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Nearly 10% of college students experience chronic insomnia. Cognitive-behavioral 

therapy for insomnia (CBTi) is an empirically validated multi-component treatment that has been 

demonstrated to produce reliable and durable benefits in the general adult population. However, 

there have been no studies examining the effectiveness of multi-component CBTi in a college 

student population, even though many studies have examined the efficacy of single treatment 

modalities. These young adults are different from the general adult population because they are 

in a unique transitional developmental phase as they are maturing from adolescence into 

adulthood, they are sleepier than adults, they tend to have irregular sleep schedules, and their 

living situations are often different from the general adult population. In this study college 

students with chronic insomnia were randomly assigned to either six sessions of CBTi or a wait 

list control (WLC) group. All participants completed sleep diaries, sleep measures, and 

psychosocial measures. The results indicated students who received CBTi showed improvements 

in sleep efficiency (SE), sleep onset latency (SOL), number of awakenings (NWAK), time awake 

after sleep onset (WASO), and sleep quality (SQ). They also had decreased insomnia severity 

(ISI), dysfunctional beliefs about sleep (DBAS), and general fatigue (MFI), as well as increases 

in global sleep quality (PSQI).  
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INTRODUCTION 

Insomnia in the General Population 

Nearly all people experience trouble sleeping at some point in their lives. For some 

individuals, insomnia becomes a chronic problem with many negative mental, physical, and 

socioeconomic consequences. The prevalence of chronic insomnia increases as people age 

(Ohayon, 2002). However, a significant percentage of college students experience chronic 

insomnia, which is associated with a myriad of short-term and long-term negative sequelae 

(Breslau, Roth, Rosenthal, & Andreski, 1996; Buboltz, Brown, & Soper, 2001; Means, Lichstein, 

Epperson, & Johnson, 2000). Cognitive-behavioral therapy for insomnia (CBTi) is an effective 

multi-component non-pharmacological treatment that has been thoroughly studied in the general 

and older adult population (Morin, Culbert, & Schwartz, 1994; Morin et al., 2006; Murtagh & 

Greenwood, 1995; Nau, McCrae, Cook, & Lichstein, 2005). Many of the early studies of the 

individual components that comprise CBTi were conducted with college students. However, the 

subsequent research of the multimodal treatment package was carried out with clinical and 

community samples (Kloss, Nash, Horsey, & Taylor, in press). Thus, to date, there have been no 

studies of the efficacy of CBTi in college students. It is important to determine if CBTi is 

effective with college students because these young adults are a unique population with needs 

and circumstances that differ from the general adult population in terms of their developmental 

stage, level of daytime sleepiness, sleep schedules, and living environment (Breslau, Roth, 

Rosenthal, & Andreski, 1997; Crowley, Acebo, & Carskadon, 2007; Johns, 1992; Levine, 

Roehrs, Zorick, & Roth, 1988; Machado, Varella, & Andrade, 1998). The goal of this study was 

to examine the effects of using CBTi in a college student sample via a randomized clinical trial 

and to identify variables that may predict treatment outcome. 
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In general, the research diagnostic criteria for an insomnia disorder are (a) difficulty 

initiating or maintaining sleep, awakening before a desired time in the morning, or sleep that is 

non-refreshing and of poor quality; (b) sleep difficulty occurs despite adequate opportunity and 

circumstances for sleep; and (c) daytime consequences (Edinger et al., 2004). Chronic insomnia 

is quantitatively defined as sleep onset latency (SOL) or time awake after sleep onset (WASO) 

greater than 30 minutes, occurring at least three nights per week, for at least six months 

(Lichstein, Durrence, Taylor, Bush, & Riedel, 2003). Insomnia is a universal phenomenon that 

has been experienced by most people with a similar frequency as headaches, nausea, or the 

common cold (Edinger & Means, 2005a). Studies indicate 16%-21% of the general population 

report having insomnia at least three nights per week (Ohayon, 2002).  For the majority of 

people, insomnia is a transient experience that resolves soon after the event that precipitated the 

insomnia (e.g., a stressful situation) ends, and has little to no repercussions. However, for nearly 

16% of the population, insomnia persists chronically (> 6 months) and can contribute to many 

negative sequelae (Lichstein, 2004). 

Insomnia is associated with impairments in daytime functioning, health related problems, 

work absenteeism, and an increased frequency of accidents (Kupperman et al., 1995; Roth & 

Roehrs, 1988; Walsh, 2004). Between 9%-15% of the general population experience both 

insomnia and daytime repercussions such as fatigue, irritability, anxiety, or depressed mood 

(Ohayon, 2002). Additionally, insomniacs experience difficulties completing tasks, impairments 

in cognitive functioning, and poor quality of life (Kuppermann et al.; Walsh). People with 

insomnia are also at a higher risk for developing depression, anxiety, substance abuse or 

dependence, suicide, impaired immune functioning, and cardiovascular disease (Taylor, 

Lichstein, & Durrence, 2003).  



3 

The healthcare costs in the United States associated with insomnia, which include 

physician visits, prescriptions, and other treatment were estimated at $13.93 billion in 1995 

(Walsh & Engelhardt, 1999). A more recent study found individuals age 18-65 treated for 

insomnia incur an average of $4,755 in direct healthcare costs over a six month period, which is 

significantly more than the $3,831 incurred by a matched comparison group (Ozminkowski, 

Wang, & Walsh, 2007). In line with these findings, people with insomnia have significantly 

more absences from work than good sleepers (Godet-Cayre et al., 2006). The estimated cost of 

work absenteeism for people treated for insomnia is $3,042 over a six month period, which is 

significantly higher than the $2,637 in costs incurred by a matched comparison group 

(Ozminkowski et al.). Insomniacs may also be less satisfied with their jobs and feel they have not 

advanced as much in their careers as good sleepers (Leger, Massuel, & Metlaine, 2006). In 

addition, they report more work-related and traffic accidents than good sleepers (Roth & Roehrs, 

1988). 

Insomnia in the College Student Population 

Although complaints of insomnia are most frequently reported by older age groups, a 

significant percentage of young people experience insomnia (Lichstein, 2004; Ohayon, 2002). A 

longitudinal study of over 1,000 randomly selected young adults ages 21-30 found 16.6% 

reported experiencing insomnia (Breslau et al., 1996).  Forty-five percent of these young adults 

with insomnia continued to report sleep problems at a 3.5 year follow-up. Of the young adults 

without insomnia at baseline, 13.1% developed insomnia during the course of the study. Studies 

conducted in Europe have found 4%-14% of young adults between the ages of 19-24 experience 

insomnia (Ohayon & Roberts, 2001; Ohayon, Roberts, Zulley, Smirne, & Priest, 2000).  

A study of American college students found 15% reported having poor sleep quality and 
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12%-13% reported experiencing difficulty falling asleep, waking during the night, or waking too 

early in the morning at least three times per week (Buboltz et al., 2001). Locally, studies 

conducted at the University of North Texas (UNT) found 28.4% of students report experiencing 

insomnia at least once a week (Taylor et al., 2007). Out of over 1,000 college students surveyed, 

6.8% of students use medication (either prescription or over the counter) to help them sleep and 

11.4% use alcohol as a sleep aid (Taylor & Bramoweth, 2010). Additionally, 9.8% of UNT 

students have chronic (> 6 months at least three times a week) insomnia (Taylor et al., 

manuscript submitted for publication). 

Insomnia is particularly problematic in the college student population. When compared to 

normal sleepers, college students who have trouble sleeping have slower reaction times, lower 

GPAs, higher levels of daytime sleepiness, fatigue, worry, and a higher risk for traffic accidents 

(Lindsay, Hanks, Hurley, & Dane, 1999; Means et al., 2000; Taub, 1978; Trockel, Barnes, & 

Egget, 2000). Nearly one-third (32%) of college students report having a sleep-related incident 

while driving – 81.4% of those students momentarily dozed off and 18.6% actually fell asleep at 

the wheel (Lindsay et al.). As many as 72% of car crashes in which college students died may be 

attributed to fatigue or sleepiness while driving (Lindsay et al.). The negative impact of poor 

sleep on driving may be worse in college students than the general population. This age group 

tends to have a low perception of personal susceptibility to injuries and may be subjected to peer 

influence or social demand to continue driving despite feeling tired (Lindsay et al.). The 

combination of sleepiness, feeling invincible, and peer pressure may be dangerous in sober 

students and the risk of fatal accidents is higher if alcohol or drugs are also involved. 

In addition to the above immediate consequences, longitudinal studies have suggested 

that insomnia at young ages predicts problems later in life. Adolescents with insomnia are more 
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likely to experience depression or attempt suicide as young adults (6-7 years later) than 

adolescents without insomnia (Roane & Taylor, 2008). A long-term study of Johns Hopkins 

Medical School graduates found male medical students who reported experiencing insomnia or 

difficulty sleeping during times of stress had a significantly higher risk of experiencing 

depression more than twenty years later than students who slept well. These findings were 

independent of other risk factors such as family history, age, temperament type, smoking, and 

alcohol use (Chang, Ford, Mead, Cooper-Patrick, & Klag, 1997). Thus, if students can be taught 

strategies to mitigate insomnia, then painful and costly problems may be prevented in the future. 

Cognitive-Behavioral Therapy for Insomnia 

Insomnia can be successfully treated by CBTi, which includes a combination of 

interventions including stimulus control (restricting the bed and bedroom to sleep-related 

activities), sleep restriction (restricting time in bed to match actual amount of time spent 

sleeping), sleep hygiene education, cognitive restructuring, and sometimes relaxation training 

(Edinger & Means, 2005b; Morin & Espie, 2003; Perlis, Jungquist, Smith, & Posner, 2005). 

CBTi reliably produces  reductions in sleep onset latency (SOL), time awake after sleep onset 

(WASO), and increases in total sleep time (TST) that are significantly greater than the reductions 

produced by placebo, attention, or no treatment (Morin et al., 1994; Murtagh & Greenwood, 

1995). Average treatment effects may reduce SOL by 43%, WASO by 56%, increase TST by 6% 

and improve sleep quality (SQ) by 28% (Smith et al., 2002). At follow-up, an average of 8 

months later, the gains made in treatment appear to be maintained or enhanced (Morin et al., 

2006; Murtagh & Greenwood, 1995). CBTi is also effective in treating insomnia that is comorbid 

with medical or psychiatric conditions, as well as treating hypnotic dependent insomnia (Morin 

et al., 2006; Nau et al., 2005; Stepanski & Rybarczyk, 2006; Taylor, Lichstein, Weinstock, 
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Sanford, & Temple, 2007).  

Individuals treated with CBTi may experience improvements in their psychosocial 

functioning as well as their sleep; although the results of research in this area have been mixed. 

Studies have shown CBTi is associated with post-treatment reductions in anxiety, depression, 

fatigue, and improvements in quality of life that are significantly greater than changes observed 

in groups treated with medications alone or control groups (Backhaus, Hohagen, Voderholzer, & 

Riemann, 2001; Belleville, Guay, Guay, & Morin, 2007; Dirksen & Epstein, 2008; Espie, Inglis, 

Tessier, & Harvey, 2001; Omvik et al., 2008; Quesnel, Savard, Simard, Ivers, & Morin, 2003). 

Trait anxiety has been observed to further decrease six months after treatment (Omvik et al.) and 

reductions in depression have been maintained at a twelve month follow up (Backhaus et al.). 

However, others have not found any significant changes following CBTi in anxiety, depression, 

fatigue, or quality of life (Edinger, Wohlgemuth, Radtke, Marsh, & Quillian, 2001; Espie, Inglis, 

Tessier et al., 2001; Jacobs, Pace-Schott, Stickgold, & Otto, 2004; Omvik et al.; Rybarczyk et al., 

2005).  

Additionally, studies have found CBTi is as efficacious or superior to sedative-hypnotic 

drugs (temazepam, zolpidem, and zopiclone) for acute treatment of insomnia, and demonstrates 

greater benefits than medications over the long-term in the general and older adult population 

(Jacobs et al., 2004; Morin, Colecchi, Stone, Sood, & Brink, 1999; Sivertsen et al., 2006). Long-

term follow-up data indicate individuals treated with CBTi sustain their clinical gains for at least 

one year, while individuals treated with medication alone do not show continued improvements 

(Morin et al., 2006; Riemann & Perlis, 2009).  

Although CBTi is a well studied, effective treatment for adults in the general population, 

only a few studies have examined the efficacy of single modalities (e.g., relaxation) in a college 
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student population, and no studies have tested the efficacy of multi-modal CBTi. Some early 

studies examined the effects of various forms of relaxation therapy alone on insomnia, including 

autogenic training (Kahn, Baker, & Weiss, 1968), progressive muscle relaxation, (Borkovec & 

Fowles, 1973; Borkovec, Kaloupek, & Slama, 1975), abbreviated relaxation training (Haynes, 

Woodward, Moran, & Alexander, 1974), desensitization procedures (Gershman & Clouser, 

1974; Steinmark & Borkovec, 1974), ocular relaxation (Lichstein, 1983), and biofeedback 

(VanderPlate & Eno, 1983). More recently, Means and colleagues (2000) examined the effects of 

progressive muscle relaxation on daytime fatigue and sleepiness in college students with 

insomnia. Other early studies examined the singular effects of stimulus control (Zwart & 

Lisman, 1979) and the combined effects of relaxation and cognitive strategies such as thought 

stopping and rational thinking (Mitchell & White, 1977).  

These previous studies found the various relaxation therapies (except biofeedback), 

stimulus control, and combined cognitive and relaxation strategies are effective in reducing 

insomnia in college students. However, nearly all of the studies focused primarily on reductions 

in SOL, and did not fully examine the impact of their interventions on maintenance insomnia or 

terminal wakefulness (TWAK). Three of the studies did not assess for middle of the night 

awakenings (Kahn et al., 1968; Lichstein, 1983; Mitchell & White, 1977). Only Means and 

colleagues (2000) assessed SE and WASO, while the others counted the frequency of nighttime 

awakenings (NWAK) but not the duration. Of these eight studies that measured maintenance 

insomnia, only half found their interventions significantly reduced NWAK or WASO and 

changes in the intervention groups were significantly greater than in control groups (Borkovec & 

Fowles, 1973; Gershman & Clouser, 1974; Haynes et al., 1974; Means et al.).  

