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Purpose: Sleep problems pose serious public health concerns, and evidence suggests that 
the problem is worsening. Both sufficient sleep quantity and quality are needed for optimal 
health, particularly among older adults, but access to sleep care can be difficult. This study 
examined the efficacy of a six-week sleep behavior change program designed for older adults 
that was delivered virtually by health educators.
Participants and Methods: This quasi-experimental pilot study (intervention n = 22; 
control n = 31) explored the effects of the Sleep Education for Elders Program (SLEEP) 
on sleep outcomes, which included: 1) sleep quality, measured by the Pittsburgh Sleep 
Quality Index (PSQI); 2) sleep duration, extracted from the PSQI; 3) insomnia symptoms, 
measured by the Insomnia Severity Index; 4) sleep hygiene behaviors, obtained from the 
Sleep Hygiene Index; and 5) excessive daytime sleepiness, measured by the Epworth 
Sleepiness Scale.
Results: After SLEEP, the intervention group experienced significantly improved sleep 
quality (p < 0.001), a reduction in maladaptive sleep hygiene behaviors (p = 0.007), and 
reduced daytime sleepiness (p < 0.027) compared to the control group. Effect sizes for all 
five sleep measures were medium or large. In the intervention group, all changes were judged 
to be clinically meaningful (≥ 0.5 SD) except for improvements in daytime sleepiness.
Conclusion: These data support the efficacy of a group-based, virtual behavior change 
intervention in improving sleep outcomes among older adults.
Keywords: insomnia, sleep hygiene, adult, public health, multidimensional sleep health

Introduction
The purpose of this pilot study was to test the hypothesis that a community-based, 
virtually delivered behavior change program – the SLeep Education for Elders Program 
(SLEEP) – would improve sleep outcomes among community-dwelling older adults 
with self-identified, but not necessarily diagnosed, sleep problems. SLEEP was 
designed to address sleep difficulties, which present a serious global public health 
problem. In developed countries, more than 1 in 3 adults1–4 frequently fail to achieve 
the recommended sleep duration of at least 7 h/night.5 Further, evidence suggests that 
the prevalence of sleep problems has worsened over time.6 Reasons for this change 
result from recent health, social, economic, and technological trends, including a global 
pandemic.6,7 While the effects of the recent pandemic and the related need for social 

Correspondence: Robin M Tucker  
Department of Food Science and Human 
Nutrition, Michigan State University, 2110 
S. Anthony Hall, 474 S. Shaw Ln, East 
Lansing, MI, 48824, USA  
Tel +1-517-353-3408  
Email tucker98@msu.edu

Nature and Science of Sleep 2021:13 625–633                                                                625
© 2021 Tucker et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Nature and Science of Sleep                                                                 Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 27 January 2021
Accepted: 21 April 2021
Published: 19 May 2021

N
at

ur
e 

an
d 

S
ci

en
ce

 o
f S

le
ep

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-6838-0105
http://orcid.org/0000-0002-5486-3587
mailto:tucker98@msu.edu
http://www.dovepress.com/permissions.php
https://www.dovepress.com


distancing have been problematic for everyone, these 
requirements have been particularly deleterious for the qual-
ity of life and health of older adults.8,9 Insufficient and poor- 
quality sleep exacerbate health problems by increasing the 
risk and/or severity of dementia, obesity, type 2 diabetes, 
hypertension, cardiovascular disease, severe psychological 
distress, and mortality.10–14 Moreover, inadequate sleep com-
promises immune response, leaving older adults susceptible 
to infectious diseases.15 In the United States, poor sleep 
quality also nearly tripled the odds of entering skilled nursing 
care,16 and the odds of falling ranged from 1.5–4.5 times 
higher for older adults reporting poor or insufficient 
sleep.17,18 Given the widespread prevalence of and health 
care costs associated with sleep problems, interventions that 
are effective, affordable, and accessible are needed.

