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Both sleep diaries and actigraphy have been recommended to assess sleep in research 

and clinical settings. Investigators have traditionally used sleep diaries that were completed 

daily by participants and collected weekly but have recently begun using sleep diaries that are 

both completed and collected daily. No research had previously assessed the agreement 

between daily-collected sleep diaries and actigraph data over one week. Undergraduate 

students were randomly assigned to use daily- or weekly-collected sleep diaries. Sleep 

parameters obtained from these measures were compared to each other via concordance with 

concurrent actigraph data. It was hypothesized that daily-collected sleep diaries would have 

greater concordance with actigraphy than weekly-collected sleep diaries. Results indicated that 

daily-collected sleep diaries provided more reliable data than weekly-collected sleep diaries, 

but the differences were not statistically significant. Additional aims examined self-reported 

sleep diary adherence, the participation day number, and day of the week. There were trends 

for the Daily group to have better adherence. Overall concordance did not change based on the 

day number or day of the week. Both sleep diaries yield comparable sleep parameter data, 

suggesting that clinicians and researchers can use either method to estimate sleep parameters. 
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CHAPTER 1 

INTRODUCTION 

Assessment of sleep and sleep disorders is becoming increasingly common in research 

and clinical practice. Both objective (e.g., polysomnography [PSG] or actigraphy) and subjective 

(e.g., sleep diaries) measures of sleep have been recommended in these settings (Buysse, 

Ancoli-Israel, Edinger, Lichstein, & Morin, 2006; Kushida et al., 2005; Morgenthaler et al., 2007).  

Polysomnography (PSG) 

PSG is usually conducted in a laboratory, and includes the measurement of multiple 

physiological parameters, including brain activity, eye movements, muscle tone and movement, 

heart rate, and respiratory activity (Chesson et al., 1997). These physiological parameters are 

used to diagnose sleep disorders (e.g., sleep apnea and periodic limb movement disorder) and 

score sleep into sleep stages (i.e., wake, non-rapid eye movement sleep, and rapid eye 

movement sleep). Although often considered the “gold standard,” PSG is characterized by 

several limitations: significant patient and lab burden, limited feasibility for multiple-night 

studies (Buysse et al., 2006), lack of external validity (Tryon, 2004), and high financial costs for 

the PSG equipment, trained personnel, and time requirements. For these reasons, it is 

necessary to use measures that can estimate sleep parameters (e.g., time in bed, total bedtime, 

sleep onset latency, number of awakenings, wake time after sleep onset, and terminal 

wakefulness) in the  home across several nights. Methods such as diaries are commonly used in 

health care and clinical research to document patient experiences (Stone, Shiffman, Schwartz, 

Broderick, & Hufford, 2003). 
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Sleep Diaries 

A sleep diary is a series of questions that ask participants to provide a subjective 

estimate of the previous night’s bedtime, sleep onset time, sleep offset time, rise time, and 

awakenings, which can then be used to estimate additional sleep parameters (Carney et al., 

2012). Sleep diaries, or sleep logs, are considered the “gold-standard” for subjective sleep 

assessment (Carney et al., 2012).  

Sleep diaries offer many benefits. They are easy to administer in the home environment 

for prolonged periods of time (Vallières & Morin, 2003) and are less expensive to conduct and 

interpret than PSG and actigraphy. Sleep diaries also provide valuable information that 

objective data cannot provide, such as perceived sleep quality, environmental factors (e.g., bed 

partner, roommate, pets, noise, room temperature, etc.), and relevant daytime events (e.g., 

caffeine, alcohol, and medication use), which may affect sleep behavior. Daily sleep variability 

data is especially useful in sleep disorders research (Martin & Hakim, 2011).  

Even though sleep diaries offer many benefits, limitations of sleep diaries must also be 

considered. Because the participant is asked to complete the diary each day over extended 

periods of time (i.e., weeks), participant burden is a concern (Martin & Hakim, 2011). The 

person may forget to record diary data in a timely manner, thus expectations about sleep, recall 

bias, and memory impairments can influence the data (Martin & Hakim, 2011). A person may 

also change their sleep patterns (for better or worse) in reaction to ongoing self-monitoring 

behavior (Libman, Fichten, Bailes, & Amsel, 2000). Sleep diaries have traditionally been 

administered via paper, and researchers usually collect the sleep diary once per week. 

Consequently, participants often forget to complete the sleep diary or inadvertently provide 
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inaccurate responses. Because researchers and clinicians rely on sleep diary data to make 

research and treatment decisions, it is important that such data is as accurate as possible. 

Paper sleep diaries have required researchers and clinicians to manually enter data and 

calculate sleep parameters. Newer sleep diary technology (telephone-, online-, or personal 

digital assistant- collection) (Buysse et al., 2007; Edinger, Means, Stechuchak, & Olsen, 2004; 

Espie et al., 2012; Oxman et al., 2007; Ritterband et al., 2009; Scharf et al., 2005; Sharkey, 

Carskadon, Figueiro, Zhu, & Rea, 2011) allows researchers to collect the sleep diary data every 

day, which may address some of these limitations.  

Despite limitations, diaries are commonly used because they are thought to provide 

more accurate data than single-point retrospective questionnaires (Stone et al., 2003). Because 

sleep diaries are subjective, and sleep is characterized by reduced consciousness, it is difficult 

for people to estimate their own sleep onset latency (time to fall asleep), number of 

awakenings (frequency of awakening during the sleep period), and wake time after sleep onset 

(time awake during the sleep period). In comparison to other sleep questionnaires, sleep diaries 

are thought to be less influenced by recall bias when completed each morning (Blake & Kerr, 

2010; Martin & Hakim, 2011). Sleep diaries may have questionable validity in providing 

accurate sleep-wake information in college students (Carney, Lajos, & Waters, 2004). Thus, it is 

recommended that sleep diaries promote validity with clear instructions (Berger et al., 2008). 

Despite widespread use, little research has reported formal validity and reliability data 

regarding sleep diaries (Carney et al., 2012). Subjective perception of sleep is a unique and 

valued perspective that might not agree with PSG and actigraphy on all sleep parameters 

(Carney et al., 2012). In adults with insomnia, sleep diaries were found to be significantly 
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correlated with PSG on time in bed, total sleep time, sleep onset latency, sleep efficiency, 

number of awakenings, and wake time after sleep onset (Frankel, Coursey, Buchbinder, & 

Snyder, 1976; Lichstein et al., 2006). In adults with no sleep complaints, sleep diaries were 

found to be significantly correlated with PSG on time in bed and sleep onset latency (Frankel et 

al., 1976). However, these validation studies were conducted in a sleep laboratory, over one to 

fus nights, which severely limits external validity. Although sleep diaries provide valuable 

subjective information, they lack objective information which actigraphy can provide. 

Actigraphy 

An actigraph is a small, wrist-worn device (similar to a watch) that detects motion 

during sleep and waking using an accelerometer, which measures the speed and degree of 

motion, and stores an activity value for each epoch (e.g., every 30 seconds). The stored 

information is then downloaded to a computer and the computer software uses validated 

algorithms to analyze and score each epoch as “wake” or “sleep.” Based on the scored epochs 

in the bedtime to rise time interval, sleep parameters can be estimated. In addition to 

measuring activity to determine sleep parameters, some actigraphs measure environmental 

light, detect when the device is removed, and allow the participant to mark events (i.e., 

bedtime and rise time) by pressing a button (Meltzer, Montgomery-Downs, Insana, & Walsh, 

2012).  

