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Although calls for intervention designs are numerous within the organizational literature and increasing
efforts are being made to conduct rigorous randomized controlled trials, existing studies have rarely
evaluated the long-term sustainability of workplace health intervention outcomes, or mechanisms of this
process. This is especially the case with regard to objective and subjective sleep outcomes. We
hypothesized that a work–family intervention would increase both self-reported and objective actigraphic
measures of sleep quantity and sleep quality at 6 and 18 months post-baseline in a sample of information
technology workers from a U.S. Fortune 500 company. Significant intervention effects were found on
objective actigraphic total sleep time and self-reported sleep insufficiency at the 6- and 18-month
follow-up, with no significant decay occurring over time. However, no significant intervention effects
were found for objective actigraphic wake after sleep onset or self-reported insomnia symptoms. A
significant indirect effect was found for the effect of the intervention on objective actigraphic total sleep
time through the proximal intervention target of 6-month control over work schedule and subsequent
more distal 12-month family time adequacy. These results highlight the value of long-term occupational
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health intervention research, while also highlighting the utility of this work–family intervention with
respect to some aspects of sleep.

Keywords: intervention sustainability, sleep, conservation of resources theory, control over work
schedule, family time adequacy

The topic of sleep has received increased interest in organiza-
tional and management sciences (Barnes, 2012; Barnes, Miller, &
Bostock, 2017). This energetic area of research has resulted in the
development of new sleep theories (Barnes, 2012; Barnes, Jiang, &
Lepak, 2016; Mullins, Cortina, Drake, & Dalal, 2014) and an
improved understanding of associations among sleep and work-
related constructs (Crain et al., 2014; Wagner, Barnes, Lim, &
Ferris, 2012; Welsh, Ellis, Christian, & Mai, 2014). Notably, a
number of recent studies have found relations between work–
family experiences and sleep outcomes (Allen & Kiburz, 2012;
Barnes, Wagner, & Ghumman, 2012; Crain et al., 2014), suggest-
ing that work–family experiences are an important target for future
intervention studies.

Recently, the Work, Family, and Health Study (WFHS; Bray et
al., 2013; King et al., 2012) tested a work–family intervention
within a randomized controlled trial design. Employee control over
work schedule and family supportive supervisor behaviors (FSSB)
were both included as primary intervention targets. Kossek, Ham-
mer, Kelly, and Moen (2014) described the intervention design in
detail. Results indicated that the intervention improves control
over work time, FSSB, work–family conflict, subjective well-
being, and family time adequacy (Kelly et al., 2014; Moen et al.,
2016), while also increasing daily shared time by parents and
children (Davis et al., 2015), and sleep of employees’ children
(McHale et al., 2015). This intervention also protected against
decreases in safety compliance and organizational citizenship be-
haviors (Hammer et al., 2016). Kossek et al. (2017) also found that
the same intervention implemented in a health care setting im-
proved psychological health for employees who were also caring
for an aging relative, had child care responsibilities, or who were
“sandwiched” and caring for both children and aging relatives,
although these results varied across 6-, 12-, and 18-month follow-
ups. Other work has found that this intervention results in a
significant, positive return on investment (Barbosa et al., 2015). Of
special relevance to the current work, a study conducted by Olson
et al. (2015) evaluated the intervention effects at the 12-month
time point on self-reported and objective sleep within a sample of
information technology workers. They found that the intervention
improved employee objectively measured total sleep time and
self-reported sleep insufficiency. Furthermore, the intervention
affected sleep insufficiency at 12 months partially via increases in
6-month control over work schedule and associated reductions in
work-to-family conflict (WTFC).

We argue that Olson et al.’s (2015) work can be further ex-
panded upon to better inform future intervention research by
evaluating the sustainability and mechanisms of the intervention
effects at two additional time points. August, Bloomquist, Lee,
Realmuto, and Hektner (2006) suggested that “sustainability is a
multifaceted concept that encompasses diverse perspectives on a
program’s long-term viability” (p. 151). In the current investiga-

tion, we focus on the sustainability of intervention effects follow-
ing implementation.

