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Abstract

Objectives—We conducted a pilot study of a sleep health promotion program for college 

students. The aims of the study were to 1) determine the feasibility of the program, and 2) explore 

changes in sleep knowledge and sleep diary parameters.

Design—Open trial of a sleep health promotion program for college students.

Setting—A small liberal arts university in southwestern Pennsylvania

Participants—University students (primarily female).

Intervention—Active intervention components included individualized email feedback based on 

each participant’s baseline sleep diary and an in-person, group format presentation on sleep health.

Measurements—Participants completed online questionnaires and sleep diaries before and after 

the health promotion intervention. Online questionnaires focused on sleep knowledge and attitudes 

toward sleep, as well as Patient Reported Outcomes Measurement Information System (PROMIS) 

sleep and psychosocial assessments.

Results—Of participants who completed some aspect of the study, 89% completed at least one 

intervention component (in-person lecture and/or sleep diary). Participants reported significant 

improvement in sleep knowledge and changes in sleep diary parameters (decreased sleep onset 

latency and time spent in bed, resulting in greater sleep efficiency). Sleep duration also increased 

by 30 minutes among short sleepers who obtained <7 hours sleep at baseline.

Conclusions—Preliminary evaluation of a brief program to promote sleep health suggests that it 

is feasible and acceptable to implement, and that it can favorably alter sleep knowledge and 

behaviors reported on the sleep diary in college students. Controlled trials are warranted.
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Introduction

Sleep and circadian functioning are essential to good health (1), and undergo dramatic 

changes in adolescence and during the transition to college. During adolescence, normative 

biological changes are accompanied by psychosocial and environmental changes, including 

increasing autonomy and reduced parental involvement, growing role of peers, increasing 

academic demands, substance use (including evening intake of alcohol and stimulants such 

as caffeine), and pervasive use of technology (2–5).The combination of biological and 

social/environmental influences leads to delayed sleep times, weekend oversleep, and 

restricted sleep. Bedtimes become further delayed in first year college students as compared 

to high school seniors (6).

Disturbed and insufficient sleep is prevalent among college students. In one report, college 

students reported obtaining an average of 7 hours of sleep across the week (6), which is at 

the lowest end of the 7 or greater hours recommended for young adults (7;8), and 25% 

obtained less than 6.5 hours of sleep per night (6). Only 34% of students reported good sleep 

quality (i.e., <5 on the Pittsburgh Sleep Quality Index (9)) and 25% reported significant 

levels of daytime sleepiness (6). In another sample of undergraduates, three-quarters 

endorsed daytime sleepiness and nearly half reported fatigue, motivation problems, and 

concentration or memory difficulties (10). In addition, insufficient sleep and sleep disorders 

among college students have been associated with important functional and health 

consequences (5), including lower grades (11–13), falling asleep while driving (14), lower 

mood, and more depressive symptoms (15;16).

Fortunately, increasing total sleep time among college students is associated with reduced 

sleepiness and fatigue, and improved attention, reaction time, mood, and measures of 

athletic performance (17;18). Thus, recent efforts have concentrated on developing and 

testing sleep-health promotion programs for this population, many of which have focused on 

sleep education. Broad-based sleep education dissemination approaches have the benefit of 

providing all students a chance to be informed about sleep and its role in learning and 

physical and mental health, and, for those with sleep disorders, to gather needed information 

to make appropriate referrals (19).

Recently developed programs aiming to improve sleep health among college students have 

shown preliminary success in altering sleep knowledge and sleep habits. Various formats 

include psychology courses supplemented with sleep-specific instruction; an email-based 

self-help sleep health promotion program; and a sleep education program delivered via 

classroom lecture, web-based self-learning, and interactive classroom discussion (20–23). 

While relatively little work in this area has been conducted in college student samples, much 

more work has examined the impact of sleep education programs among younger 

adolescents (24–30). Participation in nearly all of these sleep education programs has been 

associated with an increase in knowledge about sleep, but changes in sleep parameters as a 

result of the program have been less consistent. Research has suggested that individualized 
feedback may be effective in promoting health behavior change (such as reducing substance 

use) because it makes explicit each individual’s behavior and acts as a source of social 

comparison to motivate reevaluation of the behavior (31–33). Moreover, a unique meta-
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analysis has shown that tailored health behavior change interventions are effective in 

stimulating health behavior change (34). Recording sleep habits via daily diary and offering 

individualized feedback may improve sleep habits because of the enhanced awareness of 

sleep patterns when compared to other similar individuals. To our knowledge, however, no 

existing sleep programs have provided individualized feedback to participants based on their 

self-reported sleep patterns. There have, however, been calls for improving the effectiveness 

of sleep health promotion programs by including individual tailoring of feedback, use of 

techniques to increase motivation to change, and program delivery via the internet (35).