A primary benefit of actigraphs is that they can continuously collect objective wrist 

activity data in the person’s natural environment for prolonged periods of time (i.e., weeks) 

(Ancoli-Israel et al., 2003; Lichstein et al., 2006; Sadeh, 2011; So, Buckley, Adamson, Horne, & 

Centre, 2005), which likely captures a representative sample of a person’s activity levels. In 
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comparison with PSG, actigraphy is a less expensive and nonintrusive method of collecting 

objective “sleep” data (Buysse et al., 2006; Lichstein et al., 2006; Sadeh, Hauri, Kripke, & Lavie, 

1995; So et al., 2005). This is especially relevant in populations for which PSG and sleep diary 

data is more difficult to obtain, such as infants, young children, and elderly populations (Ancoli-

Israel et al., 2003). Actigraphy is not influenced by people’s expectations, recall bias, or memory 

impairments (Martin & Hakim, 2011). Because of these benefits, actigraphy is increasingly being 

used in clinical sleep research across a wide range of ages and health conditions (Ancoli-Israel 

et al., 2003). 

Although actigraphy provides many benefits, it also has some limitations. Actigraphs are 

more expensive than sleep diaries (Martin & Hakim, 2011). Participants could remove the 

actigraph from the wrist, or the actigraph could work improperly, which would result in missing 

data. Although the event marker button is designed to allow the person to indicate bedtime 

and rise time, not all actigraphs are equipped with this capability, and participants could forget 

to press the event marker button. Without bedtime and rise time, other sleep parameters 

cannot be accurately calculated. Standardized actigraphy methods to determine bedtime and 

rise time without an event marker have not yet been established. There are a variety of 

actigraphs with different movement sensitivities, sampling capabilities, and software scoring 

algorithms, which makes the devices difficult to compare (Sadeh & Acebo, 2002).  

Even with these limitations, in 1995, the Standards of Practice Committee of the 

American Sleep Disorders Association reviewed the actigraphy literature and determined that 

actigraphy is a reliable and valid tool to objectively measure sleep (Thorpy et al., 1995). 

Actigraphy is also considered reliable (Jean-Louis, Kripke, Mason, Elliott, & Youngstedt, 2001; 
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Vallières & Morin, 2003) when compared to PSG (Ancoli-Israel et al., 2003; Berger et al., 2008) 

in healthy normal adult populations, but it is less reliable in populations with disturbed sleep 

(Ancoli-Israel et al., 2003). One study found that five or more nights of usable data is necessary 

to obtain reliable sleep parameters in children and adolescents (Acebo et al., 1999). 

Unfortunately, actigraphy validation studies are usually conducted in a laboratory setting over 

no more than four nights, which limits external validity. The most appropriate statistical metrics 

for validity assessment of actigraphy are sensitivity and specificity (Kushida et al., 2001; Meltzer 

et al., 2012). Sensitivity is the proportion of PSG-scored sleep epochs accurately identified as 

sleep by actigraphy, and specificity is the proportion of PSG-scored wake epochs accurately 

identified as wake by actigraphy (Meltzer et al., 2012). The sensitivity and specificity of 

actigraphy are important because both sleep and wake epochs are used to estimate sleep 

parameters (Meltzer et al., 2012). In comparison to PSG, actigraphy has yielded high sensitivity 

(96-99%), but low specificity (34-75%) values in healthy adults over two consecutive nights 

(Sadeh, Sharkey, & Carskadon, 1994; de Souza et al., 1994), with similar values in pediatric 

samples over five to seven nights (Meltzer et al., 2012). In general, actigraphy has 

demonstrated approximately 90% accuracy when inferring sleep and wake states (Sadeh et al., 

1994; de Souza et al., 1994). Actigraphy has been shown to overestimate sleep onset latency 

and total bedtime, but underestimate the number of awakenings and wake time after sleep 

onset in healthy adults over two nights of measurement (de Souza et al., 1994). Advances in 

accelerometry and computer software has improved classification of wake and sleep epochs, 

leading to more valid actigraphy data in recent years (Ancoli-Israel et al., 2003). Extra features 

of actigraphs such as measuring light, detecting when the device is removed, and allowing the 
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person to mark events help researchers identify artifacts and determine the bedtime to rise 

time interval (Boudebesse et al., 2012). Given that actigraphy is a generally valid and ever-

improving method of sleep assessment, it is important to assess the concurrent validity of 

actigraphy with sleep diaries.   

Concurrent Sleep Diary and Actigraphy 

Sleep diaries and actigraphy provide complementary information (Vallières & Morin, 

2003) and are often used concurrently (Sadeh, 2011). Even when actigraphy software is used to 

score each epoch as “wake,” “rest,” or “sleep,” the bedtime to rise time interval may require 

manual entry by the researcher (Morgenthaler et al., 2007), which is often obtained from the 

times reported on the sleep diary. Kushida and colleagues recommend that subjective data be 

used with actigraphy data to estimate total bedtime and sleep efficiency, especially in people 

with sleep disorders (Kushida et al., 2001).  

The combination of actigraphy and sleep diaries offers several benefits. Daily sleep 

diaries provide subjective reports of sleep-related experiences that actigraphy cannot capture, 

while actigraphy provides objective information that the participant cannot accurately provide 

(Ancoli-Israel et al., 2003; Sadeh et al., 1995), such as activity, lux levels, and objective 

indications of bedtime, sleep onset, sleep offset, and rise time. Simultaneous sleep diary and 

actigraphy use can provide reference points for actigraphy interpretation (Lockley, Skene, & 

Arendt, 1999) and editing (Sadeh et al., 1995) when identifying actigraph artifacts (Meltzer & 

Westin, 2011). Although there are many benefits, there are some limitations of concurrently 

using actigraphy and sleep diaries, particularly when the reported sleep diary does not match 

the actigraphy data.  
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Because sleep diary reports are subjective, not all sleep parameters are expected to be 

congruent with actigraph data. Berger et al. (2008) suggest that some sleep parameters (i.e., 

sleep onset latency and sleep efficiency) are difficult to determine from actigraphy unless 

bedtime is indicated with an actigraph event marker and confirmed by a sleep diary. However, 

other sleep parameters are relatively easy to measure subjectively (e.g., bedtime, rise time, and 

time in bed) and are therefore expected to be concordant with actigraphy. Correlations 

between sleep diary and actigraphy data for each sleep parameter are presented in Table 1, 

and differences between sleep diary and actigraphy data for each sleep parameter are 

presented in Table 2 (Currie, Malhotra, & Clark, 2004; Lichstein et al., 2006; Lockley et al. 1999; 

O’Reardon et al., 2004; Wang, Chang, & Lin, 2010). Consistent with suggestions by Berger et al. 

(2008), correlations of sleep onset latency and sleep efficiency measured by weekly sleep 

diaries and actigraphy demonstrated mixed findings, as did the number of awakenings and 

wake time after sleep onset. When reported, bedtimes and rise times measured by weekly 

sleep diaries and actigraphy were significantly correlated. These parameters (i.e., bedtime and 

rise time) deserve the most attention when assessing sleep diary/actigraphy concordance for 

two reasons: they define the period of interest for all remaining sleep parameters, and 

concordance can be improved. Lockley et al. (1999) attributed the actigraph’s overestimation of 

sleep to a misinterpretation of automatic sleep scoring and suggested that modifying the 

algorithm may minimize the differences. Although actigraphy could be improved, it may be 

more feasible, effective, and cost-effective to improve sleep diaries. 