We note three specific contributions of this work. First, although
Olson et al. (2015) found significant intervention effects, it is not
known whether sustainability is present before or after the 12-
month follow-up. Providing evidence of long-term sustainability is
critical for persuading organizational decision-makers to adopt
such an intervention and informing future research that aims to
further refine this promising intervention. Second, we evaluate
new mediators, as Olson et al. (2015) found evidence of only
partial mediation through control over work schedule and WTFC
at 6 months, suggesting that other constructs may be contributing
intervention effects on sleep outcomes. Lastly, although it was a
strength of Olson et al.’s (2015) study that proximal mediators
(i.e., immediate intervention effects) and distal mediators (i.e.,
subsequent intervention effects) were conceptualized and tested
(i.e., control over work hours and WTFC, respectively), both
variables were analyzed simultaneously at the 6-month time point.
Although mediation analysis can be conducted with cross-
sectional as well as longitudinal data, mediation analyses based on
longitudinal data are superior, given concerns around common
method bias (Maxwell & Cole, 2007).

The current study evaluates intervention effects on objective and
self-reported sleep outcomes at the 6-month, 12-month, and 18-
month follow-ups, and a test of intervention effect sustainability
from 6 to 18 months and 12 to 18 months is also conducted. We
also examine how proximal intervention targets at the 6-month
time point (schedule control and FSSB) and more distal work–
family factors at 12 months (WTFC and family time adequacy)
relate to sustained improvements in sleep outcomes at 18 months.
The proposed theoretical model can be seen in Figure 1.

In line with recommendations from Allen and Martin (2017),
Barnes (2012), and Crain, Brossoit, and Fisher (2017), we include
objective and subjective aspects of both sleep quantity and sleep
quality in our study. Sleep quantity refers to the duration of time
spent sleeping (i.e., objective total sleep time). Sleep quality, on
the other hand, is multifaceted, as it consists of time spent awake
during the sleeping period (i.e., objective wake after sleep onset
[WASO]), an overall evaluation of the sufficiency of one’s sleep
(i.e., self-reported sleep insufficiency), and difficulty initiating or
maintaining sleep throughout the night (i.e., self-reported insomnia
symptoms). As described by a number of sleep scholars (Barnes,
2012; Crain et al., 2017), there is a need to include both measures
of sleep quality and sleep quantity; although related, they are
empirically and theoretically distinct constructs that may relate
differentially to antecedents. Interestingly, both actigraphically
measured “objective” and subjective reports of sleep also often do
not correspond for a variety of measurement reasons (Matthews et
al., 2018; Sadeh, 2011); however, they are both important. This is
especially true, as most clinical interactions and workplace inter-
vention implementations are based on subjective reports for rea-
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sons related to cost, absence of technical actigraphy knowledge,
and feasibility within study design, and thus objective actigraphy
provides measures less affected by common method bias and
low-resolution categorical measures. However, some aspects of
sleep quality, like sleep insufficiency, cannot be measured through
objective means; the focus of such measures is on how the partic-
ipant feels and whether they perceive their sleep to be adequate. As
such, we include both objective and self-report measures because
(a) objective measurement of sleep acts as a validity check against
more commonly used self-report scales, and (b) so that multiple
sleep quantity and quality constructs can be assessed, providing a
more holistic understanding of how the intervention impacts sleep.

Increasing and Sustaining Work–Family Resources

Conservation of Resources Theory

The present study uses conservation of resources (COR; Hob-
foll, 1989) theory. Hobfoll’s (1989) COR framework generally
posits that strain results from investing resources, the threat of
losing resources, or a lack of resource replenishment after resource
investment. Halbesleben, Neveu, Paustian-Underdahl, and West-
man (2014) have more recently proposed that resources are “any-
thing perceived by the individual to help attain his or her goals” (p.
1338). Hobfoll and Shirom (2000) have suggested that work–
family stressors, specifically, deplete resources. We focus specif-
ically on the resources of control over work schedule and FSSB.

