep efficiency Total sleep time Wake-after-sleep 
onset Sleep latency 

Component 6 – use of 
sleeping medication 

Combined (n = 112) −.199* −.005 .114 .146 
Younger (n = 59) −.081 −.032 .105 .224 
Older (n = 53) −.212 .040 .085 .105 

Component 7 – daytime 
dysfunction 

   Combined (n = 112) −.307** −.168 .105 .206* 
    Younger (n = 59) −.322* −.097 .063 .103 
   Older (n = 53) −.430** −.329* .268 .312* 

Note. *p < 0.05; **p < 0.01.  
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Table 5  
 
Means and Standard Deviations for Sleep Diary, Sleep Questionnaire, and Pittsburgh Sleep 
Quality Index 
 

 Sleep Diary  Sleep 
Questionnaire  Pittsburg Sleep 

Quality Index F p η2 

 Mean SD  Mean SD  Mean SD    

TST 449.38 63.11  469.86 74.13  424.66 73.83 224.73 <.001 .357 

SOL 21.21 19.71  24.65 20.04  19.94 16.65 86.30 <.001 .176 

WASO 7.00 10.27  9.66 15.46  N/A N/A 37.38 <.001 .044 

SE 90.84 5.93  94.09 5.17  86.89 10.69 289.93 <.001 .418 

Note. All pairwise comparisons significant, p < .05. TST = total sleep time (minutes); SOL = sleep onset latency 
(minutes); WASO = wake time after sleep onset; SE = sleep efficiency (%).  
 

Table 6  
 
Comparison of Sleep Questionnaire and Pittsburg Sleep Quality Index Mean Differences from 
Sleep Diary 
 

 Mean Difference  from Sleep Diary   

 
Sleep 

Questionnaire 
Pittsburg Sleep 
Quality Index t p 

TST 45.03 48.16 1.68 0.09 

SE 4.17 8.21 14.05 <0.001 

SOL 9.43 7.88 4.94 <0.001 

Note. TST = total sleep time (minutes); SOL = sleep onset  latency (minutes); SE = sleep efficiency (%).  
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Table 7  
 
Comparison of Correlations of Sleep Measures with Sleep Diary 
 

 
Sleep 

Questionnaire 
Pittsburg Sleep 
Quality Index Z p 

TST 0.670 0.620 2.42 <0.05 

SE 0.596 0.328 7.66 <0.01 

SOL 0.614 0.637 -1.63 0.10 

Quality 0.501 0.466a 

0.438b 
1.19 
1.99 

0.23  
<0.05 

Note. a PSQI Subjective Sleep Quality (Component 1); bPSQI Global Score; TST = total sleep time; SOL = sleep 
onset latency; SE = sleep efficiency.   

 
Table 8  
 
Comparison of Correlations of PSQI with Sleep Questionnaire Weekend and Weekday Variables 
 

 Weekday Weekend Z p 

TST 0.680 0.411 8.30 <0.01 

SE 0.276 0.204 2.01 <0.05 

SOL 0.853 0.573 14.61 <0.01 

Note. TST = total sleep time; SE = sleep efficiency; SOL = sleep onset latency. 

 
Table 9  
 
Comparison of Correlations of Sleep Diary with Sleep Questionnaire Weekday 
 

 
Weekday-

Sleep Diary 
Weekend-

Sleep Diary 
Weekday-
Weekend Z p 

TST 0.616 0.411 .254 6.02 <0.01 

SE 0.542 0.500 .443 0.72 0.23 

SOL 0.586 0.487 .548 3.69 <0.01 

WASO 0.527 0.588 .416 2.08 <0.05 

Quality 0.486 0.353 .505 4.31 <0.01 

Note. TST = total sleep time; SOL = sleep onset latency; WASO = wake after sleep onset; SE = sleep efficiency.   
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Table 10  
 
Correlations of PSQI Global and Component Scores with Sleep Diary 
 

  
Subjective 

Sleep 
Quality 

Sleep 
Latency 

Sleep 
Duration 

Habitual 
Sleep 

Efficiency 

Sleep 
Disturbances 

Daytime 
Dysfunction 

Global 
Score 

Day r -.313** -.147** -.190** -.104** -.170** -.372** -.367** 

 rho -.312** -.135** -.199** -.092** -.170** -.367** -.366** 

Wake r -.249** -.133** -.147** -.084* -.147** -.303** -.299** 

 rho -.242** -.121** -.158** -.077* -.147** -.308** -.316** 

Quality r -.466** -.329** -.171** -.158** -.281** -.174** -.438** 

 rho -.464** -.318** -.158** -.170** -.264** -.186** -.438** 

TST r -.169** -.075* -.522** -.068 -.012 -.133** -.264** 

 rho -.153** -.056 -.502** -.065 -.021 -.139** -.253** 

SE r -.340** -.511** -.240** -.306** -.185** -.179** -.520** 

 rho -.361** -.538** -.199** -.273** -.224** -.203** -.531** 

SOL r .229** .553** .077* .231** .077* .106** .390** 

 rho .250** .694** .027 .209** .187** .091** .439** 

WASO r .247** .265** .084* .223** .283** .130** .347** 

 rho .300** .283** .084* .198** .371** .143** .368** 

Note. Day = Alertness during the day; Wake = Feeling of restfulness at wake time; Quality = Sleep Quality; TST = total sleep time; SE = sleep efficiency; SOL = 
sleep onset latency; WASO = wake after sleep onset.
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Figure 1. Correlation of Sleep Questionnaire and PSQI with sleep diary for total sleep time 
(minutes). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Correlation of Sleep Questionnaire and PSQI with sleep diary for sleep efficiency (%). 
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Figure 3. Correlation of Sleep Questionnaire and PSQI with sleep diary for sleep onset latency 
(mintutes). 
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