Given that some sleep parameters are difficult to measure subjectively (e.g., sleep onset 

latency, sleep efficiency, and wake time after sleep onset), the concordance with actigraphy is 
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difficult to improve. This described lack of concordance between weekly-collected sleep diaries 

and actigraphy (for sleep onset latency and sleep efficiency) may be partially explained by poor 

compliance with weekly-collected sleep diaries, given that memory impairments can influence 

the data. In a sample of chronic pain patients who were instructed to complete a diary at three 

specific times per day for three weeks, those who used a weekly-collected diary reported 90.5% 

compliance, but actual compliance (based on a sensor that detected diary openings) was only 

10.9%, whereas those who used a daily-collected diary had an actual compliance rate of 93.6%. 

(Stone, Shiffman, Schwartz, Broderick, & Hufford, 2003). Although this study was conducted 

with pain diaries, it is expected that weekly-collected and daily-collected compliance rates 

would be comparable for sleep diaries, but this has not been evaluated to date. Additional 

studies that examine the validity of sleep diaries are needed to refine and standardize current 

sleep assessment methodologies. 

In this study, undergraduate students were randomly assigned to use daily- (daily) or 

weekly-collected (weekly) sleep diaries. Sleep parameters (e.g., sleep efficiency, bedtime, rise 

time, time in bed, total sleep time, sleep onset latency, terminal wakefulness, and wake after 

sleep onset) obtained from sleep diaries were compared to concurrent actigraphy data to 

determine concordance (i.e., absolute value of actigraphy minus diary) for each parameter.  

Aim 1: To determine if group membership (weekly or daily) affects the reliability of sleep 

diary data, as measured by concordance (i.e., absolute value of actigraphy sleep 

parameter – diary sleep parameter). The mean differences between measures on 

specific variables (i.e., sleep efficiency, bedtime, rise time, time in bed, total sleep time, 

sleep onset latency, terminal wakefulness, and wake after sleep onset) will be compared 
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between groups for all parameters using a multivariate analysis of variance (MANOVA), 

with follow-up univariate analyses.  

Hypothesis 1: Sleep parameter concordance will be greater (i.e., smaller differences) for 

those in the daily group than in the weekly group, due to increased accountability, thus 

increased compliance.  

Aim 2: To determine if group membership (weekly or daily) affects self-reported sleep 

diary adherence. The responses to a Sleep Diary Adherence questionnaire will be 

compared between groups using a Mann-Whitney test.  

Hypothesis 2: Self-reported sleep diary adherence will be better for those in the daily 

group than in the weekly group, due to increased accountability. The daily group will 

report: 

a) greater frequency of sleep diary completion  

b) less time to completion in relation to rise time 

c) greater confidence of sleep diary accuracy 

Aim 3: To determine if sleep parameter concordance changes depending on the day 

number of study participation. The change over time will be analyzed using a MANOVA, 

with follow-up univariate analyses. 

Hypothesis 3: Sleep parameter concordance will decrease (i.e., greater absolute 

differences) as the participation day number increases due to decreased compliance 

over time.  
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Aim 4: To determine if sleep parameter concordance changes depending on the day of 

the week. Concordance will be analyzed using a MANOVA with day of the week as the 

independent variable, with follow-up univariate analyses. 

Hypothesis 4: Concordance will be lower (i.e., greater differences) on weekend days 

than on weekdays, due to less structured wake time schedules.  

Aim 5: To determine if group membership (weekly or daily) affects sleep parameter 

concordance, after controlling for other variables (i.e., demographics, personality 

factors, or sleep disorders) that differ between groups.  

Hypothesis 5: Sleep parameter concordance will be greater for those in the daily group 

than in the weekly group, after controlling for existing group differences.  
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CHAPTER 2 

METHODS 

A power analysis was conducted to determine the appropriate sample size for this study 

using G*Power 3.1 (Faul, Erdfelder, Lang, & Buchner, 2007). Because no previous study has 

examined the differences between weekly- and daily-collected sleep diaries, a medium effect 

size (f = .25) was used. With an error probability (alpha level) of .05, and a power level of .80, an 

estimated 104 total participants were needed for this study to identify statistically significant 

differences on the eight dependent sleep variables listed above. 

Participants 

 Undergraduate students (N = 115) currently attending the University of North Texas 

(UNT) were recruited to participate via classroom announcements, flyers, and SONA Systems 

(an experiment management system for the UNT Department of Psychology). Participants were 

awarded course credit using SONA Systems or by e-mailing instructors (during the summer 

semester when SONA Systems was not available). Participants were included if they were 18 

years of age or older and consented to participation. Students were excluded if they had 

completed sleep diaries in the past.   

Measures 

Sleep diaries, actigraphy and polysomnography (PSG) typically generate data regarding 

bedtime, sleep onset time, sleep offset time, rise time, and the timing, frequency, and duration 

of awakenings (Buysse et al., 2006). Data provided by these measures are used to calculate 

sleep parameters. Time in bed (TIB) refers to the amount of time spent in bed with the intent to 

sleep—bedtime to rise time. Total sleep time (TST) refers to the total amount of time spent 
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sleeping—sleep onset to sleep offset minus wake time after sleep onset. These sleep 

parameters are used to calculate sleep efficiency (SE; TST/TIB x 100). Sleep onset latency (SOL) 

refers to the amount of time it takes to initiate sleep—bedtime to sleep onset. The number of 

awakenings (NWAK) simply refers to the number of awakenings between sleep onset and sleep 

offset. Wake time after sleep onset (WASO) refers to the amount of time during those 

awakenings. Terminal wakefulness (TWAK) refers to the amount of time spent trying to sleep 

after awaking —sleep offset to rise time (Buysse et al., 2006). Collectively, these parameters are 

used to describe sleep characteristics. However, sleep diaries, actigraphy, and PSG estimate 

sleep parameters based on different information. We used sleep diaries and actigraphy because 

they allow for prospective assessment of sleep over the course of a week, and thus provide 

more external validity than PSG.   

Sleep diaries. Sleep diaries measure the following information: bedtime, sleep onset 

time, SOL, NWAK, WASO, sleep offset time, rise time, sleep quality, and comments. A modified 

version of the Consensus Sleep Diary (CSD) was used, which was recently developed by an 

expert consensus to serve as a standardized sleep diary, primarily for the purposes of insomnia 

research (Carney et al., 2012). Sleep diary data was entered independently by two researchers 

and inter-rater reliability was assessed. Another researcher determined responses for 

discrepant data. Sleep parameters were calculated in SPSS 20.0.  

Weekly-collected sleep diaries. The weekly-collected sleep diary included instructions to 

complete the diary each morning soon after awakening. 
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Daily-collected sleep diaries. The daily-collected sleep diary, modified for telephone use, 

included instructions to complete the paper diary each morning soon after awakening and to 

leave a voicemail for the researcher to check each day for one week.  