We conducted a pilot study of a sleep health promotion program for college students. The 

program consisted of two core components that we hypothesized would lead to improved 

sleep health behaviors: (1) packaging current research evidence on a health issue that is 

relevant and meaningful to the population of interest (delivered via an in-person presentation 

on sleep health), and (2) tailoring feedback for each participant on his or her actual sleep 

patterns as reported on the sleep diary to increase participants’ knowledge about their 

specific sleep behaviors (delivered via individualized email feedback based on sleep diary 

records). Drawing on Theory of Planned Behavior and Social Cognitive Theory (36–38), the 

intervention provided opportunities for college students to increase their self-efficacy related 

to sleep health and to shift their perceived control over sleep-related behaviors, as well as 

calibrate themselves against their peers. Because the factors that affect sleep are likely to be 

unique to each individual, we presented information on a range of factors regarding the 

importance of sleep and the consequences of insufficient sleep that we believed to be 

relevant to this population. Similarly, we used technology (35) to feasibly deliver 

personalized information regarding their actual sleep patterns as reported on the sleep diary, 

as well as to provide the opportunity to compare one’s own behavior to similar individuals 

(e.g., knowing that one’s peers obtain more sleep at night may motivate modification of 

sleep behavior). The aims of the study were to 1) determine the feasibility of the program 

and to 2) examine changes in sleep knowledge and sleep diary parameters.

Methods

Overall Design and Participants

In this pilot sleep health promotion project, we provided a didactic presentation to 

disseminate the latest research on sleep health to college students, with personalized 

feedback to participants regarding their own sleep based on a daily sleep diary completed for 

the week prior to the didactic presentation. Pre-post assessments evaluated sleep knowledge, 

sleep diary outcomes, and changes in psychosocial function that were associated with 

completion of the program. A total of 110 participants completed at least one aspect of this 

study, with completion rates described below.

Students attending a small liberal arts university in southwestern Pennsylvania were 

recruited for this pilot study during the Spring 2014 semester. They were recruited over a 

two week period via advertising the study through the student Health Services Center, 

Resident Assistants, on-campus recruitment by study staff members in high student traffic 

areas (i.e., near the dining hall), and word of mouth. The sample was nearly entirely female 

(96.4%), reflecting the gender composition of this formerly all-women’s University. Any 
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student enrolled at the University and who was at least 18 years old was eligible to 

participate. While the majority of participants (n=108, 98.2%) were full-time undergraduates 

between the ages of 18–22, the upper age range was 50.5 years, and the sample included a 

small proportion of part-time undergraduate students (n=2, 1.8%). See Supplemental Table 1 

(S1) for further participant characteristics.

Procedures

The study consisted of two main components over a one-month span in the spring semester

—a sleep diary and a sleep health presentation—as well as psychosocial assessments 

completed at baseline and after completion of the second sleep diary.

During a two-week recruitment period, interested students were directed to a study website, 

where the study was explained in detail and electronic informed consent was obtained. 

During Week 1 of the actual study, consented participants were invited to complete a 

demographic survey and other baseline questionnaires.

During Week 2, participants completed an on-line daily sleep diary. Each evening and 

morning for one week, participants answered questions related to sleep timing, sleep 

continuity, the occurrence of naps, and the number of text messages received and read before 

sleep. Daily reminders to complete the diary were sent via email.

During the first half of Week 3, participants attended an hour-long presentation on sleep 

health, which was followed by discussion and questions. The presentation was offered in a 

large group format on four separate occasions during the first half of this week, and it was 

given by one of the study investigators (P.L. Franzen). Besides conceptualizing sleep health 

and providing recommendations to improve sleep health (see Table 1), the presentation was 

intended to provide evidence for the role of sleep in promoting health from experimental and 

epidemiological studies. Some of this content was specifically selected to be relevant to 

college students (e.g., impact of sleep on academic performance, weight, and social 

interactions) to target motivation to change sleep behaviors.

Individualized feedback was provided to each participant via email within one day of 

attending the lecture, and contained a summary of each participant’s sleep diary data 

collected over the baseline week. The email contained a graphical display (Figure 1) of daily 

total time spent in bed and spent asleep, as well as sleep efficiency (the ratio of total sleep 

time to total time in bed), and also included weekday and weekend averages of these 

variables for each participant. All participants also received several paragraphs of text 

outlining best sleep practices that followed the RU SATED framework (1) and reinforced the 

material covered in the in-person presentation on sleep health (e.g., that most people feel 

best sleeping between 7 and 9 hours each night, while also achieving a sleep efficiency > 

90%; the importance of consistency of sleep schedules, especially wake up time, and 

avoiding long oversleep on weekends). To help participants compare their sleep to others, we 

provided histograms of individuals’ average sleep duration and sleep efficiency from 18 to 