All of the studies used self-reported measures of sleep such as questionnaires or sleep 
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diaries that were supposed to be completed each morning. None of the studies utilized objective 

measures of sleep such as actigraphy or polysomnography (PSG). The problem with relying 

solely on self-report measures is they yield estimates of the amount of sleep that may be 

inaccurate. Researchers have found insomniacs tend to underestimate their TST and overestimate 

their SOL and WASO when their sleep diaries are compared to PSGs (Coates et al., 1982; 

Coursey, Frankel, Gaarder, & Mott, 1980). In addition, there is a possibility that participants may 

not have adhered to the daily data collection protocols. Since none of the studies included 

validity checks to ensure students actually filled out their sleep information daily, there is a 

chance that some students may have filled out all of the logs just prior to turning them in, which 

increases the likelihood that they may have inaccurately remembered or recorded data (Buysse, 

Ancoli-Israel, Edinger, Lichstein, & Morin, 2006).  

Furthermore, another weakness of the previous studies is the effects produced by singular 

interventions may be considered small to moderate and participants do not generally achieve the 

level of functioning observed in people without insomnia (Means et al., 2000). Based on this 

previous research, using one or two modalities to treat insomnia in college students is inadequate 

to meet these students’ needs. Research with the general adult population suggests multi-

component CBTi is superior to relaxation therapy alone as it addresses several different facets 

and perpetuating factors that contribute to insomnia (Morin et al., 2006). 

Additionally, all of the previous studies with college students were primarily focused on 

sleep related outcomes; very few of them examined the effects of their interventions on 

psychological or daytime functioning measures. Gershman and Clouser (1974) looked at 

personality measures, VanderPlate and Eno (1983) examined anxiety, and Means and colleagues 

(2000) looked at dysfunctional beliefs about sleep, daytime sleepiness, fatigue, and worry. 
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However, none of the studies have looked at the effects of sleep interventions on other aspects of 

daily functioning such as depression, quality of life, social support, alcohol or drug use, and 

academic performance. This same fault can be found with the majority of CBTi studies in the 

general population. Thus, a study of multi-component CBTi with college students that examines 

the effects on various areas of psychosocial functioning is warranted.   

Differences Between College Students and the General Adult Population 

It is important to study the effectiveness of CBTi in a college student population because 

these young adults are different from the general adult population. Since college students are 

developmentally transitioning between adolescence and adulthood, they may respond to 

interventions differently than other adults. During puberty, adolescents normally undergo 

changes in their circadian rhythms which affect the mechanisms that regulate sleep and wake 

cycles (Crowley et al., 2007). As adolescents mature, their drive for sleep (process S) decreases 

(Taylor, Jenni, Acebo, & Carskadon, 2005). These changes in their circadian rhythms result in 

adolescents having a natural tendency to delay their sleep onset and stay awake later. This phase 

delay tendency may carry over into the college years as students transition from adolescence into 

adulthood (Valdez, Ramirez, & Garcia, 1996). During adulthood, individuals generally fall 

asleep earlier as they age (Bliwise, 2005). Most CBTi studies have been conducted with 

individuals who have grown out of their adolescent sleep patterns. The mean ages of participants 

included in studies used for large meta-analyses of CBTi range from 41.7 to 47.2 years (Morin et 

al., 1994; Murtagh & Greenwood, 1995; Smith et al., 2002). Thus, it is uncertain whether any 

potential carry over effects from the pubertal circadian shift or the transition to adult sleep 

patterns would interfere with CBTi interventions. 

College students are also a unique subgroup because they tend to be sleepier than the 
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general adult population. Comparisons between students and healthy adults (ages 30-80) indicate 

students score higher on subjective measures of sleepiness (Johns, 1992) and demonstrate shorter 

SOL on objective measures of sleepiness (Levine et al., 1988). The level of daytime sleepiness 

observed in college students is greater than the level observed in similarly aged young adults 

who are not in school (Fukuda & Ishihara, 2001).  The high level of sleepiness in this population 

is worse in college students with insomnia, who score higher on measures of daytime sleepiness 

than students without insomnia (Means et al., 2000). This finding is unique to college students 

because in the general population adults with insomnia often report feeling sleepy during the 

day; however, their scores on objective and subjective measures of sleepiness are not 

significantly different from normal sleepers (Seidel et al., 1984). It is unknown if the high degree 

of sleepiness in college insomniacs could interfere with CBTi interventions.  

Additionally, many college students have academic, work, and social demands that can 

result in irregular sleep patterns. In order to meet these demands, many students restrict the 

amount of time they sleep during the week, then try to make up for this sleep deprivation by 

sleeping longer on weekends (Breslau et al., 1997; Tsai & Li, 2004). Students who work as well as 

go to school tend to get the smallest amounts of sleep during the week and students with early 

morning classes tend to have the greatest variability between their weekday and weekend sleep 

schedules (Machado et al., 1998). Even though students may be attempting to make up for lost sleep 

on weekends, they often delay their weekend bedtimes (Valdez et al., 1996), possibly due to social 

activities and the carryover effects of the pubertal circadian shift. Social pressures and college 

cultures may reinforce these irregular sleep patterns. For instance, many social activities for these 

young adults start when many older adults are getting ready for bed, and it is commonplace for 

students to sleep late on days in which they do not have early morning classes. In addition to the 
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variability between weekdays and weekends, college students’ sleep patterns may also fluctuate 

throughout the year as their workloads and study needs increase during midterm and final exams 

then drastically change over the summer and school vacations. CBTi procedures with the general 

adult population emphasize the importance of maintaining regular sleep schedules with similar bed 

and wake times on weekdays and weekends (Morin & Espie, 2003; Perlis et al., 2005), and studies 

have suggested that failure to adhere to the prescribed sleep schedule may interfere with treatment 

outcomes (Riedel & Lichstein, 2001). It is uncertain what would happen when the intervention is 

provided to students who are unable to maintain a regular schedule seven days a week for six weeks 

of therapy and after therapy ends. 

Frequently college students live in dormitories and other group living arrangements, such 

as fraternity housing or small apartments. Often these types of housing may not provide students 

with living areas that are separate from their sleeping areas. Thus, their beds become the all-

purpose piece of furniture in their room where they study, watch TV, socialize, use their laptop 

computers, and sleep. According to stimulus control theory, when beds are used for activities 

other than sleep, the bed loses its ability to be a discriminative stimulus for sleep (Bootzin, 1972; 

Morin, 2005). This loss of association may be especially prominent in dormitory residents since 

they could be in their bedrooms throughout their waking hours because their living and study 

space is their bedroom. To counter this problem, a primary intervention employed in CBTi is to 

restrict the use of the bed and bedroom to sleep related activities only. As part of this 

intervention, participants are instructed to get out of bed and leave the bedroom if they do not fall 

asleep quickly (Bootzin, Epstein, & Wood, 1991). College students may have difficulty 

following this instruction if they do not have another room to go to outside of their bedroom. 

Although Zwart and Lisman (1979) found insomniacs who read in bed during the night when 
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they had trouble sleeping achieved similar improvements in SOL as participants who got out of 

bed, it is uncertain what would happen when students who live in dormitories are given stimulus 

control instructions.   

Goals and Hypotheses of Current Study 

The primary goal of this study was to determine if CBTi is an effective intervention for 

improving insomnia in a college student population. A group of students treated with CBTi were 

compared to students in a wait list control (WLC) group. It was hypothesized that students 

treated with CBTi would show improvements in sleep related variables (SOL, WASO, NWAK, 

TWAK, TST, SE, and SQ) on both subjective (sleep diary) and objective (actigraphy) measures 

of sleep and would maintain improvements three months following treatment. Studies of college 

students without insomnia show TST and SQ increase during the course of a semester without 

any interventions, possibly because the students adapt to the academic and social demands of the 

semester and feel less stress (Pilcher & Ott, 1998). Thus, it was expected that the WLC group 

would show some improvements over the course of the study; however, it was anticipated the 

treatment group would show significantly greater improvements. It was also hypothesized that 

the CBTi group would improve on measures of psychosocial and academic functioning and these 

improvements would be greater than observed in the control group.  

The second goal of the study was to identify predictors of treatment outcomes. Several 

potential predictors were considered such as tendencies toward morningness or eveningness, 

level of sleepiness, treatment adherence, residence type, demographic variables (gender, 

ethnicity), insomnia severity, anxiety, depression, stress level, social support, and coping styles 

in order to determine whether any of these variables predicted treatment response. Previous 

research on CBTi treatment outcomes has examined some but not all of these variables in the 
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general adult population. In these previous studies, gender did not significantly predict treatment 

outcomes (Espie, Inglis, & Harvey, 2001; Espie, Inglis, Tessier et al., 2001). Adherence to the 

stimulus control and sleep restriction components of therapy, particularly the prescribed time in 

bed (TIB), predicted lower SOL or WASO and higher SE (Harvey, Inglis, & Espie, 2002; Riedel 

& Lichstein, 2001). Higher levels of pre-treatment insomnia severity, depression, and anxiety 

were also associated with reduced SOL and WASO in some studies (Espie, Inglis, & Harvey, 

2001). However, other studies found depression scores did not predict SOL or SE (Vincent & 

Hameed, 2003). In addition, insomnia has been found to be associated with low social support in 

adolescents (Roberts, Roberts, & Chen, 2002) and adults (Murata et al., 2007). This previous 

research was conducted with the general adult population and no research to date has specifically 

explored predictors of treatment outcomes in young adults or students. Since, as previously 

discussed, college students are different than the general adult population, a second aim of this 

study is to identify predictors of treatment response within the college student population. It was 

hypothesized that at least one of the potential predictors would significantly predict treatment 

outcome. 
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METHODS 

Participants 

Participants were recruited from the general student population of the University of North 

Texas. They were offered up to $50.00 and extra credit in undergraduate psychology courses for 

participating in the study. The amount of financial compensation was based on the phases of the 

study completed. Participants received $20.00 for completing the pre-treatment phase, $20.00 for 

completing the treatment phase and post-treatment questionnaires, and $10.00 for completing 

follow-up questionnaires three months after treatment ended. Students were included in the study 

if they were at least 18 years old, experienced self-reported sleep onset latency (SOL) or time 

awake after sleep onset (WASO) greater than 30 minutes at least three nights per week for at 

least six months, and experienced daytime consequences of insomnia, as consistent with the 

quantitative criteria for chronic insomnia (Lichstein, et al., 2003) and the research diagnostic 

criteria for an insomnia disorder (Edinger et al., 2004). They were excluded if they were taking 

prescription medications to treat insomnia or another psychiatric condition, if they reported a 

diagnosis or symptoms suggestive of another sleep disorder (such as circadian-rhythm sleep 

disorder), or a significant psychiatric condition (such as bipolar disorder or PTSD) that is 

associated with sleep disturbances and could interfere with treatment. They were not excluded if 

they had chronic pain or other medical conditions. To determine if they met the inclusion or 

exclusion criteria during the pre-treatment phase of the study, potential participants were 

administered a telephone screening interview, the Duke Structured Interview for Sleep Disorders 

(DSISD), and the Structured Clinical Interview for DSM-IV Disorders (SCID). They also 

underwent a sleep study with polysomography (PSG) and kept a sleep diary for at least one 

week. 
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A power analysis was conducted in order to determine the appropriate sample size for 

this study using G*Power 3.1 (Faul, Erdfelder, Lang, & Buchner, 2007). A previous meta-

analysis of psychological treatments of insomnia suggested combined psychological 

interventions, such as the treatment used in this study, yield an average effect size of Cohen’s d = 

1.0 (Murtagh & Greenwood, 1995). Thus, the anticipated effect size for this study was set at f = 

0.5, the error probability (alpha level) was set at .05, and the power level was set at .80. The 

result of this analysis indicated a total sample size of 34 was needed for this study. 

Measures 

Duke Structured Interview for Sleep Disorders (DSISD).The DSISD (Edinger et al., 

2006) is a semi-structured interview and system of self-report checklists designed to obtain a 

medical history, mental health history, and sleep history in order to indicate whether a participant 

meets criteria for a sleep disorder as defined by the Diagnostic and Statistical Manual of Mental 

Disorder – Fourth Edition, Text Revision (DSM-IV-TR) and the International Classification of 

Sleep Disorders, Second Edition (ICSD-2). It also provides information about the relative 

contributions of psychological, behavioral, environmental, and medical factors to the sleep 

problem. The DSISD has been found to have acceptable reliability with kappa values ranging 

from .71 to .86 across DSM-IV-TR and ICSD-2 categories (Carney, Ulmer, Edinger, Krystal, & 

Knauss, 2009). To date, no validity data on the DSISD have been published, although other 

studies in which the DSISD has been used indicate the instrument has acceptable discriminant 

validity (Carney et al.). 

Structured Clinical Interview for DSM-IV Axis I Disorders – Clinician Version 

(SCID).The SCID (First, Spitzer, Gibbon, & Williams, 1996) is a semi-structured interview 

designed to assess for the presence of a major mental disorder such as a psychotic disorder, 
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mood disorder, anxiety disorder, or substance abuse disorder. It incorporates DSM-IV diagnostic 

criteria in a structured, standardized interview that yields formal psychiatric diagnoses.  The 

Computer Assisted SCID – Clinician Version was used in this study. In this version, the 

interviewer uses a laptop personal computer, reads the SCID questions off the screen, asks 

follow-up questions based on the corresponding DSM-IV criterion, enters a rating into the 

computer, and enters notes into a text box as needed. The computer automatically jumps to the 

next appropriate question based on the rating that was entered. This program prevents the 

interviewer from making errors such as turning to the wrong page to ask questions, but still 

allows him or her to move back to review or change previous answers. The SCID has an 

adequate to high level of interrater reliability with Kappa scores ranging from .57 for anxiety 

disorders to 1.0 for substance use disorders (Zanarini et al., 2000). The SCID also shows good 

concurrent validity. In an outpatient mental health center study comparing diagnoses obtained 

through SCID assessment to diagnoses obtained through interview and chart review (which 

included SCID results), researchers found a moderate to high level of agreement between the two 

diagnostic methods. Kappa scores for these comparisons ranged from .57 to .72 for different 

diagnoses, sensitivity ranged from .53 to .84, specificity ranged from .91 to .97(Basco et al., 

2000). 