Actigraph.  Actigraph data was collected using Respironics Actiwatch Spectrum devices, 

worn on the non-dominant wrist. They are comparable in size and shape to a typical wristwatch, 

and weigh 30 grams. Each device uses a solid-state piezo-electric accelerometer, with a 

sampling rate of 32 Hz (bandwidth .35-7.5 Hz) and a sensitivity value of .025 g-force to detect 

movement. Each device also uses a color sensitive photodiode light sensor to measure 

phototopic illuminance (lux) (0.1-5500 µW/cm2) in the wavelength range of 400-700 nm. The 

actigraph is designed to operate at 5 to 40°C, and is resistant to water, dust, heat, cold, and 

perspiration. The actigraph contains an event marker button and a feedback display to indicate 

that the button was adequately pressed. The devices were configured on a Dell computer 

running Windows 7 operating system with Respironics Actiware version 5.71, and the actigraph 

time was synchronized to the computer. Each device displayed the time, and a button could be 

pressed to display the date. The actigraphs were configured to record activity and RGB light in 

30-second epochs (2880 per day). The recorded data was retrieved on the same computer.  

Actiware is designed so that the researcher can modify the intervals to be scored and 

the automatic-scoring (“wake” or “sleep”) sensitivity. A trained researcher manually 

determined bedtimes and rise times based on the event marker times, activity values, and light 

levels (lux). Actiware sensitivity settings were configured to be moderately sensitive, so that an 

activity value of 40 or greater was automatically scored as wake. Actiware was also configured 
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so that sleep onset and offset times were determined by 10 immobile minutes, which is the 

recommended default setting.  

After the actigraph intervals were verified by a trained researcher, Actiware calculated 

sleep parameters (bedtime, rise time, sleep onset time, sleep offset time, TIB, TST, SE, SOL, 

NWAK, WASO, TWAK) for each day for each participant. The sleep parameter data was 

exported into Excel, and then transferred into SPSS.  

Health Questionnaire. The Health Questionnaire was developed by the UNT Insomnia 

Research Laboratory. It is designed to collect information about participant demographics, 

socio-economic status, health problems, medication use, and illicit drug use. This information 

was used to assess for effects of age, gender, ethnicity, and to provide health information that 

may be relevant to sleep behavior. 

NEO-Five Factor Inventory. The NEO Five-Factor Inventory (NEO-FFI) is a 60-item 

questionnaire that was designed to concisely estimate five basic personality factors: 

neuroticism, extraversion, openness, agreeableness, and conscientiousness (McCrae & John, 

1992). Each factor is measured by 12 items. Neuroticism is characterized by anxiety, depressed 

mood, and jealousy. Extraversion is being concerned with things outside the self, and is 

characterized by a tendency to be enthusiastic, gregarious, and assertive. Openness is 

characterized by imagination, aesthetics, preference for variety, and intellectual curiosity. 

Agreeableness is characterized by honesty, cooperation, and empathy. Conscientiousness is 

characterized by being thorough, careful, and vigilant. Of these five personality factors, 

conscientiousness is most relevant to sleep diary adherence because it reflects the degree to 

which someone is concerned with doing something correctly.  
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Sleep Diary Adherence.  The Sleep Diary Adherence Questionnaire is a self-report 

measure that was designed for this study to collect information about sleep diary adherence. It 

has not been validated. The four-item questionnaire assessed the degree to which the 

participants understood the instructions, frequency of completion, time of completion in 

relation to waking, and the degree of confidence that the data is accurate.     

Procedures 

This study was approved by the university Human Subjects Research Institutional 

Review Board. Participants met with a research assistant and signed the informed consent to 

participate before data was collected. Participants were then yoked and randomly assigned to 

two groups: weekly-collected sleep diary or daily-collected sleep diary. Participants who were 

yoked together began and completed the study on the same days. Participants began the study 

on weekdays but not weekends. They were asked to complete the Health Questionnaire and 

NEO-FFI in the research laboratory. Then each participant was given an actigraph to wear on 

the non-dominant wrist and a sleep diary to complete for one week. The research assistants 

provided detailed verbal instructions, answered participants’ questions, and gave each 

participant a hard copy and an electronic copy of written sleep diary and actigraph instructions. 

Participants were instructed to press the actigraph event marker button at times they made an 

attempt to sleep (bedtime) and wake up for the day (rise time). They were asked to wear the 

actigraph at all times, with the exception of situations in which it could be damaged or interfere 

with usual activities (e.g., swimming, contact sports, or art projects). Every day throughout the 

week, the researcher checked to see if the participants who had been given the daily-collected 
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sleep diary had called to report their data. If the researcher did not receive the voicemail by 

approximately 2:00 p.m., the researcher called both the participant who had not called and the 

yoked participant in the weekly-collected sleep diary group to remind the participants to 

complete their diaries. Each participant returned the actigraph and sleep diary, and completed 

the Sleep Diary Adherence questionnaire one week after beginning participation.  
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CHAPTER 3 

RESULTS 

Participants 

 Data was collected for this study from August 2013 until November 2013. In total, 156 

University students expressed interest, but 11 were never scheduled due to scheduling conflicts 

and 15 cancelled before being randomized. Thus, 130 participants were randomized, but 13 did 

not attend the appointment, and 2 were ineligible due to previous sleep diary completion. In 

total, 115 participants completed the study, and 108 of these were yoked together in the daily-

collected (n = 54) and weekly-collected (n = 54) groups (Figure 1).  

 The sample consisted of 70.4% female and 28.7% male university students (0.9% did not 

respond) with an average age of 19.89 (SD = 2.80) years. The sample included 41.7% freshmen, 

17.4% sophomores, 16.5% juniors, and 17.4% seniors (6.1% did not respond). For ethnicity, 

28.7% identified as Hispanic or Latino and 63.5% identified as not Hispanic or Latino (7.8% did 

not respond). Regarding race, 64.3% reported White, 12.2% reported more than one race, 9.6% 

reported Black or African American, 2.6% reported Asian, and 1.7% reported American Indian 

or Alaska Native (9.6% did not respond). Most of the sample (97.4%) reported their marital 

status as single, and 2.6% did not respond. Most of the participants did not report sleep 

problems (70.4%), but 24.4% reported that they currently experience sleep problems (5.2% did 

not respond). The number of participants in each demographic for each group are presented in 

Table 3. 

 To test for group differences on demographic variables, we performed chi square 

analyses comparing groups (weekly vs daily) on demographic variables (gender, race, ethnicity, 
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marital status, and academic rank) and reported sleep problems. An analysis of variance 

(ANOVA) was used to compare mean ages between groups. The only difference between 

groups was on racial composition, χ2(1, N = 115) = 11.09, p = 0.03, where the weekly group  had 

fewer people reporting their race as White, and more people reporting their race as Black or 

African American or more than one race, than the daily group. The gender, ethnicity, academic 

rank, age and reported sleep problems were not statistically different between groups. ANOVAs 

were also performed to test for existing group differences on NEO Five Factor Inventory (NEO-

FFI) subscale scores, which revealed significant differences between groups on the NEO-FFI 

extraversion subscale. The weekly-collected sleep diary group reported more extraversion (M = 

30.68, SD = 5.64) than the daily-collected sleep diary group (M = 28.02, SD = 7.45), F = 4.57, p = 

0.035. 