25 year olds who participated in other sleep research studies at the University of Pittsburgh 

who had at least 7 days of sleep diary data.
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Beginning on Thursday of Week 3, participants had a short break from school through the 

following Monday (Easter Break, a span of 5 calendar days). Beginning Monday evening, 

participants completed another week-long sleep diary (i.e., the Tuesday morning diary 

reflected night before, which was the first night of sleep since returning after break and the 

first night of our post-intervention sleep diary). Classes resumed Tuesday morning. After 

completing this second week-long diary, participants then repeated the online questionnaire 

battery and program evaluation questions, which assessed the first full week after the Easter 

Break. Completion of the online questionnaire battery occurred during the penultimate week 

before end-of-the-semester finals. At this point, no further data was collected from 

participants. We did, however, have two further contacts via email with participants after this 

period. One email included graphical feedback on their sleep diary, with separate graphs 

depicting the participant’s pre- and post-intervention sleep diaries (as detailed above), as 

well as the total sleep time and sleep efficiency histograms from the study population to 

enable them to compare themselves to peers who were also in the study; accompanying text 

reiterated the principles regarding healthy sleep (as described above). A final email was then 

sent to participants that included a report of their baseline Patient Reported Outcomes 

Measurement Information System (PROMIS) scores for various sleep and psychosocial 

assessments (generated via Assessment Center). The report consists of the participant’s 

standard score on each domain along with how that compares to the general population, 

individuals in the same age range, and individuals of the same gender, along with a graph of 

the participants’ standardized scores (see (39) for an example of this report). The email also 

included phone numbers to call if they had any questions or concerns and the reports or the 

study, and also included referral information if they had concerns about any symptoms they 

may be experiencing.

Participants were compensated up to $50 for completing the entire study ($10 for each: 

baseline questionnaires, baseline sleep diary, attending the presentation, post-intervention 

questionnaires, and follow-up sleep diary). Compensation for the sleep diaries required 

completing at least 75% of the morning and evening entries. An additional $50 and $100 gift 

cards were raffled off to each group who attended one of the in-person sleep health 

presentations.

All study procedures received Institutional Review Board approval.

Measures

Feasibility was measured by enrollment and completion rates. Our initial goal was to enroll 

at least 80 participants, which was exceeded. We expected that at least 80% of the enrolled 

participants would complete at least one intervention component (attend lecture and/or 

complete sleep diary).

Participants completed the following self-report measures via a secured online assessment 

website.

A brief demographic survey included age, sex, race, marital status, education level, GPA, 

Quality Point Average (QPA), income, height, weight, student status, and employment 

status.
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The 20-item Sleep Beliefs Scale (SBS) assessed sleep knowledge by asking participants to 

rate whether specific behaviors have a positive, negative, or neutral effect on sleep (40). 

Each answer records the participant’s belief about the effect of each behavior on sleep in 
general (rather than the participant’s specific experience). For example, one question asks 

about the effect of drinking coffee after dinner on sleep, asking participants whether this 

behavior has a positive, negative, or neutral effect. Participants answer each item correctly if 

they choose a negative effect for all but 4 items, which have a positive effect. This scale was 

highly relevant to the didactic material presented in the lecture. Selected items of the Sleep 

Practices and Attitudes Questionnaire (SPAQ; 41) were used to measure attitudes and beliefs 

about sleep (see Appendix A), and included items focused on: (1) importance of sleep in 

various age groups; (2) importance of sleep to overall health; and (3) sleep-related 

knowledge. The importance of sleep to various age groups and the importance of sleep to 

health subscales both have ranges of 1–4, with lower scores indicate greater importance. The 

sleep knowledge subscale has a range of 1–5, with lower scores indicating greater sleep-

related knowledge. Because participants completed a subset of items from the original 

version of the SPAQ, we conducted reliability analyses to examine the internal consistency 

of the items in each of these three domains at both pre- and post-lecture (Cronbach’s alpha 

between 0.67–0.87).

A web-based version of the Pittsburgh Sleep Diary (42) consisted of items completed in the 

evening and in the morning pertaining to daytime and nighttime sleep behaviors.

Patient Reported Outcomes Measurement Information System (PROMIS) scales included 

sleep disturbance, sleep-related impairments, fatigue, anxiety, depression, anger, emotional 

support, social isolation, satisfaction in social roles, and satisfaction in discretionary social 

activities, using a 7 day recall period. The Computerized Adaptive Testing (CAT) format 

uses individual responses to guide selection of subsequent questions, until the individual’s 

score can be estimated with a specified level of precision (43;44). CAT requires fewer 

overall questions to determine an individual’s score on a given scale. Raw scores on these 

measures are standardized into T-scores, with a mean of 50 and standard deviation of 10 on 

each measure, with higher numbers reflecting higher amounts of the scale. Previous work 

has described the development and psychometric testing of each PROMIS measure we 

utilized among individuals age 18 and older (45–50). CAT PROMIS assessments were 

completed on-line via the Assessment Center (https://www.assessmentcenter.net/).