Polysomnography (PSG). PSG is an objective sleep study used to document the presence 

or absence of occult sleep disorders through measuring brain wave activity 

(electroencephalogram; EEG), eye movements (electrooculogram; EOG), muscle activity 

(electromyogram; EMG), and respiratory activity. PSGs were recorded unattended, in 

participants’ homes, and performed according to guidelines and procedures developed by the 

sleep heart health study (Redline et al., 1998). PSGs were performed with two digital 
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Compumedics Siesta series portable sleep systems (Compumedics USA, Inc., Fridley, 

Minnesota). The Siesta is a 32-channel polysomnography system that enables ambulatory 

monitoring of electrophysiological and physical (respiratory, movement, etc.) variables. During 

the PSG, central and frontal EEG activity was recorded at 10-20 International System of 

Electrode Placement sights C3, C4, CZ, O1, and O2. Eye movements (EOG) were recorded 

through two eye lead channels at the right and left outer canthus. Muscle activity (EMG) was 

recorded by electrodes placed on the mental/submental muscle groups and the anterior tibialis 

muscle. Respiratory air-flow was recorded by a nasal thermistor and indirect respiratory effort 

(thoracic and abdominal movement) by electro-piezo transducer. Oxygen saturation (SaO2) was 

recorded by pulse oximetry. All of the above measurements are necessary to rule out occult sleep 

disorders. Data was stored, scored, and interpreted on a Dell D800 laptop computer attached to a 

21-inch monitor, using Profusion 2 software (Compumedics Limited, 2003). PSG protocols were 

double scored by two independent student raters. When the concordance percentage for a 

protocol scored by the student raters was less than 80%, the protocol was re-scored by the 

supervising licensed psychologist who is board certified in behavioral sleep medicine. 

Sleep diaries. Sleep diaries were used to measure subjective sleep patterns in order to 

verify if participants met criteria for admission to the study and to monitor progress throughout 

the study. The variables measured by sleep diaries were: sleep onset latency (SOL), time awake 

after sleep onset (WASO), terminal wakefulness (TWAK), number of awakening during the 

night (NWAK), total sleep time (TST), time in bed (TIB), sleep efficiency (SE), sleep quality 

(SQ), morning alertness (MA), and daytime alertness (DA). Participants were asked to complete 

diaries in the morning to obtain an estimate of the amount of sleep they had the night before 

(e.g., recording bedtime, sleep onset latency, awakenings during the night, wake time etc.). They 
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were also asked to rate the quality of their sleep and how alert they felt upon awakening. Before 

going to bed at night, they were asked to rate how alert they felt during the day and record the 

duration of any naps they took. Although people with insomnia tend to underestimate the number 

of awakenings and overestimate sleep onset latency with sleep diaries in comparison to PSG, 

sleep diaries are significantly correlated with PSG on WASO, TST, and SE, r = .46-.59 

(Lichstein et al., 2006), and are better than single-point retrospective estimates of sleep (Coursey 

et al., 1980).  

For baseline sleep diary measures, participants were asked to keep sleep diaries for 1-2 

weeks prior to being randomly assigned to one of the groups. Either the week immediately prior 

to treatment or 5-7 days within the data collection period without missing data or unusual 

circumstances (e.g. participants reported being severely ill) were used for these baseline 

analyses. 

Actigraphy. Actigraphy is a method for measuring sleep and activity patterns. In this 

study, sleep and wake patterns were measured using AW64 Actiwatches (Mini Mitter, Bond, 

OR), which are compact, wrist-worn, battery-operated activity monitors that look similar to a 

small wristwatch. The Actiwatch utilizes a motion sensor known as an "accelerometer" to 

monitor the occurrence and degree of motion. This type of sensor integrates the degree and speed 

of motion and produces a small signal whose magnitude and duration depend on the amount of 

motion (Respironics, 2005). This information was stored in memory and then downloaded to a 

Dell D800 laptop computer and analyzed. In addition, the Actiwatches have an on-board event 

marker button, which the participants could press to identify bedtime and out of bed times. In 

2005, a panel of 25 experts in the field of sleep research developed recommendations for 

standard assessments to be used in insomnia research studies in order for investigators to have 
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“common metrics for describing insomnia participants and research outcomes” (Buysse et al., 

2006). This expert panel approved the strategy of using actigraphy as an objective measure of 

sleep patterns. It is highly correlated with PSG, the gold standard for objectively measuring 

sleep. Comparisons between actigraphy and PSG show a 91%-93% overall agreement in 

differentiating wake from sleep in adults age 20-30 years. In patients with insomnia, there are 

high correlations for total sleep time measures between actigraphy and PSG, r = .81, and 

between actigraphy and sleep diaries, r = .53 (Ancoli-Israel et al., 2003). Actigraphy also 

significantly correlates with PSG (all ps < .01) on other sleep-related variables including SOL,    

r = .76, WASO, r = .62, and SE, r = .71 (Williams, Taylor, & Gardner, 2007).    

Insomnia Severity Index (ISI). The ISI (Bastien, Vallieres, & Morin, 2001) is a 7-item 

self-report measure that assesses perceived severity of insomnia. Each item uses a 4-point Likert 

scale ranging from 0 to 4 with higher scores indicating greater severity of insomnia symptoms. 

The items are summed to produce a total score (range 0–28). The ISI has good reliability, 

Cronbach’s alpha = 0.76 and item total correlations range from r = 0.32 – 0.71, with an average 

of r = 0.56, all ps < 0.01. It has fair concurrent validity. The initial validation studies of the ISI 

found correlations between ISI items and corresponding variables on sleep diaries were modest 

(all ps < 0.01) for sleep onset latency, r = 0.37, time awake after sleep onset, r = 0.55, early 

morning awakenings, r = 0.32, and for ISI total score and sleep efficiency, r = -0.35 (Bastien et 

al.). A panel of experts in sleep research considers the ISI to be an essential measure of insomnia 

symptoms (Buysse et al., 2006).  

Pittsburgh Sleep Quality Index (PSQI). The PSQI (Buysse, Reynolds, Monk, Berman, & 

Kupfer, 1989) is a 19-item self-report questionnaire composed of fifteen multiple-choice items 

and four write-in items that assess seven domains of sleep quality: subjective sleep quality, sleep 
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latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medications, 

and daytime dysfunction. Items are used to produce seven domain scores that range from 0 (no 

difficulty) to 3 (severe difficulty), which are summed to produce a global score (range 0 – 21). 

Global scores greater than 5 are suggestive of significant sleep disturbances. The PSQI has been 

validated in samples of healthy individuals, patients with sleep disorders, and depressed patients. 

It has good reliability, Cronbach’s alpha = 0.83 for the global score, and correlations between the 

domain scores and the global score range from 0.35 to 0.76. Test-retest reliability = 0.85 for the 

global score and range from 0.65 to 0.84 for the domain scores. The PSQI also shows good 

criterion validity. Using a global score greater than 5 as a cut off score, the PSQI correctly 

identified 88.5% of all patients and controls as being either good or bad sleepers (kappa = 0.75,  

p < 0.001), which represents a sensitivity of 89.6% and a specificity of 86.5% (Buysse et al., 

1989). The PSQI is considered an essential measure of global sleep by a panel of experts in sleep 

research (Buysse et al., 2006). 

Dysfunctional Beliefs and Attitudes About Sleep (DBAS).The DBAS (Morin, Vallieres, & 

Ivers, 2007) is a self-report measure that contains 16 statements reflecting beliefs and attitudes 

about sleep. The general themes of the assessed sleep cognitions include the perceived 

consequences of insomnia, worry and helplessness about insomnia, sleep expectations, and 

beliefs about medications. Items are rated on a 10-point Likert scale ranging from 0 (strongly 

disagree) to 10 (strongly agree). The item scores are summed to produce a total score (range 0 – 

160) and total scores may be divided by 16 to produce an average score. Strong endorsement of 

the 16 statements is considered maladaptive. Initial validation studies of the DBAS found it has 

adequate internal consistency, Cronbach’s alpha = .079, and adequate test-retest reliability, r = 

0.83. DBAS total scores are positively correlated with scores from the ISI, r = .33, Beck Anxiety 
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Inventory (Beck, Epstein, Brown, & Steer, 1988), r = .41, and Beck Depression Inventory (Beck, 

Steer, & Brown, 1996), r = .42 (Morin et al.).  

Epworth Sleepiness Scale (ESS). The ESS (Johns, 1991) is an 8-item self-report measure 

in which participants rate their probability of falling asleep in hypothetical everyday situations, 

such as sitting quietly after a lunch without alcohol or watching TV. Items are rated on a 4-point 

Likert scale ranging from 0 (would never doze) to 3 (high chance of dozing). The item scores are 

summed to produce a total score (range 0 – 24). Scores greater than 10 indicate significant 

daytime sleepiness and those greater than15 indicate pathological sleepiness. The ESS has good 

test–retest reliability (r = 0.82). It also shows satisfactory internal consistency in patients with 

and without sleep disorders and adequate internal consistency, Cronbach’s alpha = 0.88 and 0.73 

respectively (Johns, 1992). The mean correlation coefficient between ESS scores and sleep 

latency scores on a multiple sleep latency test (an objective measure of daytime sleepiness in 

which a low sleep latency score is indicative of sleepiness) is -0.3. The ESS has high sensitivity, 

93.5%, and high specificity, 100%, for correctly classifying significant daytime sleepiness when 

using a cutoff score of 10 (Johns, 2000).  The panel of experts in sleep medicine considers the 

ESS to be the preferred self-report measure of sleepiness for studies that evaluate sleepiness as 

an outcome (Buysse et al., 2006). 

Morningness – Eveningness Questionnaire (MEQ).The MEQ used in this study is a 

seven-item questionnaire adapted from the 19-item Horne and Ostberg Morningness – 

Eveningness Questionnaire (Horne & Ostberg, 1976). The MEQ classifies people along a 

continuum of morningness to eveningness in regards to their circadian rhythms. A higher score 

indicates a greater tendency to be a morning person and a lower score indicates a greater 

tendency to be an evening person. The Horne and Ostberg MEQ has good internal consistency, 
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Cronbach’s alpha = 0.83 and test-retest reliability r = 0.77 (Anderson, Petros, Beckwith, & 

Mitchell, 1991). The MEQ used in this study has been found to have Cronbach’s alpha = 0.68 in 

a sample of college students (Taylor et al., 2007). The MEQ was used in this study to determine 

if morningness or eveningness tendencies were affected by cognitive-behavioral therapy for 

insomnia (CBTi) or if these tendencies predicted response to treatment. 

Multidimensional Fatigue Inventory (MFI). The MFI (Smets, Garssen, Bonke, & De 

Haes, 1995) is a 20-item self-report measure that assesses five dimensions of fatigue: general 

fatigue, physical fatigue, mental fatigue, reduced activity, and reduced motivation. Each item 

uses a 5-point Likert scale ranging from “yes, that is true” to “no, that is not true.”  Item 

responses within each dimension are summed to produce a scale score (range 4 – 20). The initial 

validation studies conducted with groups of medical and psychology students show the five 

scales of the MFI have adequate internal consistency ranges with Cronbach’s Alpha = 0.66-0.93. 

The MFI scales also show adequate to good convergent validity with a 100mm visual analogue 

scale of fatigue, rs = .23 to .77 (Smets et al.). Since fatigue is a common complaint among 

insomniacs, the panel of experts in sleep research considers the MFI an essential assessment in 

insomnia research (Buysse et al., 2006).   

Quality of Life Enjoyment and Satisfaction Questionnaire-Short Form (Q-LES-QSF). The 

Q-LES-QSF (Endicott, Nee, Harrison, & Blumenthal, 1993) is a 16-item self-report 

questionnaire that assesses quality of life. Participants are asked to rate their satisfaction with 

various aspects of their lives over the past seven days. Each item is scored on a 5-point Likert 

scale ranging from 1 (very poor) to 5 (very good). The first 14 items are summed to produce a 

total score (range 14-70). The last two items are stand alone items assessing satisfaction with 

current medications and overall life satisfaction. The Q-LES-QSF has good internal consistency 
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for the first 14 items, Cronbach’s alpha = .84. It also has good concurrent validity with the Social 

Adjustment Scale (Weissman & Bothwell, 1976), which encompasses many of the domains that 

contribute to the Q-LES-QSF total score, but unlike the Q-LES-QSF, high scores on the Social 

Adjustment Scale indicate greater impairment, r = -.72, p < .001 (Mick, Faraone, Spencer, 

Zhang, & Biederman, 2008). Since sleep problems can affect quality of life, the panel of experts 

in sleep research considers an evaluation of quality of life to be essential in insomnia research 

(Buysse et al., 2006).The Q-LES-QSF was chosen for this study because it is a shorter 

assessment than the quality of life measures recommended by the expert panel. 