 Correlations of sleep diary and actigraphy data (Table 4) were comparable to those 

found by other researchers (Table 1), with significant correlations on sleep efficiency (SE; 

Lichstein et al., 2006), total sleep time (TST; Lichstein et al., 2006; Currie, Malhotra, & Clark, 

2004), sleep onset latency (SOL; Currie, Malhotra, & Clark, 2004), wake after sleep onset 

(WASO; Lichstein et al., 2006), and number of awakenings (NWAK; Lichstein et al., 2006; Currie, 

Malhotra, & Clark, 2004). Similarly, overall mean differences between sleep diary and 

actigraphy data (Table 4) were comparable to other findings by other researchers (Table 2) on 

SE (Currie, Malhotra, & Clark, 2004; Wang, Chang, & Lin, 2010), TST (Wang, Chang, & Lin, 2010), 

SOL (Wang, Chang, & Lin, 2010), and NWAK (Lichstein et al., 2006). Thus the majority of the 

sleep diary and actigraphy correlations and difference scores were consistent with existing 

literature. Additionally, means of sleep diary and actigraphy TST and SOL are comparable to 
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values reported by college students (Lund, Reider, Whiting, & Prichard, 2010). Missing data 

analyses indicated that the amount of missing data for each variable was not substantial 

enough to require data imputation, so missing data was deleted by SPSS depending on the 

analysis (Tabachnick & Fiddell, 2007).  

Sleep Diary and Actigraphy Concordance 

 To address the first hypothesis, a between-subjects MANOVA was performed with 

group (weekly vs. daily) as the independent variable and sleep parameter (SE, TIB, TST, bedtime, 

rise time, SOL, TWAK, WASO) mean differences as the dependent variables. Box’s Test of 

Equality of Covariance Matrices was significant (p < .001), suggesting there was not 

homogeneity of the variance-covariance matrices of the dependent variables. This 

heterogeneity was likely due to the use of several dependent variables that were highly related. 

Pillai’s Trace was used to test significance, as it is robust to violations of the homogeneity of the 

variance-covariance assumption (Tabachnick & Fidell, 2007). Overall, the main effect of group 

was not statistically significant (Pillai’s trace = .05, F(8, 103) = 0.72, p = .671, partial 2 = .053), 

suggesting that weekly versus daily sleep diary collection did not significantly affect sleep diary 

concordance with actigraphy. To thoroughly describe the data, follow-up exploratory pairwise 

comparisons were performed to examine differences for each sleep variable. Levene’s test of 

equality of error variances was statistically significant for TIB and TST, indicating the weekly 

group had more variance in their responding than the daily group, likely as a function of their 

reduced accountability. As can be seen in Table 5, only TIB differences were statistically 

significant (p = .027, d = 0.42), with the daily group demonstrating better concordance than the 

weekly group. Similar non-significant patterns were also seen on every sleep parameter except 
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TWAK and WASO, with the daily group demonstrating better concordance than the weekly 

group (Table 5). 

Self-Reported Sleep Diary Adherence 

To address the second hypothesis, a Mann-Whitney test was performed to determine if 

groups differed on self-reported frequency of diary completion, time to completion in relation 

to rise time, and confidence in accuracy of data. Results indicate that there were trends for the 

daily group to have greater self-reported frequency of diary completion, U = 1506.50, p = 0.09, r 

= 0.13, and confidence, U = 1443.00, p = 0.09, r = 0.13, than the weekly group, but no 

differences in self-reported time to completion in relation to rise time, U = 1571.00, p = 0.32, r = 

0.04.  

Duration of Study Participation 

 To address the third hypothesis, a MANOVA was performed with participation day 

number (i.e., 1, 2, …, 6, 7) as the independent variable and sleep parameter differences (SE, TIB, 

TST, bedtime, rise time, SOL, TWAK, WASO) as the dependent variables. Overall, the within 

subjects effect of day number was not statistically significant (Pillai’s Trace = .08, F(60, 4296) = 

1.03, p = .412, partial 2 = .014), suggesting that sleep diary concordance with actigraphy did 

not change throughout the week. To thoroughly describe the data, exploratory follow-up 

univariate ANOVAs and pairwise comparisons were performed to examine differences for each 

dependent variable. Levene’s Test of Equality of Error Variances was statistically significant for 

bedtime, rise time, and SOL, indicating that the variance was unequal across groups. Univariate 

analyses indicated that concordance decreased as the participation day number increased for 

WASO, F(6, 720) = 2.41, p = .026, but the univariate analyses were not statistically significant for 
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any other sleep parameters. Pairwise comparisons indicated day 6 for WASO was significantly 

different from day 1 (, p = .001), day 3 (p = .013), day 4 (p = .008), and day 7 (p = .012). 

Polynomial contrasts of participation day were examined, and a linear model fit the data best 

for all sleep parameters. Linear contrasts were statistically significant for TST, p = .009, and 

there were statistical trends for bedtime, p = .052 and WASO, p = .095. A graph of the TST 

concordance means for each day (see Figure 2) indicates that TST concordance was best on day 

1 (difference of 40 min.), decreased (i.e., differences increased) on days 2-6 (peak of 57 min. on 

day 6), and then slightly increased (difference of 56 min.) on day 7. 

Day of the Week 

 To address the fourth hypothesis, a MANOVA was performed with day of the week as 

the independent variable and sleep parameter concordance for each day as the dependent 

variables. Box’s Test of Equality of Covariance Matrices was significant (p < .001), suggesting 

there was not homogeneity of the variance-covariance matrices of the dependent variables. 

Overall, the main effect of day of the week was not statistically significant (Pillai’s Trace = .53, 

F(48, 4314) = 0.972, p = .528, partial 2 = .011), suggesting that the day of the week did not 

significantly affect sleep parameter concordance. To thoroughly describe the data, exploratory 

follow-up univariate ANOVAs and pairwise comparisons were performed to examine 

differences for each dependent variable. Levene’s Test of Equality of Error Variances was 

statistically significant for rise time, TIB, TST, and SOL, indicating that the variance was unequal 

across groups. Univariate analyses were not statistically significant for any sleep parameters. 

Pairwise comparisons were suggestive of some different patterns on weekends. There was a 

difference from Thursday to Saturday for TST and TIB, and from Thursday to Sunday for TST. 
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There was a difference from Friday to Saturday and Sunday for WASO. There was no 

discernable pattern for SOL and TWAK.  

Covariate Analysis 

To address the last hypothesis, a between-subjects multivariate analysis of covariance 

(MANCOVA) was performed with group as the independent variable, race and extraversion as 

covariates, and sleep parameter mean differences as the dependent variables. Because race 

and extraversion differed between groups, both variables were added as covariates (Miller & 

Chapman, 2001). Overall, the main effect of group was not statistically significant (Pillai’s Trace 

= .06, F(8, 85) = 0.63, p = .747, partial 2 = .056), suggesting that group membership (weekly or 

daily) did not significantly affect sleep diary concordance with actigraphy after controlling for 

race and extraversion.  
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CHAPTER 4 

DISCUSSION 

 This was the first study to experimentally compare actigraph concordance between 

daily-collected and weekly-collected sleep diaries. The primary aim of this study was to 

determine if group membership (weekly or daily) affects the reliability of the sleep diary data, 

in comparison to actigraphy data. Additional aims examined self-reported sleep diary 

adherence, the participation day number, day of the week, and covariates. Group membership 

(weekly vs daily) did not significantly affect sleep diary concordance with actigraphy, when 

examined within a multivariate model. Exploratory analyses showed the daily group was 

significantly more accurate than the weekly group when reporting time in bed (TIB). Similar 

non-significant patterns were observed on every other sleep parameter except terminal 

wakefulness (TWAK) and wake after sleep onset (WASO), which were equal (Table 5). There 

were also trends (p < .10) for the daily group to have greater self-reported frequency of diary 

completion and confidence than the weekly group. Concordance significantly decreased 

throughout the week only for WASO. Polynomial contrasts indicate that total sleep time (TST) 

differences showed a linear trend throughout the week, but the change was not statistically 

significant. Concordance did not change based on the day of the week (e.g., Sunday). These 

data suggest that group membership, participation day number, and day of the week did not 

affect concordance, with few exceptions. 