Following all program activities, participants evaluated the program using a 10-item 

questionnaire (see Table 2), with items rated from 1 (strongly disagree) to 5 (strongly agree). 

We also collected anonymous feedback from participants attending the lecture on their 

satisfaction with the presentation on sleep health using a 5-item questionnaire (see Table 2), 

using the same 5-point Likert scale.

Data Analysis

Among participants who completed the active intervention components (baseline sleep diary 

and attending the lecture), we examined baseline to post-intervention changes in sleep 

knowledge (i.e. their knowledge of the importance of sleep health and the consequences of 

insufficient sleep) and sleep diary parameters using paired t-tests and Wilcoxon Signed Rank 
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tests (for variables that remained skewed after attempting transformation to achieve a normal 

distribution). We conducted exploratory analyses to determine whether participating in the 

active intervention components was associated with changes in PROMIS scores, and 

correlated changes in sleep parameters that changed significantly with changes in PROMIS 

scores. We calculated Cohen’s d values for each significant analysis to determine the size of 

the effect. Due to expert consensus that adults should have more than 7 hours of sleep (7;8), 

and because individuals already obtaining a healthy amount of sleep would not be expected 

to increase their sleep at follow up, we also examined how participation in the program 

impacted the short sleepers (i.e., <7 hours of total sleep time at baseline).

Results

Feasibility

Participants were encouraged to participate in all parts of the study; however, some were 

skipped by some participants (the number of participants completing each section of the 

program is listed in Table 3). Eighty-eight (80%) of 110 attended the sleep health lecture. 

Ninety-eight of the 110 (89%) completed at least one active intervention component, and 77 

(70%) participated in both active intervention components.

Comparison of Lecture Attenders and Non-Attenders

A total of 117 eligible participants provided online consent for the study; seven did not 

participate further, 110 completed some aspect of the study, and 88 attended the sleep 

lecture. Because participants who attended the lecture may represent a biased sample, we 

conducted analyses comparing those who did (n=88) and did not (n=22) attend on 

demographic characteristics, sleep knowledge and patterns, and functional outcomes. The 

groups differed significantly on GPA, QPA, and SPAQ rating of the importance of sleep to 

each age group (see Table S1). Participants attending the lecture reported significantly 

higher GPA and QPA scores than those who did not attend the lecture. Those who attended 

the lecture had significantly lower scores on the SPAQ subscale, indicating they believed 

sleep was more important to each age group than those who did not attend.

Change from Pre- to Post-Intervention among Intervention Completers

The following analyses reflect changes among participants who completed the active 

intervention components.

Sleep knowledge. Participants who completed the SBS at baseline and post-lecture (n=62) 

demonstrated a significant increase in correct beliefs about sleep (Wilcoxon Signed Rank 

Test p=0.001; see Table 3). We re-ran our analyses after include only those scoring below 

the median baseline score (n=31). These participants also showed a significant improvement 

from pre- to post-intervention (change of 2.48 points, p=0.001).Those who completed the 

SPAQ at baseline and post-lecture (n=68) demonstrated significantly more accurate sleep-

related beliefs at post-lecture as compared to baseline (t=9.05, p<0.001; Table 3). Scores on 

the other SPAQ subscales did not change significantly.
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Sleep diary parameters. Significant changes were seen among several sleep diary parameters 

post-lecture as compared to baseline (n=77; see Table 3), including delayed bed time 

(Wilcoxon Signed Rank Test p<0.001), reduced time to fall asleep (Wilcoxon Signed Rank 

Test p<0.001), reduced time in bed (t=2.35, p=0.021), and increased sleep efficiency 

(Wilcoxon Signed Rank Test p<0.001). Additionally, the number of incoming text messages 

received and read after lights out significantly decreased from baseline to post-lecture, with 

received messages decreasing by an average of 0.95 messages (Wilcoxon Signed Rank Test 

p<0.001), and read messages decreasing by an average of 0.65 messages (Wilcoxon Signed 

Rank Test p<0.001; see Table 3). Effect sizes for these significant changes are shown in 

Table 3. We re-ran our analyses utilizing only the 5 weekdays from the sleep diary. When 

testing for changes in sleep diary parameters from pre- to post-intervention among those 

who completed all intervention components, we replicated our original findings of 

significant changes in bed time, time to fall asleep, time in bed, and sleep efficiency. We also 

found that wake time after sleep onset also significantly changed (all p<0.05).