Cognitive Behavioral Therapy for Insomnia (CBTi) is 
considered the gold standard for treating insomnia.19,20 

CBTi is a standardized approach to treating insomnia that 
includes sleep education, behavioral recommendations, and 
cognitive therapy to alter thinking patterns that interfere with 
sleep21 and is typically delivered in primary care or out-
patient mental health facilities.22 Unfortunately, the number 
of patients needing care frequently exceeds CBTi-trained 
therapist availability.22,23 Another barrier to care, at least in 
the United States, is the avoidance of treatment due to con-
cerns about costs, time constraints, and accessibility.24 

Further, some individuals might believe that their sleep pro-
blems do not rise to the level of a diagnosable sleep condi-
tion, or some might feel that sleep is not an actionable 
priority; yet, they might still be dissatisfied with their sleep 
duration and quality.25,26 Fortunately, evidence-based sleep 
behavior change training has been shown to be effective in 
addressing sleep problems for many individuals,19,26–31 even 
without all of the components of CBTi.19,26

As telemedicine continues to increase in availability 
and popularity,32 virtual delivery of health education and 
behavior change programming has also increased, but the 
effectiveness of this delivery modality remains largely 
under-characterized.19,33,34 There is evidence to support 
the use of internet-delivered CBTi,22 but less is known 
about the effectiveness of virtual, group-based, non-CBTi 
sleep programming targeted to community-dwelling older 
adults as evidenced by the limited number of published 
studies in this population.35–37 Further work is needed to 
confirm and expand on the potential benefits of virtual 
sleep behavior change interventions for older adults. To 
address these gaps in the literature, the SLEEP program 
was developed and tested.

Materials and Methods
Program Background and Theoretical 
Foundations
SLEEP was developed by sleep researchers, a certified 
sleep medicine specialist, Michigan State University 
(MSU) Extension educators, and older adults living in the 
community. A total of 6, 30-minute sessions were created; 
topics for sleep in order by session included: introduction to 
sleep and health with a focus on recommended duration 
guidelines; sleep hygiene best practices, Stimulus Control 
Therapy, mindfulness and relaxation, relationships between 
sleep and physical activity, and sleep myths.

Each session was led by a facilitator and co-facilitator who 
had received training on the program. Each session, except for 
the first, started with a discussion of successes and barriers 
regarding achieving the previous week’s goal. After experi-
ences were shared, a 3-minute video was shown to the group. 
This video covered the information related to the topic for that 
week and served as a means to ensure that program fidelity is 
maintained. After viewing the video, the facilitator led the 
discussion of the video following a provided script. 
Educational points were emphasized by the facilitator. 
Participants were then asked to develop a goal for the follow-
ing week based on the material covered that week. Participants 
wrote and verbally stated a specific goal they wanted to 
achieve based on the information learned in the program. 
The goals were structured to include what, when, how long, 
and how often the participant would perform the desired action 
in the next week. Examples of goals selected by participants 
included going to bed and getting up at the same time for three 
days in a row, removing technology from the bedroom, or 
using relaxation techniques to help quickly return to sleep after 
waking. Participants were asked to rate their confidence level 
of achieving the goal on a scale from 1 (not at all confident) to 
10 (completely confident). If the participant’s rating was 
below 7, they were asked to brainstorm ways to increase 
their confidence level to a rating of at least 7. The following 
week, participants reported back to the group on how well they 
achieved their goal. Participants could indicate that they fully 
met the goal, partially met the goal, or did not meet the goal. 
Those whose goals were not met were assisted by the group 
and facilitator with problem-solving possible solutions, and 
participants were reminded that not all behaviors or recom-
mendations would pertain to or work for them. Instead, they 
were encouraged to view the 6-week period as an opportunity 
for discovery in order to identify approaches that worked for 
them personally.
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The topics covered in the SLEEP curriculum were 
selected both due to their effectiveness in improving sleep 
outcomes and with consideration about how health educa-
tors who were not sleep experts could effectively deliver the 
information in the short timeframe available. For example, 
basic concepts related to sleep hygiene were shared because 
sleep hygiene practices are recommended to improve sleep 
quality.38 Topics included: going to bed only when tired, 
getting out of bed if unable to fall asleep, maintaining 
consistent bed and wake times, using the bedroom only 
for sleep or sexual activity, avoiding alcohol, avoiding 
blue light, etc. Stimulus Control Therapy (SCT) principles 
were emphasized as SCT has been shown to increase sleep 
duration.27 Relaxation and mindfulness techniques were 
shared to assist with both initially falling asleep as well as 
returning to sleep. Relaxation training is a proven interven-
tion for improving sleep duration and quality.26 The rela-
tionships between exercise and sleep were explained. 
Exercise has been shown to improve sleep quality and 
reduce the time needed to fall asleep.39 Low-intensity exer-
cises, like tai chi40 and yoga,41 have both been shown to be 
effective in aiding sleep in an older adult population. Sleep 
Restriction Therapy (SRT) was considered for inclusion due 
to its inclusion as part of CBTi and its effectiveness as 
a monotherapy in improving select sleep outcomes.37 