The primary hypothesis was that sleep parameter concordance would be greater for the 

daily group than the weekly group, but results showed that group membership did not 

significantly affect sleep diary concordance with actigraphy. However, exploratory univariate 
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analyses showed the daily group was significantly more accurate than the weekly group when 

reporting TIB (13 min; Table 5). This between-group difference is meaningful, given that TIB 

defines the period of interest for all remaining sleep parameters. Although not statistically 

significant, the between-group differences for bedtime (10 min) and rise time (16 min) are 

clinically meaningful because they are adjusted by behavioral sleep medicine providers for 

treatment, (Chesson et al., 1999). The directions of the findings were consistent with the 

hypothesis, with the daily group having better concordance than the weekly group for all 

remaining parameters except TWAK and WASO, which were equal (Table 5). This suggests that 

the daily group provided more reliable data than the weekly group, but the differences were 

generally not statistically significant. There are several possible reasons that the data did not 

support the primary hypothesis. The sample size was estimated a priori with a medium effect 

size. Given that the effect sizes found were smaller than expected (i.e., average d = .18), a much 

larger sample size (N = 1,886) would be needed to achieve statistical significance. A larger 

sample size would also allow the groups more comparable at the beginning of the study, given 

that the racial composition and amount of extraversion differed between groups. These 

variables were statistically controlled for in a between-groups analysis, but the experimental 

design would have been stronger if groups were equal on all demographic and personality 

factor variables.  

A close examination of the data suggests there was significantly more within-group 

variance than between group variances for all sleep parameter differences (Table 5). For 

example, for sleep efficiency (SE) difference group means, there was only 1.2% difference 

between groups, but the SDs were 3.9% and 8.7% for daily and weekly groups respectively 
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(Table 5). Thus, if sleep diary data was more concordant with actigraph data, there would be 

less within-group variance to account for in the analyses. Therefore, it is important to consider 

other explanations for minimal between-group differences. As described in the methods, the 

research assistants provided very detailed verbal instructions and provided each participant 

with written instructions. It is possible that the participants followed the instructions better 

than most people who are asked to complete sleep diaries in clinical samples, where less time 

and effort is expended during instruction. In particular, the weekly group may have been more 

compliant than other samples that complete weekly-collected sleep diaries. Unfortunately, the 

discordance between sleep diary and actigraphy bedtime and rise time is not reported in the 

literature, and therefore cannot be compared. The discordance between sleep diary and 

actigraphy SE and TST were similar to values reported by Currie et al. (2004), but the SOL 

discordance was greater and the WASO discordance was less than reported. These differences 

could be attributed to differences in the samples (normal college students vs. recovering 

alcoholic middle-aged adults with insomnia) or differences in actigraphy (device and settings). 

The second hypothesis was that self-reported sleep diary adherence would be better for 

the daily group regarding frequency of completion, time to completion in relation to rise time, 

and confidence of providing accurate data. Results indicated that there were trends (i.e., p 

< .10) for the daily group to have greater self-reported frequency and confidence than the 

weekly group, but these results were not statistically significant (i.e., p < .05). The direction of 

these findings is consistent with our hypotheses. There were no group differences in self-

reported time to completion in relation to rise time, but the direction of the relationship 

indicated that the daily group reported greater time to completion which was inconsistent with 
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our hypothesis. Overall, the participants completed the sleep diary on 6 to 7 occasions 

throughout the week, completed the diary within approximately one hour of awaking, and felt 

confident that the sleep diary data were accurate, reflecting good adherence. There are several 

possible reasons that the data did not support the hypotheses for Aim 2. The Sleep Diary 

Adherence questionnaire has not been used in any other samples, and therefore has not been 

validated. Although the researchers carefully designed this questionnaire, it may not accurately 

reflect adherence to the sleep diary instructions. The questionnaire instructions specifically 

requested honest responses, but the participants may have responded in a socially desirable 

manner (i.e., demand characteristics). Additionally, the questionnaire assessed average 

adherence over the week and responses were categorized, so the data may not accurately 

reflect the variability of actual adherence.  

It was expected that the daily group would self-report good adherence because of 

increased accountability, but it was not expected that the weekly group would also self-report 

good adherence. If self-reported sleep diary adherence reflects actual adherence (i.e., the 

weekly group completed the diary most days and within an hour of waking), the results imply 

that the frequency of diary collection (weekly or daily) does not significantly affect adherence. 

Both groups were asked to complete the sleep diary every day, and the weekly group followed 

instructions well. It is possible that the added task of calling in the diary contributed to the 

prolonged time to completion for the daily group, because this was an additional task that the 

Weekly group did not complete.   

These findings are consistent with the concordance findings described in Aim 1. The 

daily group reported slightly better sleep diary adherence and somewhat greater concordance 
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than the weekly group, but the differences between groups were not statistically significant. 

Together, the results suggest that the daily collection of diaries increases accountability, thus 

adherence and concordance, but this effect is minimal relative to the variability involved in 

measuring sleep diary concordance with actigraphy (e.g., instructions, comprehension, ease of 

use, reminders).     

The third aim was to determine if sleep diary concordance with actigraphy changes 

throughout the week of data collection. It was hypothesized that concordance would decrease 

over time for all sleep parameters, but the results showed that overall, concordance did not 

change depending on the participation day number. This suggests that concordance is relatively 

stable throughout one week, but it is possible that sleep diary adherence would decrease after 

one week, which would presumably decrease concordance. This is important because sleep 

diaries are often used for more than one week in a clinical setting (Chesson et al., 1999) 

Although the within-subjects effect was not statistically significant, univariate analyses 

and pairwise comparisons were examined. Concordance only significantly changed throughout 

the week for WASO. This suggests that the participants were better at estimating their WASO at 

the beginning of the week than by the end of the week. This effect appears to be driven by 

decreased concordance on day 6, as the pairwise comparisons were significant for days 1, 3, 4, 

and 7. Given that actigraphy consistently reports greater WASO than sleep diaries, any increase 

in sleep diary WASO would increase WASO concordance. Because the participants were not 

used to tracking WASO and sleeping with an actigraph on their wrists, it is possible that 

participants recalled more wake time than usual for the first few nights, and recalled less wake 

time as they adjusted to the protocol. This would look like increased concordance, but might 
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actually reflect the Hawthorne effect (i.e., a confound that occurs if the participants’ behavior is 

affected by a change in the environment; Adair, 1984).  

Because this aim observes change over time, it is important to model the data using 

linear, quadratic, and cubic functions. Polynomial contrasts of participation day were examined, 

and a linear model fit the data best for all sleep parameters, but was only statistically significant 

for TST. As seen in Figure 2, TST concordance was best on Day 1, decreased on Days 2 to 6, and 

then slightly increased on Day 7. Other sleep parameter concordance variables did not appear 

to have a relationship with the participation day number. Taken together, sleep parameter 

concordance did not change over time, but it is important to consider that one week is a 

relatively short period in which to observe an effect of time on concordance. 

The fourth aim sought to determine whether the day of the week affected concordance. 