Among the 27 short sleepers (< 7 hours at baseline) who completed both active intervention 

components, total sleep time increased by an average of 30.2 minutes (t=−2.98, p=0.01; 

Cohen’s d=0.60) and time to fall asleep decreased by 10.5 minutes on average (Wilcoxon 

Signed Rank Test p=0.01; Cohen’s d=0.47) post-intervention. Sleep efficiency increased by 

an average of 3% (Wilcoxon Signed Rank Test p=0.01; Cohen’s d=0.39), the average 

number of text messages received decreased significantly (Wilcoxon Signed Rank Test 

p=0.01; Cohen’s d=0.35; decrease of 0.85 messages received) and the number of text 

messages read decreased significantly (Wilcoxon Signed Rank Test p=0.04; Cohen’s 

d=0.30; decrease of 0.65 messages read). We re-ran our analyses in participants who slept < 

7 hours when including only the 5 weekdays from the sleep diary (now n=37), which 

replicated our findings of significant changes in total sleep time, time to fall asleep, and 

sleep efficiency (all p<0.05). Additionally, we found that wake time after sleep onset also 

significantly reduced (p<0.05).

Because greater lifestyle regularity is associated with fewer sleep problems (51), examining 

day-to-day variability in sleep diary parameters may provide another index of sleep health. 

Wilcoxon signed rank tests showed that the day-to-day variability (standard deviation) was 

significantly reduced (all p<0.001) from baseline to post-lecture for sleep onset latency 

(20.85 to 11.35 minutes; Cohen’s d=0.46), sleep efficiency (7.56% to 4.77%; Cohen’s 

d=0.43), texts received (2.19 to 1.30 texts; Cohen’s d=0.51), and texts read (1.47 to 0.59 

texts; Cohen’s d=0.57).

Psychosocial functioning. Among the intervention completers who also completed the 

PROMIS measures at both baseline and post-lecture (n=62), participants reported significant 

improvements in sleep disturbance (t=4.22, p<0.0001), depression (t=2.03, p=0.047), and 

social isolation (t=2.35, p=0.02; see Table 3 for effect sizes). Sleep disturbance scores 

demonstrated the greatest improvement of 3.25 points on average, roughly one-third of one 

standard deviation on this scale. Scores on the anxiety scale improved by 1.66 points 

(t=2.00, p=0.05), falling just below conventional levels of statistical significance.
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We correlated pre-post measures of sleep variables that showed significant improvement 

from pre- to post-intervention with all psychosocial functioning scales to determine whether 

significant changes in sleep were associated with changes in psychosocial functioning. We 

found that a decrease in sleep onset latency (r=0.29, p=0.02) and a decrease in time in bed 

(r=0.34, p=0.01) were associated with a decrease in social isolation. We also found that 

improved sleep efficiency was associated with an increase in emotional support (r=0.33, 

p=0.01) and a decrease in social isolation (r=−0.26, p=0.04).

Participant Satisfaction

Participants were highly satisfied with the program. Program evaluation and sleep health 

lecture ratings (see Table 2) ranged from 3.07–4.33 (out of a maximum of 5), with 10 of the 

15 items rated at 4.0 or higher. These scores indicate relatively high level of program 

acceptability in this college population.

Discussion

We found that it is feasible and acceptable to implement this sleep health promotion 

program, which consisted of disseminating the latest research on sleep health to college 

students via an in-person lecture and personalized feedback on participants’ sleep diary data; 

a total of 80% of enrolled participants attended the in-person lecture and 70% completed all 

active intervention components. In this open-label trial, we also found improvements in both 

knowledge about sleep as well as sleep diary parameters including sleep efficiency, and in 

the shortest sleepers, total sleep time. Specifically, among participants who completed all 

active intervention components, we observed significantly improved sleep knowledge as 

well as delayed time getting into bed, reduced time it takes to fall asleep, reduced time in 

bed, and increased sleep efficiency at the conclusion of the study. While the intervention did 

not focus on sleep restriction as an intervention, it did emphasize limiting ‘sleep stealers’ in 

the bed (similar to stimulus control (52)). Thus, the reduced time in bed may have been the 

result of reducing time in bed doing activities like reading and watching TV, although this 

was not specifically assessed. Similarly, the fact that participants delayed their time of 

getting into bed by 15 minutes may be related to our instructions to engage in fewer sleep-

incompatible behaviors in bed. Variability in sleep onset latency and sleep efficiency also 

decreased, suggesting increased day-to-day regularity in some aspects of sleep. While we 

did not observe increases in sleep duration among the entire sample, we saw sleep duration 

improvements in the short sleepers, the portion of the sample most in need of additional 

sleep. Finally, we also observed improvements in the PROMIS measures of depression and 

social isolation. Short sleep duration and sleep disturbances have been repeatedly shown to 

heighten risk for depression, and sleep complaints are nearly universal in individuals with 

mood disorders (53–55). Thus, improving sleep in college students may also have a positive 

influence on depression symptoms and other psychosocial outcomes. Overall, the changes in 

knowledge and behaviors related to sleep suggest that this tailored approach for conveying 

the relevance of sleep-health to college students is promising. While the sizes of most of 

these effects were small to medium, we observed large effects for improvement in SPAQ 

sleep knowledge among the entire sample (Cohen’s d=1.18) and improvement in sleep 

duration among the shortest sleepers (Cohen’s d=0.60), suggesting that our intervention had 
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large impacts on these particular areas. Moreover, we found preliminary evidence that 

significant changes in sleep are associated with subsequent changes in perceived emotional 

support and social isolation.