However, due to the limited time available to educate on 
the topic, the duration of the program, the lack of persona-
lized interaction, and the concern that participants might 
over-restrict their sleep time, SRT was not included.

Theoretical frameworks for SLEEP included the Health 
Belief Model42 and Social Cognitive Theory.43 These 
approaches shaped which material was covered and how 
the sessions were structured. For example, the consequences 
of poor sleep were explained during the first session while the 
benefits and barriers to changes were discussed by the group 
at each session. Each session involved setting a goal for the 
following week, and beliefs regarding self-efficacy in achiev-
ing the goal were assessed. Participants who had experienced 
success in meeting their goal were able to model positive 
behavior for the rest of the group.

Recruitment
Recruitment was accomplished by inviting individuals who 
self-identified as having sleep problems and had previously 
enrolled in MSU Extension programming to participate. The 
intervention group participants were available during the 
class times; whereas, the control group participants were 
not, making this a quasi-experimental study design as 

randomization did not occur. The control group received no 
intervention between baseline and follow-up. A total of 78 
participants gave consent to participate in the study.

Measures
All participant data were collected online using the Qualtrics 
survey platform (Qualtrics, Provo, UT, USA). Questions 
about participant characteristics were asked in order to 
describe the populations. Sex, age, and race were collected. 
Self-reported height and weight were used to calculate body 
mass index (BMI). Participants were asked if they had 
a diagnosed sleep problem or self-identified insomnia.

Validated surveys were used to assess program effective-
ness on sleep outcomes. The Pittsburgh Sleep Quality Index 
(PSQI) measures perceived sleep quality over the past month, 
and also asks about sleep duration.44 Sleep duration was 
extracted from the PSQI.45–47 Scores range from 0–21, and 
scores ≥5 indicate poor sleep quality. The Insomnia Severity 
Index (ISI) measures perceived nocturnal and diurnal insomnia 
symptoms over the past two weeks.48 Scores range from 0–28. 
Scores of 0–7 suggest no clinically significant insomnia; scores 
8–14 suggest insomnia symptoms of mild to moderate sever-
ity; scores 15–21 indicate moderate insomnia severity; and 
scores 22–28 indicate severe insomnia symptoms with daytime 
impairment.48 The Sleep Hygiene Index (SHI) is comprised of 
13 statements that describe behaviors that are not conducive to 
sleep, like napping more than 2 hours a day or doing important 
work in the bedroom.49 Possible responses include never, 
rarely, sometimes, frequently, or always. Scores range from 
0–52; higher scores suggest poorer sleep hygiene practices. 
The Epworth Sleepiness Scale (ESS) evaluated daytime 
sleepiness.50 Scores range from 0–24. Per the ESS manual, 
scores of 0–5 indicate lower normal daytime sleepiness, scores 
of 6–10 indicate higher normal daytime sleepiness; scores of 
11–12 indicate mild excessive daytime sleepiness; scores of 
13–15 suggest moderate excessive daytime sleepiness; scores 
of 16–24 suggest severe excessive daytime sleepiness.

In addition to the validated surveys, open-ended ques-
tions about program satisfaction and behavior changes 
were asked. These questions were designed to capture 
feedback from participants and to identify the recommen-
dations participants felt were especially effective. 
Participants were also asked if they felt they would be 
able to maintain these changes over the next six months.