It was hypothesized that concordance would decrease on weekends, but the results showed 

that concordance did not change based on the day of the week. This suggests that the 

participants completed the sleep diary on all days of the week, not just weekdays. Again, it is 

important to consider that this data was only collected for one week, so the results may have 

been different with two or more weeks of data.   

Although the within-subjects effect was not statistically significant, univariate analyses 

and pairwise comparisons were examined. Univariate analyses were not statistically significant 

for any sleep parameters, indicating that the differences between days were not statistically 

significant. There was no discernable pattern for SOL and TWAK. There was a difference from 

Thursday to Saturday for TST and TIB, and from Thursday to Sunday for TST. There was a 

difference from Friday to Saturday and Sunday for WASO. The patterns described suggest that 
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TST concordance was worst on the weekend, consistent with the hypothesis. Other parameters 

hint at this pattern, but the data does not fully support it. Given that the sample was comprised 

of college students with varying work and school schedules, it is possible that weekday 

schedules are no more structured than weekend schedules, which would minimize the 

differences. The concordance differences between weekdays and weekends may be more 

apparent in other samples. Taken together, this suggests that concordance did not significantly 

change based on the day of the week, but it is important to consider the weekday and weekend 

schedules of the sample. 

The last aim was designed to assess for covariates that may have affected the between-

groups results from Aim 1. Because race and extraversion differed between groups, both 

variables were added as covariates. Group membership (weekly or daily) did not significantly 

affect sleep diary concordance with actigraphy after controlling for race and extraversion. 

Although the groups did not have similar racial composition and extraversion, this did not affect 

the results of Aim 1.   

Limitations 

There were several limitations in this study regarding external and internal validity. The 

sample consisted of public university students in the north Texas area who volunteered to 

participate. Therefore, the results may not generalize to other age groups, education levels, 

regions, and cultures. In particular, the education level of the participants may have led to 

increased adherence. However, the data from this study can serve as a reference point for 

future studies, which will improve our understanding of sleep diary adherence and concordance 

in other samples. By examining sleep diary concordance in a normal college student sample, we 
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have a better understanding of this population’s sleep diary adherence and actigraphy 

concordance over one week, which is important given that several studies report sleep diary 

and actigraphy data on college samples. Although the distribution of males and females was 

similar between groups, a disproportionately large number of females participated in the study. 

Therefore, the results may not be generalizable to males. This would be a more important 

limitation if the results were compared to a sample with sleep disorders with greater male 

preponderance (e.g., sleep apnea), but for samples diagnosed with sleep disorders which have 

a greater prevalence in females (e.g., insomnia), the results may be more applicable.  

The sample was also comprised of normal sleepers, with 26% reporting that they 

currently experience one or more sleep problem. This research demonstrates that for normal 

sleepers, the frequency of diary collection did not significantly affect the results, but these 

findings may not generalize to samples with clinically significant sleep disorders. Although sleep 

diaries and actigraphy are commonly used in samples with sleep disorders, it is arguably just as 

important to understand sleep behaviors of normal sleepers for comparison.  Daily-collection 

may not significantly improve concordance for normal sleepers, but might make a difference for 

those with disturbed sleep, in which case sleep diaries could be individualized. These results are 

very important for research on normal populations, as many studies expend a great amount of 

effort collecting daily diaries, which these results show is likely not necessary. 

College students are socialized to complete written assignments at home, which may 

have increased compliance. Additionally, this cohort of college students likely has more 

experience tracking behaviors (e.g., with mobile phone applications) than other cohorts, which 

may have increased adherence. Therefore, as future studies examine sleep diary and actigraphy 
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concordance in other samples, we will better understand how these variables affect sleep diary 

adherence, and in turn, concordance. The social aspect of tracking behaviors each day may 

serve as an important variable in increasing adherence. Because the participants volunteered to 

participate and read a description of the study before consenting, a selection bias may have led 

them to be more cooperative than the general population. This may have caused more 

adherence than would be observed in samples that complete sleep diaries for treatment. 

However, this limitation is unavoidable in the research setting. Future studies might consider 

measuring willingness to complete sleep diaries every day so that it could be accounted for in 

the analyses, but self-reported willingness would likely be biased by demand characteristics.  

In addition, the results may not generalize to situations outside of a controlled research 

setting. Although course credit was not contingent on sleep diary completion, the participants 

might have been more compliant if they thought that sleep diary completion would affect 

course credit. It is possible that the collection of objective data increases compliance for 

subjective data (i.e., the Hawthorne effect), but it is not feasible to examine sleep diary 

concordance with actigraphy without asking the participant to wear an actigraph. Thus these 

findings may not generalize to data collection with only a sleep diary.  

Implications and Future Directions 

 Though the results did not support the hypotheses, it is important to consider the 

implications of these findings. Weekly-collected diaries may be less expensive in terms of 

materials and researchers’ time, and are less burdensome to complete. Given the findings of 

this study, sleep diaries can be collected weekly without compromising the reliability of the 

sleep parameter data, statistically speaking. However, to attain the most reliable data, daily-
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collected sleep diaries are recommended. It is especially important to maximize adherence in 

samples in which participants might lack motivation to adhere to the instructions (i.e., not 

attaining course credit). This is particularly relevant when determining bedtimes, rise times, and 

TIB, which are important sleep parameters for clinical treatment (e.g., cognitive behavioral 

therapy for insomnia; Chesson et al., 1999). These differences are minimal on an individual level, 

but given the prevalence of sleep disorders (Ram, Seirawan, Kumar, & Clark, 2010), the 

implications of these findings are substantial for public health.  

To address the limitations above, future studies could examine larger and more diverse 

samples to determine whether the results are generalizable to the population. Specifically, it is 

important to study non-college students, other regions, ethnic and racial diversity, both 

genders, and other age groups. Given that some clinical treatments rely on sleep diary data, it is 

important to study people with sleep disorders in addition to normal sleepers. Perhaps the 

concordance differences observed between the daily and weekly groups would be exaggerated 

in clinical samples.  

This study experimentally examined daily sleep diary collection as an independent 

variable that could affect adherence and concordance, but several other variables could affect 

adherence and concordance. Future studies should consider examining sleep diary instructions, 

comprehension, ease of use, and reminders as independent variables. More specifically, the 

method of instruction (e.g., verbal, written, or both) and the accessibility of instructions (e.g., 

hard copy at home, electronic copy on phone) might affect participant compliance. Similarly, 

the comprehension of the instructions may vary, so individual differences such as level of 

education and intelligence could be assessed. Ease of use is also likely to affect compliance, so 
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other methods of data collection (e.g., texting, phone app, online) could be explored. Lastly, 

daily reminders could improve adherence, but the timing, frequency, and method of reminders 

has yet to be studied.  

In addition to measuring self-reported sleep diary adherence, actual sleep diary 

adherence could be measured with the use of a sensor that detects diary openings (see Stone, 

Shiffman, Schwartz, Broderick, & Hufford, 2003). This would allow researchers to compare daily 

adherence to weekly adherence and to examine adherence as a predictor of concordance. 

Though PSG lacks external validity, it is the “gold standard” for the measurement of sleep 

parameters, so it would be valuable to assess the concordance between different sleep diaries 

and PSG in future research.  