Quick Inventory of Depressive Symptomatology (QIDS). Depression symptom severity 

was measured with the QIDS (Rush et al., 2003), a 16-item self-report questionnaire that 

assesses nine symptom domains of depression: sleep disturbance, psychomotor disturbance, 

changes in weight, depressed mood, decreased interest, decreased energy, worthlessness and 

guilt, concentration and decision making, and suicidal ideation. Each item is rated 0 to 3 and the 

highest scoring item from each of the nine domains are summed to produce a total score that has 

a range of 0 to 27. Initial validation studies found the QIDS has good internal consistency, 

Cronbach’s alpha ranges from 0.81 to 0.90. Using a cutoff score of 6, with higher scores 

indicating clinically significant depression, the QIDS has a sensitivity of 79% and a specificity of 

81%. The QIDS is highly correlated with the Hamilton Rating Scale for Depression (Hamilton, 

1960), r = .72, and the Inventory of Depressive Symptomatology (Rush, Gullion, Basco, Jarrett, 

& Trivedi, 1996), r = .82 (Rush et al., 2003). Due to the high frequency of mood disturbances in 

people with insomnia, the expert panel of sleep researchers considers assessing mood symptoms 

to be an essential component of insomnia research (Buysse et al., 2006). 

State-Trait Anxiety Inventory, Trait Scale, Form Y (STAI). The STAI (Spielberger, 1983) 
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assesses both state and trait anxiety, but only the trait scale will be used in this study. This scale 

measures general feelings of apprehension, tension, and increased autonomic activity. This type 

of anxiety is seen as a relatively stable personality trait. The trait scale of the STAI consists of 20 

items where participants rate how they generally feel. Each item is rated on a 4-point Likert scale 

ranging from 1 (almost never) to 4 (almost always). Items are summed to produce a total score 

(range 20-80) with higher scores indicating greater severity. Tables are available in the STAI 

manual to convert raw scores to T-scores (Spielberger, 1983). The internal consistency for the 

STAI has a range from 0.72 to 0.96 and the test-retest reliability has a range from 0.82 to 0.94 

(Barnes, Harp, & Jung, 2002). The panel of experts in sleep research considers the trait scale of 

the STAI to be an essential component of insomnia research due to the strong association 

between insomnia and anxiety (Buysse et al., 2006). 

Perceived Stress Scale (PSS).The PSS (Cohen, Kamarck, & Mermelstein, 1983) is a 14-

item self-report questionnaire used to assess stress levels in the domains of unpredictability, lack 

of control, burden overload, and stressful life circumstances. Respondents specify the frequency 

of feelings, thoughts, or circumstances described on a 5-point Likert scale ranging from zero 

(never) to four (very often). Items are summed to yield a single score (range 0-56); higher scores 

reflect greater perceived stress. Initial validation studies indicate the PSS has good internal 

consistency with Cronbach’s alpha of 0.84 and 0.85 in two college student samples. Using the 

same two samples, it also significantly correlated (r = .35 and r =.24) with college students’ 

perception of the impact of stressful life events. Additionally, in the same samples, correlations 

between PSS scores and physical symptoms range from 0.52 to 0.65, p < .01 (Cohen et al.). The 

PSS was selected to be used in this study to determine if CBTi had an effect on the stress level 

perceived by college students. 
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Alcohol Use Disorders Identification Test (AUDIT). The AUDIT (Saunders, Aasland, 

Babor, de la Fuente, & Grant, 1993) is a brief self-report measure designed to assess for 

hazardous and harmful patterns of alcohol consumption. It consists of 8 questions that use a 5-

point Likert scale (range 0 – 4) and 2 yes-no questions. In studies of college students, it shows 

good reliability, Cronbach’s alpha = 0.80, and test-retest reliability, r = .86. In clinical and non-

clinical populations, the AUDIT highly correlates with other self-reports of alcohol problems 

such as the Michigan Alcohol Screening Test (Selzer, 1971), r = .88, and the CAGE 

Questionnaire (Mayfield, McLeod, & Hall, 1974), r = 78. Using a cut off score of 8 in test 

development samples, it demonstrated high sensitivity in the 90s and specificity in the 80s cross-

culturally (Babor, Higgins-Bibble, Saunders, & Monteiro, 2001). Alcohol use is common in both 

college students and in people with insomnia, as reports estimate nearly 13% of the general 

population uses alcohol as a sleep aid (Johnson, Roehrs, Roth, & Breslau, 1998). The AUDIT 

was selected for this study to determine if the participants engaged in hazardous patterns of 

alcohol consumption and if CBTi had an effect on these drinking patterns. 

Marijuana Problem Scale (MPS). The MPS (Stephens, Roffman, & Curtin, 2000) is a 20-

item self report measure that assesses for negative social, occupational, physical, and personal 

consequences of marijuana dependence. Each item is scored on a 3-point Likert scale that ranges 

from 0 (no problem) to 2 (serious problem) and indicates the severity of problems due to 

marijuana use over the past 90 days. Item scores are summed to produce a total score. A higher 

score indicates a greater level of problems due to marijuana use. The MPS has good internal 

consistency, mean Cronbach’s alpha = 0.90 (Stephens et al.). Marijuana use is prevalent in 

college students and there is some evidence to suggest that marijuana may be used as a sleep aid 

(Gillin, Drummond, Clark, & Moore, 2005). The MPS was selected for this study to assess the 
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severity of problems due to marijuana use that the participants experienced and evaluate if 

marijuana use was affected by CBTi. 

Multidimensional Scale of Perceived Social Support (MSPSS). The MSPSS (Zimet, 

Dahlem, Zimet, & Farley, 1988) is a 12-item self-report questionnaire that measures perceived 

social support from three sources: family, friends, and significant others. Each item is scored on 

a 7-point Likert scale with a range from 1 (strongly disagree) to 7 (very strongly agree). Initial 

validation studies found it has good internal consistency. The Cronbach’s alpha coefficients for 

the family, friend, and significant other subscales are 0.87, 0.85, and 0.91 respectively. It also 

has good temporal stability. The test-retest reliability for the family, friend and significant other 

subscales was 0.85, 0.75, and 0.72 respectively (Zimet et al.). Social support has been found to 

moderate treatment outcomes in individuals receiving psychotherapy for other disorders such as 

alcohol dependence, depression, and posttraumatic stress disorder (Beckner, Howard, Vella, & 

Mohr, 2010; Dobkin, De, Paraherakis, & Gill, 2002; Thrasher, Power, Morant, Marks, & 

Dalgleish, 2010). It has also been shown to be a mediator between job strain and insomnia 

(Nomura, Nakao, Takeuchi, & Yano, 2009). The MSPSS was selected for this study to determine 

if social support affected treatment outcomes for insomnia. 

Brief COPE. The Brief COPE (Carver, 1997) is a 28-item measure designed to assess 

effective and ineffective coping styles. It is composed of 14 subscales: active coping, planning, 

positive reframing, acceptance, humor, religion, emotional support, instrumental support, self-

distraction, denial, venting, substance use, behavioral disengagement, and self-blame. Initial 

validation studies found the Brief COPE has adequate to good internal reliability with 

Chronbach’s alphas ranging from 0.50 to 0.90 across the 14 scales (Carver). Maladaptive coping 

styles such as avoidance have been associated with high levels of fatigue and poor sleep quality 
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(Hoyt, Thomas, Epstein, & Dirksen, 2009; Tanaka, Fukuda, Mizuno, Kuratsune, & Watanabe, 

2009). The Brief COPE was selected for this study to determine if coping styles affected 

treatment outcomes. 

Academic functioning. The average of the semester grade point averages (GPAs) reported 

on students’ official transcripts for the semesters prior to treatment and for the semesters after 

treatment occurred were used as measures of participants’ academic functioning. 

Post-treatment interview. At the end of therapy, all participants in the CBTi group were 

administered a post-treatment interview in order to assess the feasibility and acceptability of the 

therapy, as recommended for treatment development studies (Ong, Wickwire, Southam-Gerow, 

Schumacher, & Orsillo, 2008). The interview consisted of 8 open ended questions and 2 ratings 

(1 to 10 scale) which were designed to give participants an opportunity to give feedback about 

the treatment received. Interviews were carried out by an undergraduate research assistant who 

was not affiliated with treatment delivery and the treating therapist was not present when the 

interviews were conducted. Open ended questions elicited participants’ opinions about the 

treatment in general, most and least beneficial portions of treatment, most and least challenging 

aspects of treatment, and areas of treatment they would change. Participants were also asked if 

they felt they had insomnia and what recommendations they would give to a friend who has 

trouble sleeping. Additionally, they were asked to rate their confidence and motivation to follow 

the recommendations of treatment.  

Procedures 

All participants who were not excluded during the phone triage interview were seen for 

an intake session during which they were administered the DSISD and SCID. They were also 

given a sleep diary and a packet with a demographic questionnaire, a medical health history 
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questionnaire, and the pencil and paper measures to complete at home and return during the 

validation session. Participants not excluded during the intake session were administered a PSG. 

One week following the intake session, participants were seen for a validation session. During 

the validation session sleep diaries were reviewed to ensure participants were currently 

experiencing at least 30 minutes of SOL or WASO on at least three nights during the week and 

questionnaire packets were collected. In addition, participants were randomly assigned to either 

the CBTi treatment condition or the wait list control (WLC) condition. Randomization was 

conducted using a blocked randomization procedure with block sizes of four in an effort to 

ensure an equal number of participants are randomly assigned to each group (Friedman, Furberg, 

& DeMets, 1998). Participants in the WLC group were offered an opportunity to receive 

treatment upon the completion of the study. Participants in the treatment condition received six 

sessions of CBTi. Therapy was conducted by three doctoral level graduate students who were 

thoroughly trained in CBTi and supervised by a licensed psychologist with expertise in CBTi and 

certified in behavioral sleep medicine. A meta-analysis of research studies using CBTi reported 

treatment durations typically range from two weeks to six months with an average treatment 

duration of 6.7 weeks (Morin et al., 2006). In order to cover the essential components of CBTi 

and to fit all treatment sessions within the duration of an academic semester, a six session 

treatment protocol was developed (Table 1). This treatment protocol was based on two treatment 

manuals developed by leaders of this field, Morin and Espie (2003) and Perlis and colleagues 

(2005). The interventions included in the treatment protocol are those that have been shown 

efficacious in prior research and have been recommended by the American Academy of Sleep 

Medicine for the treatment of insomnia (Morgenthaler et al., 2006). The following interventions 

were used: stimulus control, sleep restriction, sleep hygiene, relaxation training, and cognitive 
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restructuring. After six weeks of treatment or waitlist, all participants were given (either in 

person or via email) a sleep diary and packet of questionnaires to complete at home or online. 

Participants in the CBTi group were also given the post-treatment interview. Three months 

following the end of treatment, participants in the CBTi group were given (either in person or via 

email) a sleep diary and packet of questionnaires to complete at home or online. 

Interventions 

Stimulus control. The stimulus control intervention is derived from the rationale that 

insomnia is due to a conditioned association between the bedroom and poor sleep (Bootzin et al., 

1991; Bootzin, 1972). People with insomnia may fail to associate the bedroom with sleep, and 

instead may associate it with worrying, planning, or recreation. This intervention is also designed 

to help insomniacs develop a more consistent sleep rhythm. The stimulus control intervention 

consists of the following instructions: (1) Do not use your bed or bedroom for anything (at any 

time of the day) but sleep (or sex), (2) If you do not fall asleep within about 15-20 minutes, leave 

the bed and do something in another room, (3) If you wake up during the night and do not fall 

back to sleep within 20 minutes, leave the bed and do something in another room, repeat this 

instruction as many times as necessary, (4) Use your alarm to awaken at the same time every 

morning regardless of the amount of sleep obtained, (5) Avoid napping during the day, if naps 

cannot be avoided, limit naps to less than one hour before 3:00pm.  

Sleep restriction. Sleep restriction involves reducing a participant’s time in bed (TIB) to 

more accurately reflect the amount of time they spend sleeping (TST) on a typical night. Thus, if 

a participant spends only 5.5 hours of the night asleep (based on baseline sleep diaries), but 

spends 10 hours in bed per night, then his or her sleep schedule is modified so the prescribed 

bedtime and wake time does not allow for more than 5.5 hours in bed. As the participant’s sleep 
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improves, the allotted time in bed is increased until further increases no longer produce 

improvements. This treatment is based on the belief that people with insomnia spend excessive 

amounts of time in bed, which perpetuates their insomnia. The goal of this intervention is to 

consolidate sleep, thus improving depth, continuity, and consistency (Spielman, Saskin, & 

Thorpy, 1987). TIB and TST were monitored daily via sleep diaries, which were reviewed at 

each treatment session. SE is the percentage of time in bed spent sleeping (TST/TIB x 100). SE 

for the prior week was calculated at each treatment session and used to adjust the prescribed 

bedtime and wake time for the following week. If the SE was greater than 90%, the prescribed 

TIB was increased by 15 minutes, if SE was between 85% and 90%, no changes were made, and 

if SE was less than 85%, the prescribed TIB was decreased by 15 minutes. The participant’s TIB 

was never restricted to less than 5.5 hours. 

Sleep hygiene. Sleep hygiene is a psychoeducational intervention designed to address a 

variety of behaviors that may influence sleep quality and quantity (Perlis et al., 2005). 

Participants were given the following instructions, which were intended to decrease activities 

that may disrupt sleep: (1) Avoid exercise within 3 hours of bedtime, (2) Create a sleep 

environment that is cool, dark, quiet, and comfortable, (3) Avoid heavy meals within 2 hours of 

bedtime, (4) Avoid excessive fluids in the evenings, (5) Avoid caffeine within 6 hours of 

bedtime, (6) Avoid nicotine within 2 hours of bedtime, (7) Avoid alcohol within 2 hours of 

bedtime, (8) Avoid going to bed worried or angry by writing down concerns and closing the 

book on them for the night, (9) Do not try to sleep since the act of trying is incompatible with 

sleeping (Hauri, 1991; Morin & Espie, 2003).   