Knowledge-based interventions have the advantage of being scalable, accessible, and cost-

effective, which is particularly well-suited for college students (19). In addition to providing 

psychoeducation pertaining to sleep, to our knowledge, our program is the first sleep health 

program for college students to provide tailored feedback to each individual. Because the 

combination of factors that influence sleep practices is unique to each individual, tailored 

health promotion programs are advantageous because they pay attention to inter-individual 

differences, as well as differences in desired sleep outcomes (35). Our feedback was 

relatively simple, but could be further tailored by making more specific recommendations 

based on an individual’s data. Personalized feedback interventions (PFIs) have been shown 

to be effective for improving other health behaviors among college samples, such as alcohol 

use. One recent review (56) found that PFIs are effective at reducing short-term alcohol 

consumption and that incorporating personally-relevant information about the consequences 

of drinking may be one way to enhance short-term effectiveness. Our efforts to tailor 

feedback to each participant are consistent with this strategy.

Results from this study are also consistent with previous findings on sleep among college 

students. At baseline, average sleep duration in our sample was 7:08 hours of sleep across 

the week, similar to a recent report of 7:01 hours of sleep across the week (6), and similar to 

the 7:10 hours reported in a sample of young adults from the United States.(57) In our 

sample, 21.4% reported less than 6.5 hours of sleep on average, similar to the 25% of 

another college sample who reported less than 6.5 hours of sleep per night (6), and the 21% 

of a young adult sample from 24 countries who slept less than 7 hours (6% at <6 hours, 15% 

6–7 hours) (57). Our findings are also consistent with those of previous sleep education 

program trials among college students, which showed improvements in sleep knowledge and 

aspects of sleep habits (20;21). Those studies specifically demonstrated improvements in 

sleep knowledge, sleep quality, depressive symptoms, and wake time. However, to our 

knowledge, ours is the first to show reduced sleep onset latency and total time spent in bed, 

and to demonstrate correlations among changes in sleep parameters and changes in 

psychosocial outcomes of interest. Sleep efficiency was also found to increase, though this is 

not surprising given that sleep efficiency is determined by some of the sleep variables that 

showed improvement.

As an exploratory, open trial, we primarily aimed to assess the feasibility of implementing 

and evaluating a tailored sleep health promotion program to college students. We met our 

completion goal of 80% of participants completing at least one intervention component. 

However, as an exploratory, open trial, our findings are limited due to lack of a control 

group. We therefore cannot say that improvements in any of our outcomes were due to our 

program, as opposed to a re-testing or expectation effect. It will be particularly important for 

future work to include a control group since the control groups of some previous randomized 

controlled trials of sleep education programs have demonstrated improvements in sleep 

knowledge and quality (20;21;28). Also, tracking sleep with a sleep diary may itself 

constitute an intervention on its own, perhaps because monitoring leads to changes in the 
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perception of a sleep complaint(58), or because patients obtain insight by linking sleep 

habits with sleep quality and quantity, particularly among individuals with insomnia (59). 

Additionally, it is possible that the changes in sleep patterns, particularly among the shortest 

sleepers, may be explained by a ‘regression to the mean’ effect. In this case, short sleepers 

may have been sleeping less than usual before the intervention, and the improvement in their 

sleep may be due to ‘catching up’ on sleep. However, our findings do provide promising 

preliminary evidence that promoting sleep health in college students is possible, and may be 

associated with improvements in sleep and other aspects of functioning. Subsequent 

evaluation including a control group is needed to test this approach.

Limitations

We were unable to follow participants longitudinally to determine whether any changes in 

sleep were stable or changed over time (e.g., 3 or 6 months later). Future work should 

include a follow-up assessment to determine the longer-term impact of our program. 

Additionally, the specific timing of our intervention in relation to the students’ semester 

schedule may constitute a limitation. The active parts of the program occurred prior to a 

brief school holiday, while the post-intervention sleep diary assessment began after this 

break and the other questionnaires completed one week later, which was the penultimate 

week before end-of-the-semester finals. On the one hand, individuals may have returned 

rested (or not) from the break, and were also heading into the end of the semester. It’s 

plausible that both of these environmental factors could have impacted student’s sleep. 

Actigraphy, a measure of rest-activity rhythms that is used as a proxy for sleep, could 

provide objective data on sleep parameters, although the expense and data cleaning 

procedures involved may limit the feasibility of using actigraphy in sleep-health 

dissemination programs in larger samples. Several recent studies, however, have 

demonstrated that it is possible to utilize this type of equipment to collect data in large 

samples (60;61). Nevertheless, strategies using personal consumer electronics, such as 

online sleep coaches, fitness trackers, and/or web-based lectures, may further increase 

feasibility in collecting data and providing tailored feedback to participants.