Statistical Analysis
Data were analyzed using IBM SPSS Version 26 (IBM 
Corporation, Armonk, New York). Normality was assessed 
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using Shapiro–Wilk tests and pre-post-test results for contin-
uous data were assessed using independent t-tests or Mann– 
Whitney U-tests where appropriate. Chi-square tests for 
homogeneity were used to assess differences in the distribu-
tion of categorical variables between intervention and control 
groups. Significance was set at alpha <0.05. Corrections for 
multiple comparisons were not performed given the explora-
tory nature of the study;51 however, between group effect 
sizes (Cohen’s d) are presented in order to provide context to 
significance testing.52 These effect sizes were calculated 
using G*Power 3.1.53 Given that this was a pilot study, in 
order to avoid inadvertent inflation of effect sizes,54 covari-
ates were not used in any analysis. Clinical relevance was 
assessed using the method put forth by Norman et al55 who 
suggest that a change of at least 0.5 SD represents mean-
ingful and perceptible change to most patients. This analysis 
is presented in the text. Means and standard deviations (SD) 
are presented.

This study was conducted in accordance with the 
Declaration of Helsinki and was approved by the Michigan 
State University Human Research Protection Program 
(STUDY00003748), East Lansing, MI. Participants provided 
informed consent after the primary investigator explained the 
study. Participants were awarded a $10 gift card for complet-
ing both surveys.

Results
Participant Characteristics
Among the intervention group, 24 participants consented, 
and 23 (95.8%) completed testing; however, 1 participant 
only attended 1 class, so those responses were not ana-
lyzed. The total sample size for the intervention group was 
22, and all participants attended at least 2 of the 6 classes. 
Among control group participants, 54 enrolled and 31 
(57.4%) completed testing.

Demographic data are shown in Table 1. The study popu-
lation was predominantly female, White, and obese; there 

were no differences between groups at baseline among these 
factors. The two groups differed in terms of age (P < 0.001), 
with the control group significantly younger than the inter-
vention group, but the number of people suffering from self- 
described sleep problems did not differ between groups. 
Relevant sleep measures did not differ between groups at 
baseline (P > 0.076 for all; Table 2). Comparisons were made 
between participants in the control group who completed 
testing and those who were lost to follow-up. At baseline, 
participants in the control group who completed the follow- 
up survey had worse ISI (13.4 ± 5.2 vs 8.8 ± 4.1, p = 0.001) 
and PSQI scores (10.0 ± 3.4 vs 7.5 ± 2.5, p = 0.004) com-
pared to those lost to follow-up. However, an additional 
baseline comparison between the intervention group and 
the entire control group (completers plus those lost to follow- 
up) also revealed no differences in baseline sleep measures.

Post-Program Comparisons Between 
SLEEP Intervention and Control Groups
Compared to the control group, the SLEEP intervention 
group experienced significant improvements in sleep quality, 
sleep behaviors, and daytime sleepiness (Table 3; P ≤ 0.027 
for all). Between group effect sizes for all sleep measures 
were medium to large (Table 3).

Clinical Relevance of Changes Within the 
SLEEP Intervention Group
Based on the work of Norman et al55 which proposes 
clinical relevance in health-related quality of life outcomes 
occurs when changes meet or exceed one-half of the base-
line standard deviation, clinical relevance was assessed for 
the intervention group (Table 4). All outcomes except 
daytime sleepiness met or exceeded the 0.5 SD criterion. 
For the control group, none of the changes between base-
line and follow-up testing met or exceeded the 0.5 SD cut- 
off (data not shown).

Table 1 Baseline Characteristics by Group

Characteristic Intervention Group 
(n=22)

Control Group 
(n=31)

p-value

Sex 95.5% female 100% female 0.805

Age 67.6 ± 8.1 y 42.7 ± 13.5 y <0.001
Race 81.8% White 80.6% White 0.415

Body Mass Index (BMI)* 32.3 ± 9.2 kg/m2 30.4 ± 9.1 kg/m2 0.533

Individuals with Self-described sleep problems (n)** 10 12 0.778

Notes: Data presented are means ± SD. Bolded P-values indicate significant results. *BMI was calculated from self-reported height and weight. **Reflects the number of 
individuals who indicated chronic conditions related to sleep, eg, insomnia.
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Popular Behavior Changes
The most salient changes in behavior by the intervention 
group involved maintaining a regular sleep schedule and 
using relaxation techniques to fall or return to sleep. These 
changes were mentioned by 72.7% (n=16) of participants. 
When asked how likely they were to maintain sleep- 
related changes over the next 6 months, 95.5% (n=21) 
said they were either extremely likely (54.5%; n=12) or 
moderately likely (40.9%, n=9) to maintain changes. 
Participants were also asked if they would recommend 
the program to friends and family, and 95.5% (n=21) 

answered yes. Feedback from the one participant who 
did not recommend the program centered around disliking 
the discussion-based format.