Relaxation training. Relaxation training is the most frequently employed treatment for 

insomnia and has displayed high effectiveness (Morin et al., 1999). The rationale behind this 
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therapy asserts that people with insomnia have elevated levels of physiological and mental 

arousal that inhibit sleep. Relaxation training counteracts this arousal, thereby improving 

nighttime sleep. Participants were assisted in developing a pre-bedtime routine to help them wind 

down at the end of the day and prepare for sleep. They were also told about the rationale for 

relaxation techniques and led through a scripted relaxation exercise that consisted of deep 

breathing, progressive muscle relaxation (tensing and relaxing different muscle groups one at a 

time), and autogenic training (statements the participants repeat to themselves that promote deep 

relaxation such as “my arms and legs are heavy and warm”). Participants were given an audio 

CD that contained a recording of the relaxation exercise that was presented during session and 

was recorded by their treating therapist. They were instructed to practice the exercise with the 

CD twice a day. 

Cognitive restructuring. Individuals’ beliefs, attitudes, and interpretations about their 

sleep problems may contribute to chronic insomnia. For instance, worrying over sleep loss, 

ruminating about the consequences of insomnia, or forming unrealistic expectations about sleep 

needs can lead to arousal and maladaptive habits that perpetuate sleep problems (Morin, 1993). 

The goal of cognitive restructuring is to elicit the participants’ dysfunctional beliefs and attitudes 

about sleep, then systematically challenge these thoughts and develop more adaptive ones. Prior 

to the sessions that focused on cognitive restructuring, participants completed the DBAS. Highly 

rated items, which indicate strongly held beliefs, were addressed and challenged. Participants 

were also led through an exercise geared to elicit catastrophic beliefs about insomnia. These 

beliefs were also systematically addressed and challenged. 

Assessment of Treatment Fidelity 

Unlike previous studies with college students, in this study therapist and participant 
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compliance was assessed and quantified to ensure adequate (a) therapist adherence to, (b) 

participant comprehension of, and (c) participant adherence to intervention protocols. Instruction 

strategies were employed to increase the likelihood of proper treatment administration and 

assessment strategies to determine the degree of implementation that actually occurred. 

Therapist adherence. Therapists were thoroughly trained in CBTi and supervised by a 

licensed psychologist with expertise in CBTi and certified in behavioral sleep medicine. 

Therapists were given checklists/agendas to follow during sessions to ensure all components of 

the interventions were administered appropriately. All sessions were digitally recorded. Twenty-

five percent of the recordings were randomly selected to be evaluated by the other two therapists. 

The evaluating therapists rated the adherence to the treatment manual and quality of the therapy 

delivered. 

Participant comprehension. Participants were given the rationale and written handouts 

for each treatment intervention. Therapists stopped after each new concept was introduced and 

ensured the participant understood everything by asking the participant if he or she understood 

and answering all questions. Procedural modifications, such as a slower pace or repeated 

focusing on troublesome areas, were adopted when problems arose. 

Participant adherence. To ensure participants adhered to stimulus control and sleep 

restriction instructions, they were asked to record sleep times on a sleep diary and wear an 

Actiwatch. Adherence was calculated from sleep diary data by comparing prescribed TIB to the 

actual TIB reported on the diaries. Actigraphy was also used to detect extended sleep occurring 

in excess of the prescribed TIB or during the day. Participants were given handouts each week 

with written instructions on procedures, tips, and rationale to help promote adherence. They were 

also given a relaxation CD that contained a recording of the exercise presented during treatment 



33 

and recorded by the treating therapist to use at home to ensure adequate pacing. The therapist 

added encouragement on the importance of regular practice. In addition, participants were asked 

to keep a weekly log to record their adherence to the instructions for each day. Logs included of 

list of instructions and participants were asked to check off which ones they followed each day. 

At the beginning of each session, the previous week’s sleep diaries and logs were collected and 

reviewed with the participant. 
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STATISTICAL ANALYSES 

Pre-Treatment to Post-Treatment Comparisons 

All dependent variables were compared between the treatment group who received 

cognitive-behavioral therapy for insomnia (CBTi) and the wait list control (WLC) group at pre-

treatment to determine if there were any significant differences between the groups. These 

comparisons were made using a series of t-tests and applying Bonferroni’s correction to protect 

from type I error. Next, a 2 (CBTi vs. WLC) x 2 (pre-treatment vs. post-treatment) repeated 

measures analysis of variance (ANOVA) was performed with the sleep efficiency (SE) variable 

from the sleep diaries as the dependent variable since SE provides a global measure of sleep 

continuity. Since the ANOVA was significant for the SE variable, a 2x2 repeated measures 

MANOVA analysis was performed on the sleep continuity variables that comprise SE: Sleep 

onset latency (SOL), time awake after sleep onset (WASO), number of nighttime awakenings 

(NWAK), terminal wakefulness (TWAK), and total sleep time (TST). A 2x2 repeated measures 

MANOVA was also conducted on the subjective ratings assessed on the sleep diaries: Sleep 

quality (SQ), daytime alertness (DA), and morning alertness (MA). For all 2x2 repeated 

measures MANOVAs, when the MANOVA was significant, follow-up univariate repeated 

measures ANOVAs were conducted on each variable.  

To analyze the sleep disturbance questionnaires, a 2x2 repeated measures MANOVA was 

conducted with the total scores from the sleep disturbance questionnaires: Insomnia Severity 

Index (ISI), Pittsburgh Sleep Quality Index (PSQI), Dysfunctional Beliefs and Attitudes About 

Sleep (DBAS), Epworth Sleepiness Scale (ESS), and Morningness-Eveningness Questionnaire 

(MEQ) as the dependent variables. The five scales of the Multidimensional Fatigue Index (MFI) 

were also analyzed together in a 2x2 repeated measures MANOVA.  Next, to analyze the 
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psychosocial variables, a 2x2 repeated measures MANOVA was performed with the total scores 

from the psychosocial variables: Quality of Life Enjoyment and Satisfaction Questionnaire (Q-

LES-QSF), Quick Inventory of Depressive Symptomatology (QIDS), State-Trait Anxiety 

Inventory (STAI), Perceived Stress Scale (PSS), Alcohol Use Disorders Identification Test 

(AUDIT), and Marijuana Problem Scale (MPS) as the dependent variables. To analyze the 

academic functioning data, a 2x2 repeated measures ANOVA was conducted with grade point 

averages (GPA) as the dependent variable. To analyze the actigraphy data, a 2x2 repeated 

measures ANOVA was to be conducted with the SE variable produced by actigraphy. If the 

ANOVA for SE was significant, then a 2x2 repeated measures MANOVA would be conducted 

with the remaining variables produced by actigraphy, SOL, WASO, NWAK, and TST. For all 

2x2 repeated measures MANOVAs, when the MANOVA was significant, follow-up univariate 

repeated measures ANOVAs were conducted on each variable. 

Post-Treatment to Follow-Up Comparisons 

The same analyses run to compare pre-treatment to post-treatment were repeated as a 

series of repeated measures ANOVAs and MANOVAs to compare the CBTi group at post-

treatment and follow-up. The same dependent variables were evaluated to ensure maintenance of 

gains. For all repeated measures MANOVAs, if the MANOVA was significant, follow-up 

univariate repeated measures ANOVAs were conducted on each variable. 

Intent to Treat Analyses 

Intent to treat analyses were conducted to analyze the effectiveness of the treatment 

including the results obtained by participants who dropped out of the study. The last observation 

carried forward approach was used to impute missing data for participants who did not complete 

the study. All of the pre-treatment to post-treatment analyses and post-treatment to follow-up 
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analyses were repeated including the imputed missing data.  

Predictors of Treatment Response 

A series of multiple regressions were used to determine if demographic variables, sleep 

disturbance variables, or psychosocial functioning variables assessed at pre-treatment as well as 

treatment adherence could predict treatment outcomes. Potential predictors included gender, 

ethnicity, morningness or eveningness tendencies (MEQ), level of sleepiness (ESS), adherence to 

treatment, type of residence, insomnia severity (ISI), fatigue (MFI), depression (QIDS), anxiety 

(STAI), quality of life (Q-LES-QSF), stress level (PSS), social support (Multidimensional Scale 

of Perceived Social Support; MSPSS), and coping styles (Brief COPE). Treatment outcome was 

measured by pre-treatment to post-treatment changes in SE.  
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RESULTS 

Participant Flow 

Between August 2006 and October 2007, 171 individuals contacted the UNT Sleep and 

Health Research Laboratory in response to study recruitment advertisements (Figure 1). Thirty-

four individuals were admitted to the study and were randomized into either the treatment (n = 

17) or waitlist control (n = 17) group. Refer to Table 2 for gender, ethnicity, age, and marital 

status of the participants included in the study.  

Of the 17 participants in the treatment group, 15 completed all six treatment sessions. 

One participant completed 4 treatment sessions, which was considered a minimally acceptable 

dose, and returned six weeks after the start of treatment to complete the post-treatment 

questionnaires, which were analyzed with the treatment completers. One participant completed 2 

treatment sessions and dropped out of the study due to scheduling conflicts that interfered with 

attending treatment sessions. Participants in the treatment group were asked to complete a series 

of follow-up questionnaires three months after the completion of the treatment phase of the 

study. Seven individuals completed these follow-up questionnaires.  

Of the 17 participants in the control group, three failed to return the pre-treatment 

questionnaires after being admitted to the study and were excluded from all analyses. One 

participant did not complete the post-treatment sleep diary, although she did complete all other 

post-treatment questionnaires. One participant refused to complete any of the post-treatment 

questionnaires and dropped out of the study.  

Comparisons between participants who dropped out of the study and who completed the 

study indicate those who dropped out rated their level of daytime alertness (DA) on pre-

treatment sleep diaries as significantly lower (more tired) than participants who completed the 
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study, p  = .002. There were no other significant differences on demographic variables, other 

sleep diary variables, sleep related questionnaires, or psychosocial measures. 

Polysomnography 

Three out the 31 polysomnography (PSG) studies conducted on the participants were not 

usable due to technical problems during the PSG recording. Of the 28 scored PSGs, the average 

scoring concordance between the technicians was 90%. The concordance scores for two PSGs 

were below 80% between the technicians and were re-scored by the supervising psychologist, 

who is a Diplomat of the American Board of Sleep Medicine. Results of the PSGs indicated 26 

participants had no occult sleep disorders, one had indications of sleep apnea, and four had 

indications of a periodic limb movement disorder.  

Treatment Fidelity 

Audio recordings of 23 treatment sessions, 25.6% of the total treatment sessions 

provided, were randomly selected to be evaluated by the other two graduate student therapists. 

The evaluators rated each component specified in the treatment manual in each session on a 5-

point Likert scale (e.g., 0 = poor/absent, 2 = present/acceptable, 4 = excellent). The overall mean 

rating for all of the evaluated sessions was 2.85, with a standard deviation of 0.56. The raters 

observed an overall mean of 90.49% with a standard deviation of 14.78 of the required 

components to be present. Refer to Table 3 for a breakdown of the mean Likert scale rating and 

percentage of components present for each session. 

Pre-Treatment to Post-Treatment Comparisons 

An analysis of the baseline measures conducted indicated there were no significant 

differences between the treatment and control groups prior to treatment (Table 4). Of the 31 

participants in the study, 16 participants reported having a medical condition on the Duke 
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Structured Interview for Sleep Disorders (DSISD) medical history checklist. Based on the 

categories listed on DSISD medical history checklist, nine participants reported experiencing 

headaches or migraines, one reported a chronic pain condition, one reported a pulmonary 

problem, one reported a gastrointestinal problem, one reported an endocrine problem, one 

reported a sexually transmitted disease, and two reported multiple medical problems. Chi-

squared analyses indicated there were no significant differences between the treatment group 

who received cognitive-behavioral therapy for insomnia (CBTi) and the wait list control group 

(WLC) on the number of medical problems reported by members of each group. No information 

is available regarding the severity of the reported disorders.  

A score of 11 or greater on the Quick Inventory of Depressive Symptomatology (QIDS) 

suggests clinically significant depressive symptoms of at least moderate severity (Rush et al., 

2003). Out of the 31 participants, 9 had pre-treatment QIDS scores greater than 11. Chi-squared 

analyses indicated no significant differences between the CBTi group and the WLC group on the 

number of individuals with clinically significant QIDS scores. A T-score greater than 70 on the 

State-Trait Anxiety Inventory (STAI) represents a score that is two or more standard deviations 

above the mean and suggests clinically significant anxiety. Three participants had pre-treatment 

STAI T-scores greater than 70. Chi-squared analyses indicated no significant difference between 

the CBTi and the WLC groups in the number of participants with significantly high STAI scores.   

A series of 2 (CBTi vs. WLC) x 2 (pre-treatment vs. post-treatment) repeated measures 

ANOVAs and MANOVAs were conducted on the variables recorded on the sleep diaries. For 

the analyses of sleep efficiency (SE) and the sleep continuity variables, Box’s test of equality of 

covariance matrices was significant (p < .001), suggesting there was not homogeneity of the 

variance-covariance matrices. This heterogeneity may have been related to outlier data produced 
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by a participant in the WLC group who reported not sleeping for three nights during the post-

treatment data collection period. Pillai’s trace was used for these two analyses because it is 

robust to violations of the homogeneity of the variance-covariance assumption (Tabachnick & 

Fidell, 2007).  

A 2x2 repeated measures ANOVA of SE indicated there was a significant group x time 

interaction with a large effect size, Pillai’s trace = 0.269, F(1, 26) = 9.572, p = .005, partial 
2
 = 

.269, with the treatment group showing significantly greater improvements in SE from pre- to 

post-treatment (Table 4 and Figure 2). A 2x2 repeated measures MANOVA then was conducted 

on the sleep continuity variables that make up SE (i.e., sleep onset latency (SOL), number of 

nighttime awakenings (NWAK), time awake after sleep onset (WASO), terminal wakefulness 

(TWAK), and total sleep time (TST)). The results indicated a significant group x time interaction 

with a large effect size, Pillai’s Trace = .495, F(5, 22) = 4.317, p = .007, partial 
2
 = .495. 