Sleep as a Sustained Health Outcome of the
Intervention

A growing literature has established relations between re-
sources, like job control and social support, in relation to sleep (de
Lange et al., 2009; Magnusson Hanson et al., 2011). However,
only a few studies to date have explicitly examined associations
among control over work hours, FSSB, and sleep. For example,
Crain et al. (2014) found that FSSB, WTFC, and family to-work
conflict, when examined as a block of predictors, are significantly
related to objective sleep duration and self-reported sleep quality
(e.g., insomnia symptoms). Individuals with more control over
work hours and control over days off also report fewer insomnia
symptoms, especially for men and daytime workers versus women
and shiftworkers, respectively (Takahashi et al., 2011).

Regarding previous workplace intervention research aiming to
improve employee sleep, a number of approaches have been taken.
Some studies have adopted an individual-level approach whereby

employees are trained on cognitive–behavioral therapy for insom-
nia (Barnes et al., 2017; Thiart et al., 2016), or aspects of
cognitive–behavioral therapy for insomnia plus recovery from
work-related techniques (Ebert et al., 2015; Thiart, Lehr, Ebert,
Berking, & Riper, 2015). Mindfulness training has also been
targeted in the workplace to improve sleep (Crain, Schonert-
Reichl, & Roeser, 2017; Hülsheger, Feinholdt, & Nübold, 2015).
Other recent intervention work has involved providing soldiers
with individualized feedback on their sleep history, as measured
objectively by actigraphy (Adler, Gunia, Bliese, Kim, & LoPresti,
2017).

In contrast to these intervention studies targeting employee
behaviors, other sleep intervention work focuses on aspects of the
work environment that can be changed, similar to the current
study’s intervention. Van Laethem, Beckers, Kompier, Dijkster-
huis, and Geurts’s (2013) review of organizational-level interven-
tions highlights a number of studies that have sought to address
work characteristics in an attempt to improve sleep, although the
majority of these studies were not rigorous in nature. No interven-
tion effects were found for two other studies not captured by Van
Laethem and colleagues (2013). First, Garde, Nabe-Nielsen, and
Aust (2011) did not find effects of an intervention designed to
increase control over work time on self-reported sleep quality in a
sample of health care workers, but the study authors noted that the
intervention was not implemented well across all employees. Sec-
ond, Eriksen and Kecklund (2007) also did not find effects of an
intervention designed to allow police officers to choose their work
shifts on sleep quality, although police officers in the intervention
group did experience longer sleep durations after morning and
evening shifts. Just one of the intervention studies included in the
review, however, specifically targeted work–family strain as a key
lever for improving sleep (i.e., Moen, Kelly, Tranby, & Huang,
2011) in a natural experiment. The authors found that by increas-
ing employees’ control over their working time, employees re-
ported almost an extra hour of sleep on nights before work, 6
months after an intervention targeting control over work time was
implemented.

Drawing on Hobfoll’s (1989) framework and previous empirical
work, we argue that by targeting control over work schedule and
FSSB as resources, the present intervention is likely to improve
both objective and subjective measures of sleep quantity and sleep
quality facets. These intervention resources should allow employ-
ees to obtain adequate sleep duration, while also decreasing em-
ployee strain that impacts sleep quality.

6-months 12-months 18-months 

Work-to-Family 
Conflict 

 
Family Time Adequacy 

Intervention 

Control over Work 
Schedule 

 
Family-Supportive 

Supervisor Behaviors 

Sleep Quantity 
 

Sleep Quality 

Figure 1. Theoretical model.
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Hypothesis 1: The intervention will improve sleep quantity
(i.e., increase objective total sleep time) and sleep quality (i.e.,
reduce objective WASO, subjective sleep insufficiency, and
subjective insomnia symptoms) at the 6-month and 18-month
follow-up data collections relative to baseline.

We expect that no decay in these intervention effects should
occur, given that the intervention in question targeted the organi-
zational level and was focused on permanently improving super-
visor behavior while also redesigning work in such a way that
control over schedules would be lasting. As the COR framework
proposes (Halbesleben et al., 2014; Hobfoll, 1989), individuals
with access to resources are more likely to gain additional re-
sources over time and maintain levels of heightened functioning
and an ability to manage work and family boundaries, thereby
leading to improved and sustained sleep over time.