Qualitative Program Feedback
Examples of open-ended feedback included the following 
comments. “I took the class and was very impressed. 
Many suggestions have been taken to heart and gave me 
thoughtful direction to help my sleep. Thank you.” “I 
enjoyed doing the sleep goal each week … It really helped 
me reflect and think of ways/things to change and 

Table 2 Baseline Sleep Measures by Group

Sleep Measure Intervention Group 
(n=22)

Control Group 
(n=31)

P-value

Sleep quality (PSQI) 9.3 ± 3.2 10.0 ± 3.4 0.451

Sleep duration (h)* 6.3 ± 1.1 6.2 ± 1.1 0.810

Insomnia symptoms (ISI) 13.5 ± 4.5 13.4 ± 5.2 0.980
Sleep behaviors (SHI) 17.3 ± 8.4 21.1 ± 6.8 0.076

Daytime sleepiness (ESS) 6.7 ± 5.7 7.4 ± 3.4 0.144

Notes: Data presented are means ± SD. PSQI (Pittsburgh Sleep Quality Index) measures perceived sleep quality over the past month; higher values indicate worse sleep 
quality. *Sleep duration (h) was extracted from the PSQI. ISI (Insomnia Severity Index) measures perceived insomnia symptoms over the past two weeks. SHI (Sleep Hygiene 
Index) measures the frequency of engaging in behaviors that do not support sleep. ESS (Epworth Sleepiness Scale) measures recent likelihood of excessive daytime 
sleepiness.

Table 3 Follow-Up Sleep Measures by Group

Sleep Measure Intervention Group 
(n=22)

Control Group 
(n=31)

P-value Effect Size 
(Cohen’s d)*

Sleep quality (PSQI) 6.7 ± 3.5 9.4 ± 3.5 0.007 0.77

Sleep duration (h)** 6.9 ± 1.0 6.4 ± 1.2 0.088 0.45
Insomnia symptoms (ISI) 9.9 ± 5.7 12.5 ± 4.8 0.076 0.49

Sleep behaviors (SHI) 13.1 ± 5.3 22.4 ± 7.0 <0.001 1.50

Daytime sleepiness (ESS) 6.0 ± 4.2 8.3 ± 4.4 0.027 0.53

Notes: Data presented are means ± SD. Bolded P-values indicate significant results. PSQI (Pittsburgh Sleep Quality Index) measures perceived sleep quality over the past 
month; higher values indicate worse sleep quality. *Cohen’s d for between group effect sizes. **Sleep duration (h) was extracted from the PSQI. ISI (Insomnia Severity Index) 
measures perceived insomnia symptoms over the past two weeks. SHI (Sleep Hygiene Index) measures the frequency of engaging in behaviors that do not support sleep. ESS 
(Epworth Sleepiness Scale) measures recent likelihood of excessive daytime sleepiness.

Table 4 Clinical Relevance Based on 0.5 SD Difference Criterion for the Intervention Group

Outcome 0.5 SD Pre-Test Mean Difference Between Pre- and 
Post-Test Means*

Clinically Significant? 
(Difference ≥ 0.5 SD?)