Follow-up univariate analyses (Table 4) again showed the treatment group had significantly 

greater improvement on SOL, NWAK, and WASO (Figures 3-5). There was also a significant 

main effect for time for TWAK, F(1, 26) = 10.734, p = .003, partial 
2
 = .292, which suggests 

both groups had significant reductions in TWAK during the course of the study. There were no 

significant differences in TST. A summary of the sleep continuity data is shown in Figures 6-8. 

Both groups showed non-significant increases in the total amount of time they spent asleep 

(Figure 6), however, the CBTi group reduced the amount of time they spent in bed (Figure 7) 

which reduced the amount of time they spent awake in bed during the night (Figure 8). 

A 2x2 repeated measures MANOVA was also conducted for the subjective ratings (sleep 

quality (SQ), daytime alertness (DA), morning alertness (MA)). The results indicated a non-

significant group x time interaction and a significant main effect for time with a large effect size, 
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Wilks’  = .484, F(3, 23) = 8.178, p = .001, partial 
2
 = .516. Because the DA and MA items 

were a new addition in this research area, follow-up univariate analyses were performed (Table 4 

and Figure 9) to determine if there were differences in the more traditionally measured SQ. 

Follow-up analyses indicated a significant group x time interaction for SQ, but not for DA or 

MA, although there were significant main effects for time for both of these measures, DA F(1, 

25) = 9.441, p = .005, partial 
2
 = .274, MA F(1, 25) = 10.514, p = .003, partial 

2
 = .296.   

A 2x2 repeated measures MANOVA was conducted on the sleep disturbance 

questionnaires (Insomnia Severity Index (ISI), Pittsburgh Sleep Quality Index (PSQI), 

Dysfunctional Beliefs and Attitudes About Sleep (DBAS), Epworth Sleepiness Scale (ESS), and 

Morningness-Eveningness Questionnaire (MEQ). The results indicated a significant group x time 

interaction with a large effect size, Wilks’  = .595, F(5, 23) = 3.137, p = .026, partial 
2
 = .405. 

Follow-up univariate analyses (Table 4) indicated significant group x time interactions for the 

ISI, PSQI, and DBAS (Figures 10-12) indicating CBTi group showed significant improvement 

on these measures. There was a significant main effect for time for ESS, F(1, 27) = 10.628, p = 

.003, partial 
2
 = .282 suggesting both groups showed less sleepiness over time. There were no 

significant differences in MEQ. 

A 2x2 repeated measures MANOVA for the scales of the Multidimensional Fatigue 

Inventory (MFI) indicated a non-significant trend toward a group x time interaction with a large 

effect size Wilks’  = .674, F(5, 23) = 2.221, p =.087, partial 
2
 = .326. There was a significant 

main effect for time, Wilks’  = .365, F(5, 23) = 7.992, p < .001, partial 
2
 = .635, suggesting 

both groups experienced less fatigue at the end of the study. Follow-up univariate analyses 

(Table 4) indicated a significant group x time interaction for general fatigue, with the CBTi 

group showing significant reductions in general fatigue from pre-treatment to post-treatment 
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(Figure 13). There were also significant main effects for time for physical fatigue, F(1, 27) = 

5.979, p = .021, partial 
2
 = .181, mental fatigue, F(1, 27) = 12.632, p = .001, partial 

2
 = .319, 

and reduced motivation, F(1, 27) = 7.982, p = .009, partial 
2
 = .228 indicating both groups 

showed improvements in these areas. There were no significant differences in reduced activity. 

A 2x2 repeated measures MANOVA for the psychosocial functioning variables (Quality 

of Life Enjoyment and Satisfaction Questionnaire (Q-LES-QSF), QIDS, STAI, Perceive Stress 

Scale (PSS), Alcohol Use Disorders Identification Test (AUDIT), Marijuana Problem Scale 

(MPS)) indicated there was not a significant group x time interaction. There was a significant 

main effect for time, Wilks’  = .349, F(6, 22) = 6.842, p < .001, partial 
2
 = .651. Univariate 

tests (Table 4) indicated no significant group x time interactions for any of the measures. 

However, there were significant main effects for time for Q-LES-QSF, F(1, 27) = 17.002, p < 

.001, partial 
2
 = .386, QIDS, F(1, 27) = 21.545, p < .001, partial 

2
 = .444, STAI, F(1, 27) = 

18.246, p < .001, partial 
2
 = .403, and PSS, F(1, 27) = 8.019, p = .009, partial 

2
 = .229, 

suggesting quality of life, depression, anxiety, and stress levels improved for participants in both 

groups during the course of the study. There were no significant differences on either the AUDIT 

or the MPS.  

Twenty of the participants signed releases of information in order for their grade point 

averages (GPAs) from their transcripts to be used, 11 from the CBTi group and 9 from the WLC 

group. Out of these 20 participants, 9 were in their first semester at UNT when they participated 

in the study (6 from the CBT group, 3 from the WLC group) and 2 were in their last semester 

(both from the WLC group). Thus, pre-treatment or post-treatment GPAs were not available for 

these 12 students. In order to include the maximum number of participants in the analysis, a t-test 

was conducted on post-treatment GPAs, comparing the CBTi group to the WLC group. The 
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results of this analysis indicated there was not a significant difference between the two groups on 

post-treatment GPAs.   

Due to technical difficulties, the Actiwatch devices did not record either the pre-treatment 

or post-treatment data for eight participants. Due to errors and inconsistencies in the instructions 

provided to the participants, very few of the participants used the event markers to indicate the 

times they got into and out of bed. Without specified bedtimes and wake times, the actigraphy 

data was difficult to interpret. For instance, it was not clear if a period of activity represented 

tossing and turning in bed or out of bed activities. Attempts were made to use the sleep diaries to 

determine bed and wake times. However, there were discrepancies between these subjective and 

objective measures. Only data for five participants, 21.7% of the available actigraphy data, 

corresponded within one hour of the reported bed or sleep onset and wake times on the sleep 

diaries for at least five out of seven nights of the pre-treatment or post-treatment data collection 

periods. Thus, since the majority of the actigraphy data were not usable, analyses of these data 

were not performed.    

Post-Treatment to Follow-Up Comparisons 

Repeated measures ANOVAs and MANOVAs were conducted for all of the sleep diary 

variables, sleep disturbance questionnaires, and psychosocial variables used in the pre-treatment 

to post-treatment comparisons to evaluate if the treatment group maintained gains from post-

treatment to follow-up. There were no significant differences between any of the dependent 

variables from post-treatment to follow-up, suggesting that the treatment group maintained the 

gains they achieved during therapy throughout the three month follow-up period. 

Intent to Treat Analyses 

The results of the intent to treat analyses were similar to the original comparisons. All of 
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the pre-treatment to post-treatment comparisons and the post-treatment to follow-up comparisons 

yielded the same results as the original comparisons with minor differences in the exact 

statistical values.  

Post-Treatment Interview Questionnaires 

Post-treatment interview questionnaires were completed by 15 out of 16 of the CBTi 

participants. Half of the participants (50.0%) indicated they no longer had insomnia, 35.7% 

stated they continue to have insomnia and 14.3% stated they were not sure. All of the 

participants reported positive responses to treatment, many stated they enjoyed it or found it 

beneficial. Most commonly, participants reported the techniques they learned were helpful and 

their sleep problems were reduced or eliminated. Relaxation and sleep restriction were 

considered the most beneficial techniques. While nearly half of the participants found all parts of 

treatment beneficial, 13% considered relaxation and completing sleep diaries, progress logs, and 

other study related paperwork the least beneficial. Nearly half of the participants considered 

wearing the Actiwatch the easiest part of treatment and following the sleep schedule was the 

most challenging. However, 45% would recommend having a consistent sleep schedule to a 

friend with insomnia. On a 10-point Likert scale, with a rating of 1 as least and 10 as most, the 

mean level of confidence in accomplishing the recommendations of treatment was 8.27 with a 

standard deviation of 1.10. On the same 10-point Likert scale, the mean level of motivation to 

follow the recommendations of treatment was 7.53 with a standard deviation of 2.00. Refer to 

Table 5 for the remainder of responses to the post-treatment interview questionnaire.  

Predictors of Treatment Response 

A series of multiple regressions were conducted to determine if demographic variables, 

sleep disturbance variables, or psychosocial functioning variables assessed at pre-treatment or 
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treatment adherence could predict treatment outcome, as defined by a change in SE. The 

predictors evaluated were gender, ethnicity, adherence to treatment, type of residence, and scores 

on the ISI, MEQ, ESS, MFI, QIDS, STAI, Q-LES-QSF, PSS, Multidimensional Scale of 

Perceived Social Support (MSPSS), and Brief COPE. The results indicated that none of the 

variables could significantly predict a pre-treatment to post-treatment change in SE. However, 

these analyses were conducted with only the CBTi group’s data, which had a relatively small 

sample size and unequal group sizes, e.g. more females than males. Thus, these analyses may not 

have had adequate power to detect significant relationships. 
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DISCUSSION 

This is the first study of multi-component cognitive-behavioral therapy for insomnia 

(CBTi) with a college student population. Twenty-nine students completed the treatment phase 

of the study and seven students completed the three-month follow-up. The primary goal of this 

study was to determine if CBTi was an effective intervention for improving insomnia in a college 

student population. It was hypothesized that students treated with CBTi would show improvements 

in sleep related variables, psychosocial variables, and academic functioning and these improvements 

would be significantly greater than any improvements seen in the control group. Based on the study 

results, CBTi was effective and the hypotheses were partially correct, as the participants who 

received CBTi significantly improved on some, but not all of the variables assessed. At the end of 

the six-week treatment phase, the participants who received CBTi demonstrated significantly 

improved sleep over the control group. Specifically, the treatment group experienced increases in 

their sleep efficiency (SE) and sleep quality (SQ) as well as decreases in sleep onset latency 

(SOL), number of nighttime awakenings (NWAK), and time awake after sleep onset (WASO) as 

reported on sleep diaries. The treatment group also demonstrated reductions in insomnia severity, 

dysfunctional beliefs about sleep, and general fatigue, as well as increases in global sleep quality. 

They maintained all of these gains at the three-month follow-up.  

The improvements seen on the sleep related variables including the sleep diaries and 

questionnaires were consistent with the results other CBTi treatment studies conducted with the 

general and older adult populations (de Niet, Tiemens, Kloos, & Hutschemaekers, 2009; Dolan, 

Taylor, Bramoweth, & Rosenthal, 2010; Morin et al., 1994; Morin et al., 2006). Specifically, the 

students in this study demonstrated a 16% improvement in sleep efficiency, 68% improvement in 

SOL, 81% improvement in WASO, 64% improvement in NWAK, and 34% improvement in 
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sleep quality. These gains were slightly larger than the average improvements reported by Smith 

and colleagues (2002). The results of this study were also consistent with the previous single and 

combined modality treatment studies with college students in that the participants showed 

improvements in SOL, NWAK, WASO, and SQ. However, the students in this study also 

showed improvements in SE and fatigue as well as adopted healthier beliefs about sleep, which 

were not found in the previous study with college students that assessed these outcomes (Means 

et al., 2000). Although both groups in this study reduced their terminal wakefulness (TWAK), 

the CBTi group was not significantly different from the wait list control (WLC) group on this 

outcome. This finding may be due to a floor effect since neither group had clinically significant 

(greater than 30 minutes) TWAK at baseline.  

There were no significant changes in total sleep time (TST) in this study, which is a 

common finding for insomnia treatment studies that include stimulus control and sleep restriction 

interventions (Riemann & Perlis, 2009). Additionally, large surveys of the general college 

student population, which may include normal sleepers and students with sleep problems, have 

found college students sleep an average of 7.0-7.5 hours per night (Lund, Reider, Whiting, & 

Prichard, 2010; Taylor & Bramoweth, 2010). Participants in both groups of this study were 

within this average range; they slept an average of 7.25 hours at baseline and 7.5 hours at post-

treatment. Thus, the significant differences between the two groups on other treatment outcomes 

suggests the benefits of CBTi come from improvements in the quality of sleep and reductions in 

the time awake during the night rather than increasing the amount of sleep. 

Although the CBTi group showed significant increases in their sleep quality and 

decreases in their insomnia intensity and general fatigue, their improvements in ratings of 

alertness, other dimensions of fatigue, psychosocial functioning, and academic functioning were 
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not significantly different from the changes seen in the control group. Previous studies with 

college students have suggested there are correlations between sleep quality or insomnia 

complaints and depression, anxiety, fatigue, academic performance, and life satisfaction 

(Fernández-Mendoza et al., 2009; Pilcher & Ott, 1998). However, treatment studies with the 

general population have yielded mixed results on the effects of CBTi on psychosocial 

functioning. One possible explanation for the lack of change in psychosocial functioning in this 

study is that because neither group had clinically significant mean elevations on the psychosocial 

measures, the treatment effects were masked by the participants’ high level of functioning. 

Another possible explanation could be that CBTi may not sufficiently address or modify 

perceptions and cognitions about sleep related to depression, anxiety, fatigue, sleepiness, and 

sleep-related distress,  and thus may not lead to significant treatment effects in psychosocial 

functioning (Omvik et al., 2008; Ustinov, Lichstein, Wal, Taylor, Riedel, & Bush, 2010).  

Overall, the students in the CBTi group responded positively to the therapy and described 

the treatment as enjoyable and beneficial. Half of the CBTi group considered themselves to no 

longer have insomnia by the end of the treatment phase. The CBTi group considered the 

relaxation strategies to be the most beneficial aspect of treatment and wearing the Actiwatch to 

be the easiest part. Although they considered following the prescribed sleep schedule the most 

challenging part of treatment, they also said they would recommend having a consistent sleep 

schedule to a friend with insomnia. These results are similar to those found by Ong, Shapiro, and 

Manber (2008) who also assessed satisfaction with treatment. Ong and colleagues found half of 

their sample was very or completely satisfied with their treatment and they considered the 

behavioral components at least moderately helpful as well. The study by Ong and colleagues 

employed mindfulness meditation instead of the relaxation component used in this study. 
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Participants considered the mindfulness meditation helpful and enjoyable, which is also similar 

to the treatment group’s reactions to the relaxation training in this study.  