COR theory (Hobfoll, 1989) also generally suggests that indi-
viduals with resources are likely to acquire more resources over
time, leading to gain spirals (Hobfoll, 1989). Thus, with the
addition of resources provided by the WFHS intervention, we
might expect increases in sleep quantity and quality 6 months
beyond the previously evaluated 12-month time point. However,
meta-analytic evidence suggests that lagged effects of stressors on
physical strains do not tend to increase over time, in contrast to
lagged effects of stressors on psychological strain, which tend to
increase over time, peak, and then decrease (Ford et al., 2014).
Although COR theory would suggest that sleep quantity and
quality might improve over an additional 6 months in our inter-
vention study, this empirical work on physical strains suggests that
the intervention effects may be sustained over time, given that
these effects tend to be small and difficult to detect. As we are
interested in the effect of increasing workplace resources and
decreasing workplace stressors on the physical outcome of sleep
rather than a psychological outcome, we draw on Ford et al.’s
(2014) findings and propose that sleep quantity and quality will be
sustained over time, rather than being furthered improved within
our given time frame. However, inferential statistical tests do not
provide evidence for the null hypothesis, and thus hypothesizing
no change in sleep outcomes between the 6-month and 18-month
and the 12-month and 18-month time point would be inappropri-
ate. As such, we offer the following as a research question, with
the intention of investigating the intervention’s long-term effects
on sleep outcomes:

Research Question 1: Will the intervention’s effect on sleep
be maintained between the 6- to 18-month follow-up time
points and the 12- to the 18-month follow-up time points?

Additional Mediators of Intervention Effects on Sleep
Outcomes

King et al. (2012) proposed a theoretical model suggesting that
a work–family intervention seeking to provide employees with the
additional resources of control over work schedule and FSSB (i.e.,
proximal mediators), should decrease WTFC and family time
adequacy (i.e., distal mediators). These distal mediators should
ultimately, in turn, improve sleep.

Control over work schedule and FSSB as proximal
mediators. In line with Kelly and Moen (2007), our conceptu-
alization of control over work schedule is specifically concerning

one’s control over when and where they conduct their work.
Broader reviews of the worktime control literature suggest that
although there is evidence for worktime control being correlated
with work–family variables, findings are generally inconsistent
with regard to health and well-being outcomes (Nijp, Beckers,
Geurts, Tucker, & Kompier, 2012). Control over work schedule is
likely to act as a resource that subsequently improves sleep by
providing employees with more flexibility to determine when and
where they work. With increased control over work schedule,
employees are more likely to find enough time to attend to family
demands, thereby leaving more time for sleep and less motivation
to borrow time from sleep to meet family demands. Indeed, a
recent study indicated that individuals who experienced a greater
mismatch between their needs for worktime control and their
experienced worktime control were more likely to also experience
WTFC and fatigue (Nijp, Beckers, Kompier, van den Bossche, &
Geurts, 2015). Other work indicated a beneficial impact on de-
pressive symptoms (Kossek, Lautsch, & Eaton, 2006). In addition,
with greater control over how one allocates time over the day and
week, employees will perceive the environment to be less threat-
ening, experience less strain, and consequently experience better
sleep quality.

Family supportive supervisors empathize with employees’ ef-
forts to seek balance between work and family domains and
similarly understand their desire to adequately fulfill both sets of
roles (Hammer, Kossek, Yragui, Bodner, & Hanson, 2009;
Thomas & Ganster, 1995). Previous research has offered evidence
for the direct effect of supportive supervisors on employee sleep
(Berkman, Buxton, Ertel, & Okechukwu, 2010; Sorensen et al.,
2011). Supervisors who are supportive provide resources neces-
sary to manage both work and family demands. This in turn should
allow employees who are able to manage work and family de-
mands to be more likely to find adequate amounts of time to obtain
sufficient sleep duration. In addition, employees should experience
better sleep quality because the environment is less pressured.