Sleep quality (PSQI) 1.6 2.7 Yes

Sleep duration (h)** 0.6 0.6 Yes
Insomnia symptoms (ISI) 2.3 3.6 Yes

Sleep behaviors (SHI) 4.2 4.2 Yes

Daytime sleepiness (ESS) 2.9 0.7 No

Notes: Data presented are means ± SD. PSQI (Pittsburgh Sleep Quality Index) measures perceived sleep quality over the past month; higher values indicate worse sleep 
quality. *Absolute values. **Sleep duration (h) was extracted from the PSQI. ISI (Insomnia Severity Index) measures perceived insomnia symptoms over the past two weeks. 
SHI (Sleep Hygiene Index) measures the frequency of engaging in behaviors that do not support sleep. ESS (Epworth Sleepiness Scale) measures recent likelihood of 
excessive daytime sleepiness.
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improve.” “Just want to thank you for the class, and hope 
you let us all know when the next one will be so we can 
refer friends and relatives.” Participant responses were 
overwhelmingly positive. In terms of suggestions for the 
future, two participants asked for information on diet and 
sleep to be included and two requested follow-up classes 
to check-in on progress.

Discussion
This pilot study sought to determine the effectiveness of 
a community-based, health educator-led, virtually delivered 
sleep education program for older adults. Compared to the 
control group, the intervention group experienced significant 
improvements in sleep quality (lower PSQI scores), sleep 
hygiene-related behaviors (lower SHI scores), and excessive 
daytime sleepiness scores (lower ESS scores). The effect sizes 
for these outcomes, as well as sleep duration and insomnia 
symptoms, ranged from medium to large.56 These results 
suggest that online delivery of behavior-based sleep education 
programming is a promising, cost-effective strategy to 
improve the sleep of community-dwelling older adults.

Effects of SLEEP
The medium to large effect sizes observed in this study 
generally agree with the work of others based on several 
recent meta-analyses19,26,35 and individual reports.37 One 
of these meta-analyses studied the effects of cognitive and 
behavioral interventions on sleep outcomes and reported 
medium to large effect sizes for sleep efficiency and ISI.19 

The second meta-analysis reported medium effect sizes for 
sleep quality based on studies of adults without sleep 
disorders.26 A notable exception in that study was the 
small effect on total sleep time; however, this lack of 
intervention effect on total sleep time has been reported 
elsewhere.22 The final meta-analysis examined the effects 
of digital CBTi interventions and reported an effect size of 
0.392 (Cohen’s d) for improvement in ISI-measured 
insomnia symptoms,35 which is not that different from 
the current study’s ISI effect size of 0.49. In terms of 
individual studies that delivered group-based program-
ming to older adults that was not CBTi, we are aware of 
only one that reported effect sizes,37 and these were also 
medium to large in size. Our findings suggest that SLEEP 
generated medium to large effect sizes, which is consistent 
with the literature. For SLEEP, the largest effect sizes were 
observed for sleep hygiene behaviors and sleep quality.

While statistical significance is important to the 
researcher, clinical relevance, or whether the participant 

can actually perceive a beneficial change resulting from 
treatment, is meaningful to both the researcher and the 
participant. One method of assessing clinical relevance 
for health-related quality of life measures has been put 
forth by Norman et al55 who suggest that a change of at 
least 0.5 SD from baseline scores represents meaningful 
and perceptible change to most patients. Using this guide-
line, sleep quality, sleep duration, insomnia symptoms, and 
sleep hygiene behaviors experienced both beneficial and 
perceptible changes. These perceptible changes are sup-
ported by the participant comments regarding the program.

Participant feedback regarding the course was almost 
uniformly positive and perceived likelihood of maintaining 
changes appeared promising. Suggestions for improvement 
from this pilot group included the addition of a discussion 
about the effects of diet on sleep and the desire for follow- 
up sessions. As a result of this feedback, information about 
diet and sleep has been added to facilitator training, and 
monthly emails reminding participants of the 6 main con-
cepts covered in class have been implemented. These 
monthly “nudges” have been appreciated by a number of 
participants who said they were good reminders to resume 
or maintain their improved sleep hygiene behaviors.