The main goal of the study was to determine if group membership (weekly vs. daily) 

affects the reliability of sleep diary data, as measured by concordance. Results indicated that 

the daily group provided more reliable data than the weekly group, but the differences were 

not statistically significant. In conclusion, weekly- and daily- collected sleep diaries yield 

comparable sleep parameter data, suggesting that clinicians and researchers can use either 

method to estimate sleep parameters, and resulting data can be compared across days and 

between studies. 
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Table 1.1           

Pearson correlations Between Sleep Diary and Actigraphy 
                

Author (Year of publication) N Sample Duration SOL SE TST NWAK WASO Bedtime Rise time 

Lichstein et al. (2006) 57 Adults with insomnia 1 night 0.13 0.36** 0.60** 0.07 0.29* — — 

Currie et al. (2004) 56 Recovering alcoholics with insomnia 7 nights 0.64*** 0.09 0.46*** — 0.20 — — 

Lockley et al. (1999) 49 Blind adults 4 weeks 0.12 — — 0.06 0.22 — — 

O'Reardon et al. (2004) 89 Adult night eaters and controls 7 nights — — — — — 
0.93*** & 
0.95*** 

0.83*** & 
0.85*** 

Wang et al. (2010) 39 Adult lung cancer patients 7 nights -0.12 0.24 0.1 0.49** — — — 

Note. * p < .05; **p<.01, ***p<.001. SOL, sleep onset latency; SE, sleep efficiency; TST, total sleep time; NWAK, number of awakenings; WASO, wake 
time after sleep onset.          
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Table 1.2           

Differences Between Sleep Diary and Actigraphy (min) 
                

Author (Year of 
publication) 

N Sample Duration SOL SE (%) TST NWAK WASO Bedtime Rise time 

Lichstein et al. (2006) 57 Adults with insomnia 1 night 15.2 1.6 2.70 29.9 9.8 — — 

Currie et al. (2004) 56 Recovering alcoholics with insomnia 7 nights 10.9 3.4 2.4 — 15.30 — — 

Lockley et al. (1999) 49 Blind adults 4 weeks 10 — — 5 25 — — 

O'Reardon et al. (2004) 89 Adult night eaters and controls 7 nights — — — — — — — 

Wang et al. (2010) 39 Adult lung cancer patients 7 nights 4.36 3.92 25.21 11.9 — — — 

Note. * p < .05; **p<.01, ***p<.001. Differences represent absolute values of actigraph means minus sleep diary means. SOL, sleep onset latency; SE, sleep efficiency; TST, total sleep time; NWAK, number of 
awakenings; WASO, wake time after sleep onset.  
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Table 3.1 
The Number of Participants in Each Demographic for Each Group and Overall 

 Daily (n = 58) Weekly (n = 57) Total (n = 115) 

Age – years: Mean (S.D.) 20.0 (3.4) 19.7 (2.06) 19.9 (2.80) 

Gender    
 Females 41 40 81 
 Males 17 16 33 

Ethnicity    
Hispanic or Latino 14 19 33 
Not Hispanic or Latino 41 32 73 

Race    
 White 43 31 74 
 Black or African American 3 8 11 
 Asian 2 1 3 
 American Indian/Alaska Native 0 2 2 
 More than one race 3 11 14 

Marital Status    
Single 56 56 112 

Academic Rank    
 Freshman 24 24 48 
 Sophomore 10 10 20 
 Junior 10 9 19 
 Senior 9 11 20 
 Graduate Student 1 0 1 

Sleep Problems    
No 43 38 81 
Yes 14 14 28 

Note. Missing demographic data is not listed.  
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Table 3.2 
Means, Correlations, and Concordance of Sleep Diary and Actigraphy Parameter Data for Each Group and Overall 

Parameter 

(min) 

Sleep Diary 

Mean (SD) 

Actigraphy Mean 

(SD) 

Difference of 

Means 

Pearson 

Correlation 

Concordance 

Mean (SD) 

SE (%) 90.00 (9.97) 84.12 (8.15) 5.88 .380** 9.69 (12.12) 

Weekly 90.19 (9.27) 84.03 (8.00) 6.16 .380** 10.15 (15.71) 

Daily 89.83 (10.61) 84.21 (8.29) 5.62 .428** 9.25 (7.30) 

TIB 483.15 (116.77) 489.97 (112.48) 6.82 .821** 32.71 (60.32) 

Weekly 485.18 (122.75) 490.01 (117.26) 4.83 .805** 37.94 (64.24) 

Daily 481.19 (110.81) 489.92 (107.88) 8.73 .840** 27.77 (56.01) 

TST 434.60 (113.59) 412.50 (103.07) 22.1 .780** 52.41 (55.27) 

Weekly 438.01 (115.41) 412.74 (107.28) 25.27 .774** 55.64 (58.69) 

Daily 431.31 (111.86) 412.26 (99.05) 19.05 .787** 49.37 (51.78) 

SOL 24.23 (32.17) 23.20 (31.34) 1.03 .455** 19.92 (26.66) 

Weekly 24.51 (29.99) 23.48 (29.01) 1.03 .392** 20.57 (25.38) 

Daily 23.95 (34.21) 22.93 (33.43) 1.02 .501** 19.29 (27.85) 

TWAK 12.96 (24.91) 16.20 (19.71) 3.24 .098** 17.94 (24.99) 

Weekly 12.29 (24.18) 16.56 (19.84) 4.27 .130* 17.47 (24.54) 

Daily 13.61 (25.62) 15.87 (19.61) 2.26 .070 18.38 (25.44) 

WASO 12.59 (26.24) 38.30 (24.38) 25.71 .240** 31.47 (25.38) 

Weekly 12.76 (26.43) 37.72 (22.46) 24.96 .172** 31.61 (25.25) 

Daily 12.44 (26.09) 38.84 (26.07) 26.40 .299** 31.34 (25.53) 

NWAK 1.54 (1.64) 35.37 (14.70) 33.83 .046 33.81 (14.61) 

Weekly 1.48 (1.57) 34.87 (14.70) 33.39 .071 33.40 (14.70) 

Daily 1.59 (1.71) 35.85 (14.70) 34.26 .022 34.20 (14.54) 
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Table 3.3  
Means and MANOVA Follow-up Univariate Analyses of Sleep Parameter Concordance (in minutes) for Weekly and  
Daily Groups 

Sleep Parameter 
Daily-Collected 

Differences (min) 
Weekly-Collected 
Differences (min) F p Partial η2 

 
Cohen’s d 

Mean (SD) Mean (SD)  

SE (%) 9.68 (3.94) 10.88 (8.69) 1.134 .289 .01 .18 
Bedtime 22.06 (22.99) 32.72 (34.47) 2.665 .105 .02 .36 
Rise time 43.89 (95.35) 60.40 (118.10) .727 .396 .01 .15 
TIB 29.07 (26.39) 42.89 (38.91) 5.027 .027* .04 .42 
TST 52.65 (24.64) 57.80 (34.23) 2.149 .146 .02 .17 
SOL 20.00 (13.30) 21.21 (13.08) .564 .454 .0 .09 
TWAK 19.19 (15.00) 18.22 (12.28) .008 .930 .00 .07 
WASO 32.74 (13.94) 32.70 (16.34) .135 .714 .00 .00 

Note. * p < .05. SE refers to sleep efficiency; TIB, time in bed; TST, total sleep time; SOL, sleep onset latency; TWAK,  
terminal wakefulness; WASO, wake after sleep onset.  
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Figure 3.1. Consort flow chart of participants involved in the study.  
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Figure 3.2. Overall mean total sleep time (TST) difference between  
actigraphy and sleep diary (in minutes) over time. The first participation  
day number was a weekday (i.e., Monday through Friday).  
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