WTFC and family time adequacy as distal mediators.
WTFC has been defined as a form of interrole tension in which the
demands of the work role are incompatible with the demands of
the nonwork role (Greenhaus & Beutell, 1985). We focus on the
work-to-family direction of this construct, given our theoretical
model examines how work-related resources can positively influ-
ence family and personal experiences. Previous studies have found
a cross-sectional relationship between work–family conflict and
sleep-related outcomes, including aspects of quantity (Crain et al.,
2014) and sleep quality (Crain et al., 2014; Lallukka, Rahkonen,
Lahelma, & Arber, 2010; Nylén, Melin, & Laflamme, 2007;
Sekine, Chandola, Martikainen, Marmot, & Kagamimori, 2006).
Other longitudinal studies have indicated that decreases in WTFC
are associated with increases in perceptions of adequate time for
healthy sleep (Moen, Fan, & Kelly, 2013). Moreover, reductions in
WTFC have resulted in longer sleep durations for individuals
within intervention contexts (Moen et al., 2011).

According to Van Horn, Bellis, and Snyder (2001), family time
adequacy refers to an individual’s evaluation of their available
time resources that can be allotted to family members, including
children, parents, and spouses. Previous research has found a
positive association between FSSB and family time adequacy
(Hammer, Ernst Kossek, Bodner, & Crain, 2013). To our knowl-
edge, there are no studies that have linked family time adequacy
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with sleep outcomes. We propose that with greater perceived time
resources for family, employees will experience improved sleep
quantity and quality. Importantly, with increased family time ad-
equacy, employees are less likely to need to borrow time from
sleep to care for family members.

Hypothesis 2: The intervention will improve 18-month sleep
quantity (i.e., increase objective total sleep time) and sleep qual-
ity (i.e., reduce objective WASO, reduce subjective sleep insuf-
ficiency, and reduce subjective insomnia symptoms) relative to
baseline through increased 6-month control over work schedule
and FSSB that decreases subsequent 12-month WTFC and in-
creases family time adequacy.

Method

Participants and Procedures

The present investigation uses baseline, 6-month, 12-month, and
18-month data from a sample of employees located in teams within
the information technology division of a large Fortune 500 infor-
mation technology firm labeled with the pseudonym TOMO. To be
eligible for the study, individuals had to be noncontract employees
and located in one of the two cities where data collection took
place. Table 1 shows the means and standard deviations of key
participant characteristics across both conditions.

Following baseline data collection, the intervention was imple-
mented, being rolled out as a company-sponsored pilot program. In
collaboration with company representatives, the researchers iden-
tified 56 study groups, each comprised either individuals who
reported to the same manager or multiple teams of individuals who
worked collaboratively on common projects. An adaptive random
assignment approach (Frane, 1998) was then used to assign study

groups to either the usual practice or intervention condition (see
Bray et al., 2013, for a detailed description of this methodology).
The usual practice and intervention conditions were balanced on
job function, the vice president study groups reported to, and
number of employees in each of the two geographic regions home
to the worksites.

Overview of the Intervention

The intervention designed and tested in this study was com-
posed of two components: (a) facilitated training sessions with
supervisors and employees that were participatory in nature aimed
at identifying new work practices and processes that would in-
crease employees’ control over work schedule, thereby shifting the
performance focus to results rather than face time (adapted from
Kelly, Moen, & Tranby, 2011; Moen et al., 2011, 2013), and (b)
supervisor training and behavior tracking aimed at increasing
supervisor support for employees’ family and nonwork lives
(adapted from Hammer, Kossek, Anger, Bodner, & Zimmerman,
2011). These two intervention components were adapted and cus-
tomized for the information technology industry and this particular
study through formative research. Data were collected using job
shadowing, interviews with managers, and employee focus groups.
Researchers also drew on notes from meetings with community
partners to inform the customization. Based on this formative data
collection, the final integrated intervention was tested in two
industries, long-term health care and information technology. For
the purposes of this article, we focus solely on the information
technology sample across four waves of data collection.