SLEEP Curriculum Design Elements
The goal setting element of SLEEP likely plays an impor-
tant role in the successes observed. Goal setting has been 
shown to be an effective strategy for addressing a variety 
of health concerns, including diabetes,57 physical 
activity,58 and weight management.59 Researchers of goal 
setting suggest that making goals specific and publicly 
sharing them promote goal attainment.60 By setting clearly 
defined personal goals based on the sleep recommenda-
tions taught in class and sharing them with the group, 
participants were able to practice new techniques to suc-
cessfully resolve sleep problems. These successes sup-
ported a sense of self-efficacy, or the belief that an 
individual has the skills and abilities to be successful in 
accomplishing a specific task.61 According to Social 
Cognitive Theory, self-efficacy is an important determi-
nant of behavior change43 and has been shown to be 
a significant factor in engaging in desirable health beha-
viors in a variety of populations.62–64 Greater self-efficacy 
increases the likelihood of goal attainment60 and can be 
cultivated by successfully mastering an activity as well as 
developed through observational learning – watching and 
listening to the experiences of people like oneself to better 
understand what success can look like.43 The group-based 
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instruction style of SLEEP promotes sharing successes and 
brainstorming solutions to barriers. When others in the 
group demonstrate positive behaviors and share what has 
worked for them, these behaviors become normative. 
These norms positively influence behavior.43,65 For these 
reasons, we believe the goal setting component of the 
program is a key part of its success.

While the SLEEP program was developed for older 
adults, we did not restrict participation based on age. 
This is because the literature suggests that treatment 
effects of sleep programming are not related to age19 and 
there are no age-specific recommendations in terms of 
sleep behaviors or education topics.38 While the age of 
participants in the SLEEP intervention group was higher 
than the control group, we do not believe this significantly 
affected the outcome. Future work should investigate 
whether age plays a role in participant success in SLEEP.

The virtual delivery method and use of health educa-
tors within a group setting means that SLEEP can help to 
address the limited number of CBTi therapists available to 
treat sleep problems.22 All training and course materials 
are freely available online. Costs associated with program 
delivery involve facilitator time and access to an online 
video conferencing platform. Worksheets and handouts are 
emailed to clients. The program was developed with 
Michigan State University (MSU) Extension educators, 
but anyone can be trained to deliver SLEEP. The connec-
tion with MSU Extension makes SLEEP highly scalable as 
Cooperative Extension Service educators are available 
throughout the United States.

Strengths and Limitations
Validated tools and the control group strengthen the con-
fidence in study findings. However, while validated tools 
were used to assess sleep outcomes, there was no objective 
measure of sleep duration. Still, sleep duration information 
was extracted from the PSQI, which is in accordance with 
the practices of other researchers.45–47 The intervention 
group sample size is consistent with the median sample 
size (n=18) reported in a meta-analysis of 87 sleep studies 
conducted on adults without diagnosed sleep disorders.26 

Still, the small sample size and relatively smaller effect 
sizes could obscure our ability to detect differences in 
sleep duration and ISI scores. That the sample was almost 
entirely female reduces generalizability to males. Another 
limitation involves study design. This study was a quasi- 
experimental trial rather than a randomized control trial, 
and as such, the study is at higher risk for bias. 

Participants interested in sleep education who had pre-
viously enrolled in MSU Extension programming were 
offered the opportunity to participate. These individuals 
may be more highly motivated to participate in sleep- or 
health-related programming compared to the general popu-
lation; however, these individuals – those interested and 
willing to participate in sleep-related programming – are 
the target audience for SLEEP.45 Finally, differences in 
ages between the two groups were present, with the inter-
vention group younger than the control group. Older age 
has been associated with an increased likelihood of sleep 
disturbance66 but adults younger than 65 years are more 
likely to not meet sleep duration recommendations.67 

While sleep measures did not differ from baseline between 
the two groups, future work should examine the effects of 
the program on younger individuals.

Conclusion
Given the widespread prevalence of sleep problems in the 
adult population combined with lack of access to care, 
effective, scalable public health interventions are despe-
rately needed. SLEEP improved sleep quality, reduced 
maladaptive sleep hygiene behaviors, and reduced daytime 
sleepiness compared to the control group. Effect sizes for 
all sleep measures, which included sleep quality, sleep 
duration, insomnia symptoms, sleep hygiene behaviors, 
and excessive daytime sleepiness, were medium or large. 
In the intervention group, changes in sleep measures were 
judged to be clinically meaningful (≥0.5 SD) for all mea-
sures except daytime sleepiness. These results support the 
efficacy of a group-based, virtual education intervention 
delivered by health educators in improving sleep outcomes 
among older adults.
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