It is possible that our emphasis on increasing motivation to change behavior by enhancing 

program relevance, providing tailored feedback, and enabling comparison to other similar 

individuals contributed to the changes in sleep as a result of improvements in sleep 

knowledge. However, we were not able to determine which component(s) of our program 

may have contributed to improvements in sleep-related knowledge and sleep diary 

parameters; doing so could lead to a simpler, more efficient intervention. Participants were 

reimbursed up to $50 for their participation, which may have had an effect on their 

motivation to complete the study program. Thus, while participants generally appeared to be 

satisfied with the program, we do not know to what extent participant study reimbursements 

contributed to interest and participation rates. Last, our study included primarily females as 

this reflected the gender composition of the University from which participants were 

recruited. Because college-aged women tend to have poorer sleep continuity, poorer sleep 

quality, and decreased total sleep time than men (62;63), we do not know how these findings 

would generalize to men. Replicating these findings with a control group, and also with a 

more balanced group of males and female college students are important next steps.

Levenson et al. Page 11

Sleep Health. Author manuscript; available in PMC 2017 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusion

This study demonstrates that it is feasible and acceptable to disseminate information on 

sleep health to college students via individually tailored reports of sleep diary data and 

attending an in-person, hour-long presentation on sleep health. Our program was associated 

with significant changes in sleep-related knowledge and several diary-based sleep outcomes. 

Students most in need of improvements in their sleep health in terms of obtaining sufficient 

sleep reported longer sleep durations after participating in the program, suggesting that such 

a program can be targeted to those individuals in greatest need for this information. Future 

work should aim to test the efficacy of this program in a fully-powered randomized clinical 

trial, and to determine the most effective, scalable approach to disseminating relevant sleep 

health information.
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Appendix A

Selected items of the Sleep Practices and Attitudes Questionnaire(41) with associated 

domains.

Importance of Sleep by Age

How important is getting healthy sleep for… (Rated from 1, Very Important to 4, Not 

Important) Children growing up?

Adults?

Older adults/seniors?

Importance of Sleep to Overall Health

How much do you agree/disagree with the following statements? (Rated from 1, Strongly 

Agree to 5, Strongly Disagree)

I care about making sure that I have enough time to sleep

Getting enough sleep is important for me to be able to enjoy the day

My sleep is important to my health
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Sleep-Related Knowledge

How much do you agree/disagree with the following statements? (Rated from 1, Strongly 

Agree to 5, Strongly Disagree)

Not enough sleep can lead to serious consequences

Dozing while driving a vehicle is serious

Lying in bed with your eyes shut is as good as sleeping

Opening the car window is a good way to wake me up if I am drowsy while driving

Turning up the volume of the radio or music is a good way to wake me up if I am drowsy 

while driving

If I don’t get enough sleep, it can cause me to: (Rated from 1, Strongly Agree to 5, Strongly 

Disagree)

Feel sleepy during the day

Fall asleep while driving

Gain weight

Develop heart disease

Raise cholesterol

Develop hypertension (high blood pressure)

Be more moody

Have less energy

Have a lower sex drive

Miss more days of work or school

Perform worse at work or school

Have problems remembering things or concentrating

Develop diabetes

Feel tired
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Figure 1. 
An example of the graphical display of weekly individualized sleep diary feedback reports 

that were emailed to participants during the week they attended the sleep health lecture, as 

well as at the end of their participation in the study. The graphs depicted a participant’s 

reported daily hours spent in bed, time spent asleep, and sleep efficiency (% provided on the 

bottom of the bars), as well as averages of these variables on weekdays (WD) and weekends 

(WE).
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Table 1

Components reviewed in the in-person sleep education presentation on sleep health.

Presentation Components

• Description of ‘what is sleep’, ‘what controls sleep’, and what is ‘sleep health’

◦ Normative epidemiological data on sleep need

◦ Description of the two-process model (46) of sleep, describing the factors that control sleep (homeostatic 
sleep drive and circadian rhythms)

◦ Factors that interfere with sleep health (i.e., habits and demands; stress; physical and mental health 
disorders; sleep disorders); the impact of caffeine and alcohol on sleep.

• Evidence regarding the consequences of insufficient sleep from both experimental sleep deprivation studies as well as 
epidemiological evidence

◦ Sleepiness; car accident risks (and interaction of sleep deprivation and alcohol); impact on brain function 
and consequences for attention, memory, and learning; association between sleep and academic 
performance; emotional consequences (mood; social interactions; depression; attractiveness); health 
consequences (weight and obesity, blood pressure, glucose control, and immune function).