One part of the intervention involved employees and managers
attending a series of facilitated participatory training sessions. Two
different types of sessions were held: those for supervisors only
and those for supervisors and employees jointly. In both sets of
sessions, facilitators from an organizational development company
delivered face-to-face sessions. In the supervisor only sessions, the
facilitators introduced leaders to the intervention, provided guid-
ance on how to help transition employees to having full control
over their work time, and created opportunities for managers to
discuss their support for employees’ family demands. Within the
supervisor and employee sessions, facilitators provided back-
ground on the intervention and led discussions around current
workplace practices and policies, in addition to discussions around
novel ways of working that could increase employee control over
work schedule and support for others’ work performance and
personal lives.

Managers within the intervention condition attended a 2-hr-long
facilitated training session, which introduced them to the interven-
tion. This was followed by a self-guided, hour-long computer-
based training using cTRAIN software (Northwest Education
Training and Assessment, Lake Oswego, OR; http://www.nweta
.com; Anger et al., 2001). The training provided managers with
information on the importance of decreasing employees’ work–
family conflict and increasing supervisor support for nonwork life,
in addition to explaining why such efforts would be beneficial for
both employees and the organization. Specific examples of how
managers could engage in such support were also included in the
training. Managers were then asked to set goals for exhibiting
support to employees and were asked to carry an iPod Touch
device over the next 2 weeks to log their supportive behaviors

Table 1
Mean (SD) and Percentage of Demographic Characteristics by
Condition (N � 823)

Demographic characteristic Usual practice Intervention

Female 37.9% 42.3%
Age 46.6 (8.4) 46.9 (8.8)
Race/ethnicity

White, Non-Hispanic 72.1% 70.7%
Black or African American, Non-Hispanic 1.3% 2.4%
Asian Indian 13.8% 11.8%
Other Asian 4.2% 4.9%
Other Pacific Islander 0.8% 1.2%
Hispanic 6.7% 8.1%
More than one race 1.3% 0.1%

Married or living with partner 79.2% 80.1%
Number of children 1.0 (1.2) 1.0 (0.95)
Elder care 25.8% 24.4%
Education

High school graduate 2.5% 2.8%
Some college or technical school 17.9% 22.4%
College graduate 79.6% 78.4%

Hours worked per week 45.5 (6.0) 45.6 (5.4)
Shift

Variable schedule 21.3% 21.1%
Regular daytime 77.9% 78.0%
Rotating 0.4% 0.8%
Split shift 0.4% 0.0%
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using an Enterprise Application (HabiTrack, Oregon Health and
Science University, Portland, OR). Daily alarms on the devices
reminded managers to self-monitor their supportive behaviors, and
after the experience, each person was provided with personalized
feedback on their behaviors relative to their individual goals and
group averages. Supervisors completed two 2-week bouts of be-
haviors tracking during the intervention period. Lastly, managers
participated in a facilitated training session at the end of the
initiative that allowed them to share their successes and to ask
questions of the facilitators and other managers. Additional infor-
mation on the intervention and all downloadable intervention
materials can be found online (www.WorkFamilyHealthNetwork
.org).

Data Collection

Data collections took place within the workplace on paid com-
pany time. At each of the four waves of data collection, trained
field interviewers administered face-to-face computer-assisted per-
sonal interviews with employees, obtaining demographic, work-
place, family, and health information, including self-reported sleep
data. These interviews lasted 60 min at the worksite, and all
employees were compensated with a $20 incentive per wave.

Immediately following the computer-assisted personal inter-
views, interviewers introduced the actigraphy data collection pro-
cess to collect objective sleep data. Participation resulted in an
additional $20 incentive per wave. If the participant agreed, the
interviewer provided them with and instructed them to wear a
sleep monitor (Spectrum, Respironics-Philips, Murrysville, PA) on
their nondominant wrist at all times for the next week except in
situations in which the watch could be damaged (e.g., excessive
impact, extreme temperatures).