It is notable that only one-third of the respondents described the overall treatment as 

helpful. This seemingly low percentage may be an artifact of the open-ended nature of the 

question. It is likely that participants believed the helpfulness of the treatment was conveyed in 

their other responses, such as their sleep problems were reduced or eliminated, they gained 

control over their sleep, and they will be able to use techniques learned in the future. Participant 

satisfaction is an important component of treatment that may have implications for treatment 

adherence; however it is not commonly assessed in CBTi research. Future studies may consider 

further assessing this integral yet often overlooked construct.    

The secondary goal of the study was to identify predictors of treatment outcomes. It was 

hypothesized that at least one variable out of gender, ethnicity, adherence to treatment, type of 

residence, and scores on the Insomnia Severity Index (ISI), Morningness-Eveningness 

Questionnaire (MEQ), Epworth Sleepiness Scale (ESS), Multidimensional Fatigue Inventory 

(MFI), Quick Inventory of Depressive Symptomatology (QIDS), State-Trait Anxiety Inventory 

(STAI), Quality of Life Enjoyment and Satisfaction Questionnaire (Q-LES-QSF), Perceived 

Stress Scale (PSS), Multidimensional Scale of Perceived Social Support (MSPSS), and Brief 

COPE would significantly predict treatment outcome. This goal was not accomplished as none of 

the variables evaluated significantly predicted treatment outcome. These analyses were 

conducted with only the CBTi group’s data, which had a relatively small sample size, thus these 

analyses may not have had adequate power to detect significant relationships. Of note, the 

analysis of gender may have had exceptionally low power since there were over three times as 

many females in the treatment group as males. Thus, it is possible that Type II errors were 
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committed, the results of these analyses represent false negatives, and there are significant 

relationships between the variables examined and treatment outcome. However, the results of the 

analyses are consistent with some the previous research on predictors of treatment response 

conducted with the general adult population. For instance, studies in general medical practices 

found that gender did not predict treatment outcome (Espie, Inglis, & Harvey, 2001; Espie, 

Inglis, & Tessier et al., 2001).  

This study differs from previous research that found significant relationships between 

poorer treatment outcome and higher levels of pre-treatment insomnia severity, depression, and 

anxiety (Espie, Inglis, & Harvey) as well as low levels of social support (Murata et al., 2007; 

Roberts, Roberts, & Chen, 2002). However, it is in line with other studies that did not find a 

relationship between pre-treatment depression scores and treatment outcome (Vincent & 

Hameed, 2003). As previously noted, participants in this study did not have clinically significant 

mean scores on measures of depression or anxiety and they reported high levels of social support 

as well. Thus, the relationships between these psychosocial variables and treatment outcomes 

may have been masked by the participant’s non-significant scores. Predictive relationships may 

have also been masked by this study’s use of change in SE, a global measure of sleep continuity, 

as the measure of treatment outcome. This global measure is more comprehensive than the 

individual measures of SOL or WASO used in the study by Espie and colleagues or the 

subjective reports of insomnia used by Murata and colleagues and by Roberts and colleagues. 

Therefore, it is possible that college students do not differ from the general population in this 

regard and the results of this study may be valid. 

Since there were no significant predictors of treatment outcome, it appears none of the 

unique characteristics of college students affected their ability to benefit from CBTi. Thus, the 



51 

typical college student tendency to delay sleep, high level of sleepiness, fluctuation in schedules, 

and living arrangements did not affect treatment outcomes. Previous studies have found that 

young adults who delay going to sleep or have tendencies for eveningness have lower sleep 

efficiencies (Lehnkering & Siegmund, 2007) and more insomnia complaints (Fernández-

Mendoza et al., 2009) than those who have tendencies toward morningness. This study was to 

first to examine the relationship between morningness or eveningness tendencies and treatment 

outcome and found these tendencies did not significantly predict changes in SE. Thus, carryover 

effects of the adolescent pubertal circadian shift and the tendency of college students to stay up 

late at night did not affect their response to treatment.  

Several studies have found that college students have high levels of sleepiness (Fukuda & 

Ishihara, 2001; Johns, 1992). However, the mean sleepiness scores for both groups in this study 

were below clinical cutoffs, suggesting these participants were less sleepy than many college 

students. The level of sleepiness of participants in this study did not predict their response to 

CBTi, but it is uncertain if similar results would have occurred if the participants would have had 

higher baseline levels of sleepiness.  

In this study, adherence to the recommended sleep schedule did not predict treatment 

outcome. This finding seems surprising because previous research suggests having a consistent 

sleep schedule with low night-to-night variability in time in bed (TIB) is correlated with 

improved SE (Riedel & Lichstein, 2001). However, the results of the current study are consistent 

with the findings of Vincent and Hameed (2003) who also did not find an association between 

consistency in bed and wake times and improved sleep. Vincent and Hameed point out that sleep 

scheduling is only one aspect of the multi-component treatment. Thus, if participants are 

adherent with other aspects of the treatment they may still receive the benefits of the therapy 



52 

even though they did not follow this one treatment recommendation. 

Additionally, residence type did not appear to affect the participants’ response to CBTi. 

Living in a dorm versus living in another residence type did not predict treatment response. 

Thus, using the bedroom for activities other than sleep did not have an impact of the effect of 

CBTi. This finding is similar to the results of Zwart and Lisman's (1979) analysis of stimulus 

control. They found that college students with insomnia who engaged in an activity in bed 

(reading, watching TV, etc…) if they were unable to fall asleep within ten minutes of going to 

bed had similar reductions in SOL as students who followed stimulus control procedures. They 

suggest the improved sleep is due to the disruption of the tossing, turning, worrying, and other 

distressing cognitions that occur when one has difficulty falling asleep (Zwart & Lisman). In the 

current study, this disruption would have occurred regardless of whether the participants left 

their bedrooms. 

In conclusion, multi-component CBTi was an effective treatment for insomnia in a 

college student population. Students who receive this therapy experience reductions in the 

amount of time it took them to fall asleep at night, the frequency and duration of middle of the 

night awakenings, insomnia intensity, dysfunctional beliefs about sleep, and fatigue. They also 

experienced improvements in sleep quality. It was important to study college students because of 

their specific developmental stage and lifestyle; they are significantly different than the general 

adult population. This study found that the factors that distinguish college students from other 

adults did not interfere with their treatment response. Thus, college students receive similar 

benefits from CBTi as the general and older adult population. 

There were several limitations in this study including the availability of objective data 

and the ability of the study to generalize to larger populations. The objective data was 
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compromised because many errors led to unusable actigraphy data and PSGs were not repeated 

at post-treatment. These errors have been corrected so that future studies using actigraphy 

conducted in this research laboratory should not have the same errors. In this study, PSG was 

solely used to identify occult sleep disorders. If PSGs were repeated at post-treatment then pre-

treatment to post-treatment comparisons could have been made on objective sleep parameters 

(SOL, NWAK, WASO, SE) and these results could have been compared to the subjective sleep 

diaries.  

The ability of the study to generalize to a larger population was affected since neither 

group had clinically significant mean scores on WASO, TWAK, QIDS, or STAI. It is uncertain 

what would have happened if the groups would have experienced higher levels of maintenance 

insomnia, terminal wakefulness, depression, or anxiety. Since the participants in this study were 

not severely impaired in these areas, their results may not generalize to the larger population. 

Also, since they were all volunteers at a public university in North Texas, they may not be 

representative of the general population of college students, young adults who are not students, 

or the general adult population. Future studies could recruit larger samples with greater diversity 

in order to generalize findings to a larger population. 

In addition to correcting for these limitations, future studies could also examine whether 

there are differences in responses to multi-component CBTi versus the individual components or 

combinations of the components. It appears the response to multi-component CBTi is robust. 

Participants who did not adhere to all aspects of treatment still showed improved sleep. In this 

study, it was found that adherence to elements which are considered fundamental to CBTi and 

have the most research support for efficacy, stimulus control and sleep restriction, (Chesson et 

al., 1999; Morgenthaler et al., 2006) did not predict treatment outcome. Future research could be 
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conducted to deconstruct CBTi to examine what elements or combination of elements lead to the 

success of the intervention. 
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Table 1 

 

Summary of Treatment Protocol 

 

Session Intervention 

1 Stimulus control and sleep restriction 

2 Sleep hygiene psychoeducation and sleep restriction titration 

3 Relaxation training and sleep restriction titration  

4 Cognitive restructuring and sleep restriction titration 

5 Cognitive restructuring and sleep restriction titration 

6 Relapse prevention, sleep restriction titration, and termination 

 

 

 

 

 

Table 2 

 

Participant Characteristics 

 

 CBTi (n = 17) WLC (n = 14) Total (n = 31) 

Age – years: Mean (SD) 19.5 (1.66) 19.7 (2.34) 19.6 (1.96) 

Gender    

 Females 13 6 19 

 Males   4 8 12 

Ethnicity    

 Caucasian 9 9 18 

 Hispanic 5 1   6 

 African American 2 2   4 

 Asian-American 0 2   2 

 Biracial 1 0   1 

Marital Status    

 Single 13 14 27 

 Married   1   0   1 

 Living with Partner   3   0   3 

Note. CBTi = Cognitive-behavioral therapy for insomnia (treatment group); WLC = Wait list 

control (control group).  
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Table 3 

 

Treatment Fidelity Evaluation - Mean Likert Scale Rating and Percentage of Components 

Present for Each Session 

 

Session 

Number 

Likert Scale Rating 

Mean (SD) 

Percentage of Components Present 

Mean (SD) 

1 2.46 (0.67) 83.34 (19.10) 

2 3.00 (0.54) 94.81 (7.74) 

3 3.08 (0.34) 94.12 (9.43) 

4 2.78 (0.49) 90.91 (18.82) 

5 3.00 (0.64) 90.39 (19.23) 

6 2.67 (0.63) 82.22 (19.63) 
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Table 4  

 

Means and Standard Deviations of Dependent Measures and Follow-Up Univariate Analyses of Pre-Treatment to Post-Treatment 

Comparisons 

      

Measure Pre-Treatment 

Mean (SD) 

Post-Treatment 

Mean (SD) 

Follow-Up 

Mean (SD) 

F df p partial 

η
2
 

Sleep diary        

 Sleep efficiency % (SE)        

  CBTi 

WLC 

82.33 (0.09) 

84.30 (0.07) 

95.48 (0.03) 

84.40 (0.14) 

95.95 (0.04) .572 1, 26 .005 .269 

 Total sleep time (TST) in minutes        

  CBTi 

WLC 

429.39 (60.52) 

440.97 (67.92) 

452.20 (57.18) 

452.20 (57.35) 

485.53 (67.76) 0.498 1, 26 .487 .019 

 Time in bed (TIB) in minutes        

  CBTi 

WLC 

519.92 (46.17) 

519.79 (62.95) 

473.80 (61.58) 

524.99 (49.68) 

507.08 (80.04)     

 Sleep onset latency (SOL)        

  CBTi 

WLC 

38.27 (27.90) 

46.03 (22.38) 

12.18 (7.45) 

49.44 (45.42) 

12.41 (8.69) 7.633 1, 26 .010 .227 

 Number of nighttime awakenings (NWAK)       

  CBTi 

WLC 

1.81 (1.09) 

1.19 (0.98) 

0.66 (0.92) 

0.81 (0.94) 

0.51 (0.74) 7.748 1, 26 .010 .230 

 Time awake after sleep onset (WASO)       

  CBTi 

WLC 

27.79 (21.22) 

12.70 (12.33) 

5.18 (7.16) 

11.05 (22.57) 

4.55 (8.58) 10.539 1, 26 .003 .288 

 Terminal wakefulness (TWAK)        

  CBTi 

WLC 

23.48 (26.61) 

20.10 (17.08) 

4.24 (6.25) 

12.50 (11.91) 

4.59 (11.84) 2.495 1, 26 .126 .088 

 Daytime alertness (DA)        

  CBTi 

WLC 

5.72 (1.68) 

5.16 (1.15) 

7.09 (1.20) 

5.69 (1.31) 

7.61 (1.08) 2.618 1, 25 .118 .095 

(table continues) 



58 

Table 4 (continued). 

Measure Pre-Treatment 

Mean (SD) 

Post-Treatment 

Mean (SD) 

Follow-Up 

Mean (SD) 

F df P partial 

η
2
 

 Morning alertness (MA)        

  CBTi 

WLC 

5.27 (1.53) 

4.71 (1.45) 

6.46 (1.43) 

4.99 (1.61) 

7.22 (1.27) 2.568 1, 25 .122 .093 

 Sleep quality (SQ)        

  CBTi 

WLC 

5.62 (1.26) 

5.21 (1.34) 

7.55 (1.17) 

5.81 (1.10) 

7.94 (1.40) 7.286 1, 25 .012 .226 

Insomnia Severity Index (ISI)        

 CBTi 

WLC 

15.24 (5.23) 

15.29 (5.08) 

5.56 (5.21) 

11.38 (4.72) 

2.43 (2.76) 9.958 1, 27 .004 .269 

Pittsburgh Sleep Quality Index (PSQI)        

 CBTi 

WLC 

9.59 (3.34) 

9.86 (3.61) 

3.31 (2.47) 

7.62 (2.57) 

3.14 (1.21) 5.980 1, 27 .021 .181 

Dysfunctional Beliefs and Attitudes about Sleep (DBAS)       

 CBTi 

WLC 

80.29 (30.33) 

86.93 (26.58) 

34.63 (20.42) 

73.38 (15.23) 

16.57 (14.67) 10.820 1, 27 .003 .286 

Epworth Sleepiness Scale (ESS)        

 CBTi 

WLC 

8.29 (3.06) 

9.79 (4.21) 

5.94 (2.84) 

8.08 (3.38) 

3.00 (2.08) 0.134 1, 27 .718 .005 

Morningness – Eveningness Questionnaire (MEQ)      

 CBTi 

WLC 

17.00 (4.92) 

15.00 (4.15) 

17.38 (3.67) 

14.00 (4.58) 

19.14 (4.53) 1.284 1, 27 .267 .045 

Multidimensional Fatigue Inventory (MFI)       

 General fatigue scale        

  CBTi 

WLC 

14.18 (3.45) 

14.29 (2.30) 

9.81 (3.23) 

12.77 (2.68) 

7.86 (1.77) 8.067 1, 27 .008 .230 

 Physical fatigue scale        

  CBTi 

WLC 

10.88 (3.50) 

10.25 (4.39) 

8.25 (3.15) 

9.46 (3.76) 

8.57 (4.24) 0.864 1, 27 .361 .031 

(table continues) 
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Table 4 (continued). 