• Recommendations for improving sleep

◦ This section followed the conceptual framework of Buysse(1) regarding sleep health (i.e., RU SATED, an 
acronym for Regularity, Satisfaction [with sleep quality], Alertness, Timing, Efficiency, and Duration)

◦ Other aspects discussed included making sleep a priority; keeping “sleep stealers” out of the bedroom, 
such as worries and cell phones; establishing consistent sleep schedules even on weekends (i.e., limiting 
weekend oversleep to at most 1 hour; bright light in the morning); naps (when to have them and how long 
should they occur); limiting caffeine after 6:00 pm and alcohol close to bedtime).
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Table 2

Evaluation of participant satisfaction with the program and the sleep health lecture, by items rated on a 5-point 

Likert Scale (1=strongly disagree to 5=strongly agree).

Program Satisfaction Evaluation Item Mean (S.D.)
n=88

I was satisfied overall with the program 4.06 (0.67)

I would recommend participating in this program to a friend 4.33 (0.72)

The program has helped me to improve my sleep health 3.16 (0.81)

The program has helped me to improve my overall health 3.02 (0.80)

The online sleep diary was easy to use 4.08 (0.93)

The online diary was user-friendly 4.15 (0.84)

The report about my sleep patterns was useful 3.74 (0.97)

The presentation on sleep was informative 4.16 (0.84)

The presentation on sleep was relevant to my life 4.06 (0.88)

The study web site was easy to use 4.23 (0.85)

Lecture Satisfaction Evaluation Item n=87

I enjoyed the educational session 3.90 (0.76)

I am likely to make some changes around sleep based on this presentation 3.83 (0.90)

The presentation speaker was interesting 4.21 (0.82)

The presentation content was useful 4.33 (0.69)
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Table 3

Sleep diary values and self-reported sleep questionnaires at pre- and post-lecture among participants who 

completed all intervention components.

Variable Mean Baseline
(S.D.)

Mean Post-
Intervention

(S.D.)

Wilcoxon Signed Rank Test p-
value or paired samples t-test‡

Cohen’s d
effect size

Sleep Knowledge (n=68)

Sleep Beliefs Scalea 13.06 (3.37) 14.53 (3.00) p<0.01 0.05

SPAQ Importance of

sleep by ageb
1.22 (0.36) 1.14 (0.33) p=0.16

SPAQ Importance of sleep

to healthb
1.89 (0.77) 1.81 (0.68) p=0.40

SPAQ Sleep knowledgec 2.25 (0.40) 1.74 (0.46) t=9.05, p<0.001 1.18

Sleep Diary (n=77)

In bed time 12:07AM
(1:06h)

12:22AM
(1:11h)

p=0.01 0.22

Lights out time 12:53AM
(1:09h)

12:56AM
(1:16h)

t=−0.55, p=0.59

Sleep onset latency (mins) 23.16 (19.82) 14.96 (12.14) p<0.0001 0.50

Wake after sleep onset
(mins)

10.67 (11.53) 9.62 (13.83) p=0.13

Wake up time 8:40AM
(1:05h)

8:37AM
(1:01h)

p=0.47

Out of bed time 8:59AM (1:08h) 8:44AM
(1:05h)

t=0.28, p=0.78

Time in bed (hrs) 8:52h (1:02h) 8:38h (1:04h) t=2.35, p=0.02 0.23

Total sleep time (hrs) 7:12h (00:56h) 7:17h
(00:57h)

t=−0.925, p=0.36

Sleep efficiency (%) 92.34 (5.98) 94.45 (5.40) p<0.0001 0.37

Texts received 1.91 (2.04) 0.96 (1.69) p<0.0001 0.51

Texts read 1.05 (1.72) 0.39 (1.17) p<0.0001 0.45

PROMIS Scalesd (n=62)

Fatiguee 56.24 (8.39) 55.21 (10.00) p=0.41

Sleep Disturbance 54.44 (9.18) 51.13 (9.12) t=4.22, p<0.0001 0.36

Sleep-Related Impairment 59.98 (8.57) 58.51 (10.13) t=1.69, p=0.10

Anxiety 58.75 (8.63) 57.09 (8.43) t=2.00, p=0.05

Depression 55.35 (9.22) 53.62 (8.92) t=2.03, p=0.047 0.19

Anger 56.32 (9.77) 54.46 (9.98) t=1.73, p=0.09

Satisfaction in

Discretionary Activitiese
48.92 (7.04) 50.18 (8.05) p=0.35

Satisfaction in Social
Roles

47.20 (6.69) 48.73 (8.16) t=−1.74,p=0.09

Emotional Support 52.03 (8.32) 53.05 (8.60) p=0.34

Social Isolation 49.73 (9.36) 47.43 (10.59) t=2.35, p=0.02 0.23
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a
n=62 lecture only; arange=0–20, higher scores indicate more accurate beliefs;

b
range=1–4, lower scores indicate greater importance;

c
range=1–5, lower scores indicate greater knowledge;

d
range=1–100, higher scores indicate greater level of that scale;

e
n=62;

‡
p-value listed alone indicates that it is associated with Wilcoxon Signed Rank Test
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