Measures

In the following sections, we describe the organizational, fam-
ily, and sleep measures used in the current study. Mean imputation
of missing scores was used for all scales with four or more items
when at least 75% of the data were present. Otherwise, listwise
deletion was used to construct scale scores. There was little miss-
ing data across the items within a scale for the sample, ranging
from 1% to 8%. Although all variables were collected at each of
the four waves, control over work schedule and FSSB were as-
sessed at baseline and 6 months, whereas WTFC and family time
adequacy were assessed at baseline and 12 months to evaluate
Hypothesis 2. Self-report and objective sleep variables were also
assessed at all waves. Selection of proximal and distal mediators at
certain time points was based on our theoretical rationale; FSSB
and schedule control between baseline and 6 months were assessed
to evaluate immediate perceptions of intervention change effects
since the intervention was delivered between baseline and 6
months, followed by the assessment of work–family conflict and
time adequacy between baseline and 12 months to show the lagged
effects on perceptions of work–family stress.

Control over work schedule. Control over work schedule
assessed the degree to which employees perceive they have control
over their work time using an eight-item scale based on Thomas
and Ganster’s (1995) measure. A sample question is “How much
choice do you have over when you begin and end each workday?,”

with responses ranging from 1 (very little) to 5 (very much; � �
.80–.83).

Family supportive supervisor behavior. FSSB was assessed
as employee perceptions of supervisors’ behavioral support for
family and personal life. We used Hammer and colleagues’ (2013)
four-item short form measure. Responses ranged from 1 (strongly
disagree) to 5 (strongly agree), and a sample item is “Your
supervisor works effectively with employees to creatively solve
conflicts between work and non-work” (� � .88–.92).

Work-to-family conflict. WTFC, reflecting the degree to
which work role responsibilities are incompatible with family role
responsibilities, was assessed using a five-item scale developed
and validated by Netemeyer, Boles, and McMurrian (1996). A
sample item is “Due to your work-related duties, you have to make
changes to your plans for family or personal activities.” Item
responses ranged from 1 (strongly disagree) to 5 (strongly agree;
� � .91–.92).

Family time adequacy. Family time adequacy assessed em-
ployees’ perceptions of available time resources for family mem-
bers, including children, spouses, and parents (Van Horn et al.,
2001) with a two-item scale. A sample item is “To what extent is
there enough time to be with your children?,” and response options
ranged from 1 (never) to 5 (all of the time), with higher values
representing more time resources for family (� � .37–.57).

Objective sleep quantity and quality. Actigraphy represents
a reliable and valid objective measure of sleep not used for the
diagnosis of sleep disorders (Ancoli-Israel et al., 2003; Marino et
al., 2013). Sleep monitor actigraphs are wrist-watch size devices
that contain an accelerometer, continuously measuring movement
as a proxy for waking activity (Ancoli-Israel et al., 2003; Barnes,
2012). In line with Crain et al. (2014) and Olson et al. (2015), we
used Philips-Respironics’ Actiwatch Spectrum devices and proce-
dures for double scoring with experienced actigraphy scorers using
Respironics Actiware sleep scoring program Version 5.61. A re-
cording was scored as invalid if there was a device malfunction
and constant false activity was seen in the recording or if the
actigraphy data could not be retrieved from the device. Specific
days within the recording could also be labeled as invalid if a
watch error occurred, such as a failing battery, or if the participant
did not comply with the study’s actigraphic procedures (i.e., �4 hr
of actiwatch off-wrist time throughout the day, or an off-wrist
period �60 min within 10 min of the determined beginning or end
of the main time in bed period for that day). Participants’ actig-
raphy records were only included in the analysis if they had three
or more valid days of actigraphy data, suggested by Olson et al.
(2015) to be a reliable number of days. For more detailed accounts
of our validated actigraphy scoring procedure, please see Marino et
al. (2013).

Actigraphic total sleep time. Actigraphic total sleep time, or
objectively measured quantity, can be derived from actigraphic
periods of less frequent movement, indicating sleep, throughout a
24-hr period. Marino et al. (2013) found that a particular strength
of actigraphy is that it has high sensitivity, in terms of an ability to
correctly assign epochs of sleep time.

In the current study, the initial total sleep time measurement was
the total number of epochs determined to be sleep multiplied by
the set epoch length (30 s). These initial values for total sleep time
were further modified to account for the total number of valid
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days. Actigraphic total sleep time was computed as the average
amount of sleep attained per day in minutes (including naps).
Thus, the total amount of time scored as sleep over the course of
the study was divided by the total number of valid days.