Measure Pre-Treatment 

Mean (SD) 

Post-Treatment 

Mean (SD) 

Follow-Up 

Mean (SD) 

F df P partial 

η
2
 

 Mental fatigue scale         

  CBTi 

WLC 

12.18 (4.13) 

12.57 (2.24) 

9.88 (4.10) 

11.38 (3.31) 

7.86 (3.02) 

 

0.562 1, 27 .460 .020 

 Reduced activity scale        

  CBTi 

WLC 

10.29 (2.73) 

  9.57 (3.99) 

8.19 (3.17) 

9.92 (3.68) 

8.29 (3.40) 3.567 1, 27 .070 .117 

 Reduced motivation scale        

  CBTi 

WLC 

10.94 (3.42) 

9.57 (2.24) 

8.56 (3.10) 

8.31 (2.36) 

7.43 (3.95) 0.355 1, 27 .556 .013 

Quality of Life Enjoyment and Satisfaction Questionnaire – Short Form (Q-LES-QSF)     

 CBTi 

WLC 

47.49 (8.25) 

47.43 (7.79) 

56.19 (7.10) 

50.85 (7.67) 

57.14 (11.99) 2.832 1, 27 .104 .095 

Quick Inventory of Depressive Symptomatology (QIDS)       

 CBTi 

WLC 

7.97 (4.09) 

8.07 (3.60) 

4.19 (3.83) 

6.54 (3.10) 

3.71 (3.25) 2.027 1, 27 .166 .070 

State-Trait Anxiety Index (STAI)        

 CBTi 

WLC 

41.38 (12.67) 

44.36 (9.07) 

35.56 (11.70) 

40.42 (7.65) 

32.00 (11.45) 0.045 1, 27 .834 .002 

Perceived Stress Scale (PSS)        

 CBTi 

WLC 

16.12 (7.88) 

18.86 (5.17) 

12.75 (9.29) 

15.92 (4.75) 

11.57 (8.92) 0.014 1, 27 .908 .001 

Alcohol Use Disorders Identification Test (AUDIT)       

 CBTi 

WLC 

2.71 (2.95) 

2.79 (2.08) 

2.56 (3.33) 

3.00 (2.55) 

0.43 (0.79) 0.010 1, 27 .922 <.001 

(table continues) 
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Table 4 (continued). 

Measure Pre-Treatment 

Mean (SD) 

Post-Treatment 

Mean (SD) 

Follow-Up 

Mean (SD) 

F df P partial 

η
2
 

Marijuana Problem Scale (MPS)        

 CBTi 

WLC 

1.24 (2.56) 

0.29 (1.07) 

0.44 (1.31) 

0.92 (3.33) 

0.00 (0.00) 1.086 1, 27 .306 .039 

Multidimensional Scale of Perceived Social Support (MSPSS)      

 Significant other scale        

  CBTi 

WLC 

23.35 (4.82) 

19.79 (6.00) 

23.19 (6.27) 

20.08 (7.95) 

23.14 (6.49)     

 Family scale        

  CBTi 

WLC 

21.65 (5.81) 

21.95 (6.05) 

23.44 (4.69) 

21.92 (6.92) 

23.71 (4.31)     

 Friends scale        

  CBTi 

WLC 

21.88 (4.68) 

21.29 (5.14) 

22.63 (6.66) 

22.15 (4.63) 

20.00 (8.77)     

Brief COPE        

 Self distraction scale        

  CBTi 

WLC 

4.18 (0.95) 

4.86 (1.51) 

3.31 (1.30) 

5.46 (1.71) 

4.00 (1.15)     

 Active coping scale        

  CBTi 

WLC 

5.65 (1.17) 

5.93 (1.69) 

5.50 (1.86) 

6.00 (1.47) 

5.86 (2.04)     

 Denial scale        

  CBTi 

WLC 

2.41 (0.94) 

2.21 (0.43) 

2.19 (0.54) 

2.54 (0.97) 

2.29 (0.49)     

 Substance use scale        

  CBTi 

WLC 

3.12 (1.87) 

2.43 (1.16) 

2.38 (0.72) 

2.31 (0.75) 

2.14 (0.38)     

(table continues) 
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Table 4 (continued). 

Measure Pre-Treatment 

Mean (SD) 

Post-Treatment 

Mean (SD) 

Follow-Up 

Mean (SD) 

F df p partial 

η
2
 

 Emotional support scale        

  CBTi 

WLC 

5.76 (1.48) 

4.79 (1.67) 

5.50 (1.83) 

5.08 (1.44) 

5.57 (2.23)     

 Instrumental support scale        

  CBTi 

WLC 

5.18 (2.04) 

4.71 (1.59) 

5.31 (2.06) 

4.54 (1.94) 

5.71 (2.21)     

 Behavioral disengagement scale        

  CBTi 

WLC 

3.18 (1.29) 

2.71 (0.99) 

2.56 (1.21) 

2.69 (0.95) 

2.57 (1.13)     

 Venting scale        

  CBTi 

WLC 

5.00 (1.97) 

4.14 (1.35) 

4.56 (1.55) 

4.08 (1.61) 

4.43 (1.40)     

 Positive reframing scale        

  CBTi 

WLC 

5.24 (1.68) 

5.14 (1.70) 

4.94 (1.95) 

5.23 (1.96) 

5.29 (2.21)     

 Planning  scale        

  CBTi 

WLC 

5.76 (1.71) 

5.71 (1.68) 

5.00 (2.19) 

5.46 (1.90) 

6.00 (2.24)     

 Humor scale        

  CBTi 

WLC 

3.88 (2.34) 

5.00 (1.36) 

3.44 (1.86) 

4.77 (1.88) 

3.57 (1.40)     

 Acceptance scale        

  CBTi 

WLC 

6.18 (1.59) 

5.64 (1.50) 

5.44 (1.82) 

5.38 (1.50) 

5.14 (2.54)     

 Religion scale        

  CBTi 

WLC 

4.47 (2.53) 

3.36 (1.74) 

4.94 (2.38) 

3.62 (1.85) 

4.86 (2.54)     

(table continues) 
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Table 4 (continued). 

Measure Pre-Treatment 

Mean (SD) 

Post-Treatment 

Mean (SD) 

Follow-Up 

Mean (SD) 

F df p partial 

η
2
 

 Self blame scale        

  CBTi 

WLC 

4.53 (2.07) 

4.50 (1.09) 

3.94 (1.84) 

4.62 (1.61) 

3.29 (1.98)     

Grade Point Average (GPA) 

 CBTi (n=5 pre; n=9 post) 

WLC (n=6 pre; n=7 post) 

3.44 (0.76) 

3.37 (0.76) 

2.71 (1.15) 

2.79 (0.67) 

     

 

Note. CBTi = Cognitive-behavioral therapy for insomnia (treatment group); WLC = Wait list control (control group).  
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Table 5 

 

Results of Post-Treatment Interview Questionnaire.  

 

Interview Question Percentage 

How did you feel about our treatment?  

 Techniques were helpful. 33.33% 

 My sleep problems were reduced or eliminated. 26.67% 

 The sleep schedule was hard to follow. 13.33% 

 I gained more control over my sleep. 13.33% 

 Techniques were simple to follow. 6.67% 

 I will be able to use the techniques in the future. 6.67% 

Is there anything you would change about the study?  

 Nothing. 73.33% 

 Completing progress logs, sleep diaries, and other paperwork. 13.33% 

 Length of weekly sessions. 6.67% 

 Wearing the actiwatch. 6.67% 

What did you find to be most beneficial during the study?  

 Relaxation strategies. 46.67% 

 Attending weekly sessions. 20.00% 

 Sleep restriction; having a sleep schedule. 20.00% 

 Everything. 6.67% 

 Sleep hygiene strategies. 6.67% 

What did you find to be least beneficial during the study?  

 Nothing; everything was beneficial. 46.67% 

 Relaxation strategies. 13.33% 

 Completing progress logs, sleep diaries, and other paperwork. 13.33% 

 Wearing the actiwatch. 6.67% 

 No smoking 2 hours before bedtime; sleep hygiene strategies. 6.67% 

 Attending weekly sessions. 6.67% 

 Sleep restriction; having a sleep schedule. 6.67% 

What was the easiest part of treatment?  

 Wearing the actiwatch. 46.67% 

 Following the prescribed sleep schedule. 13.33% 

 Relaxation strategies. 13.33% 

 Sleeping. 13.33% 

 Attending weekly sessions. 6.67% 

 Establishing a pre-bedtime routine. 6.67% 

What was the most challenging part of treatment?  

 Following prescribed sleep schedule. 50.00% 

 Completing progress logs, sleep diaries, and other paperwork. 31.25% 

 Wearing the actiwatch. 6.25% 

 Not watching TV in bed; following stimulus control strategies. 6.25% 

 Completing the PSG. 6.25% 

(table continues) 



 

64 

Table 5 (continued). 

Interview Question Percentage 

What would you recommend to a friend who is having difficulty sleeping?  

 Follow a regular sleep schedule. 45.00% 

 All of the intervention strategies. 20.00% 

 Stimulus control strategies. 15.00% 

 Sleep hygiene strategies. 15.00% 

 Relaxation strategies. 10.00% 

 

  



 

65 

 

 

 

 

 

 

 

 

 

 

  

136 Screening Phone Calls to Potential Participants 

77 – Excluded  

23 – Not interested 

7 – Not able to attend required 

appointments 

2 – Not current students 

13 – Did not meet insomnia criteria 

17 – Taking psychotropic or 

prescribed sleep medication 

13 – Significant psychiatric 

condition or other sleep 

disorder 

7 – Completed Three Month Follow-Up 

9 – Lost to follow-up  

   

 

17 – Allocated to Treatment Group 

16 – Completed Study 

0 – Dropped out before treatment started 

1 – Dropped out during treatment phase 

Reasons: Unable to keep study 

related appointments due to 

scheduling conflicts 

N/A 

17 Allocated to Control Group 

13 – Completed Study 

3 – Dropped out before treatment started 

Reasons: Did not return pre-

treatment questionnaires 

1 – Dropped out during treatment phase  

 Reasons: Not interested in 

participating 
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34 Randomized 

59 In-person Interview 

25 – Excluded  

15 – Did not keep appointments 

1 – Not interested 

2 – Did not meet insomnia criteria 

7 – Significant psychiatric condition 

or other sleep disorder 

 

171 Calls from Potential Participants 

35 Excluded – Unable to be contacted 

Figure 1. Participant flow in the study. 
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Figure 2. Mean sleep efficiency (SE). CBTi = Cognitive-behavioral therapy for insomnia 

(treatment group); WLC = Wait list control (control group). 

 

 

 

Figure 3. Mean sleep onset latency (SOL). CBTi = Cognitive-behavioral therapy for insomnia 

(treatment group); WLC = Wait list control (control group). 

75

80

85

90

95

100

Pre-Treatment Post-Treatment Follow-Up 

SE
 P

e
rc

e
n

ta
ge

CBTi Group

WLC Group

0

10

20

30

40

50

60

Pre-Treatment Post-Treatment Follow-Up 

SO
L 

N
u

m
b

e
r 

o
f 

M
in

u
te

s

CBTi Group

WLC Group



 

67 

 

Figure 4. Mean number of awakenings (NWAK). CBTi = Cognitive-behavioral therapy for 

insomnia (treatment group); WLC = Wait list control (control group). 

 

 

Figure 5. Mean time awake after sleep onset (WASO). CBTi = Cognitive-behavioral therapy for 

insomnia (treatment group); WLC = Wait list control (control group). 
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Figure 6. Mean total sleep time (TST). CBTi = Cognitive-behavioral therapy for insomnia 

(treatment group); WLC = Wait list control (control group). 

 

 

Figure 7. Mean time in bed (TIB). CBTi = Cognitive-behavioral therapy for insomnia (treatment 

group); WLC = Wait list control (control group). 
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Figure 8. Mean total awake time (TWT). CBTi = Cognitive-behavioral therapy for insomnia 

(treatment group); WLC = Wait list control (control group). 

 

 

 

Figure 9. Mean sleep quality (SQ). CBTi = Cognitive-behavioral therapy for insomnia (treatment 

group); WLC = Wait list control (control group). 
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Figure 10. Mean Insomnia Severity Index (ISI) scores. CBTi = Cognitive-behavioral therapy for 

insomnia (treatment group); WLC = Wait list control (control group). 

 

 

 

Figure 11. Mean Pittsburgh Sleep Quality Index (PSQI) scores. CBTi = Cognitive-behavioral 

therapy for insomnia (treatment group); WLC = Wait list control (control group). 
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Figure 12. Mean Dysfunctional Beliefs and Attitudes About Sleep (DBAS) scores. CBTi = 

Cognitive-behavioral therapy for insomnia (treatment group); WLC = Wait list control (control 

group). 

 

Figure 13. Mean Multidimensional Fatigue Inventory (MFI) – general fatigue scale scores. CBTi 

= Cognitive-behavioral therapy for insomnia (treatment group); WLC = Wait list control (control 

group). 
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