Actigraphic WASO. Actigraphic WASO refers to the average
amount of time spent awake per sleeping period, as evidenced by
actigraphically measured wrist movement patterns. Previous re-
search validating actigraphy against polysomnography, the gold
standard of sleep measurement involving surface electrodes, has
indicated that actigraphy estimates have high accuracy (Marino et
al., 2013). However, although WASO estimates are unbiased when
wake time is �30 min during the night, this same validation study
also showed that actigraphy tends to overestimate WASO if true
wake time during the night is �30 min. We note this limitation of
actigraphy here, as it is specific to the measurement of WASO.

In this study, the initial WASO measurement was the total
number of epochs determined to be wake multiplied by the set
epoch length (30 s). The initial value for WASO was further
modified to account for the total number of valid days, to obtain a
more accurate WASO value. Thus, WASO was computed as the
average amount of time spent waking during nightly sleep in
minutes, with the total amount of time scored as wake time being
divided by the total number of valid days.

Self-reported sleep quality. In addition to objective measures
of sleep, two measures of sleep quality were assessed. These
included sleep insufficiency and insomnia symptoms.

Self-reported sleep insufficiency. Sleep insufficiency, a mea-
sure of poor sleep quality, was measured using one item (Buxton
et al., 2009, 2012; Centers for Disease Control and Prevention,
2011). As a measure of sleep insufficiency, participants were
asked, “How often during the past four weeks did you get enough
sleep to feel rested upon waking up?” Items were rated on a scale
from 1 (never) to 5 (very often). After reverse scoring, higher
scores indicated greater sleep insufficiency.

Self-reported insomnia symptoms. Insomnia symptoms, an-
other measure of poor sleep quality, were captured using two items

from the Pittsburgh Sleep Quality Index (Buysse, Reynolds, Monk,
Berman, & Kupfer, 1989). Participants were asked, “During the
past four weeks, how often could you not get to sleep within 30
minutes?” and “During the past four weeks, how often did you
wake up in the middle of the night or early morning?” Items were
rated on a scale from 1 (never) to 4 (three or more times a week),
with higher scores indicating more frequent insomnia symptoms.
The two scores were then averaged for an overall insomnia symp-
toms score.

Analytic Strategy

Intervention effect analyses with sleep outcomes were con-
ducted in SAS Proc Mixed (Version 9.3) with restricted maximum
likelihood estimation, using a three-level general linear mixed
model approach for cluster-randomized designs (Donner & Klar,
2004; Murray, Varnell, & Blitstein, 2004; Varnell, Murray,
Janega, & Blitstein, 2004). All analyses were conducted within an
intent-to-treat framework. Within these three-level models, time
waves (baseline, 6-month follow-up, 12-month follow-up, and
18-month follow-up) were nested within participants and partici-
pants were nested within workgroups. Intraclass correlation coef-
ficients at the workgroup level ranged from 0 to .05, whereas
intraclass correlation coefficients at the individual level ranged
from .54 to .67, depending on the outcome. The statistical model
used (as seen in Table 2) is analogous to a general linear mixed
model parameterization of a 2 � 4 analysis of variance with
workgroup-level random effects. In this conceptualization, condi-
tion (i.e., intervention vs. usual practice) is crossed with time (i.e.,
baseline, 6 months, 12 months, and 18 months). Thus, the eight
condition by time means can be derived from the fixed-effect
model parameters that are shown in Table 2. The model’s param-
eterization included treating time wave as a categorical variable,
such that the 6-month follow-up was contrasted with baseline, the
12-month follow-up was contrasted with baseline, and the 18-
month follow-up was contrasted with baseline. The outcomes

Table 2
Means by Condition Over Time

Mean Condition Baseline 6 months 12 months 18 months

Mediator
Control over work hours

(1–5 rating)
Usual practice 3.64 3.68 3.70 3.69
Intervention 3.56 3.83 3.80 3.80

FSSB
(1–5 rating)

Usual practice 3.84 3.93 3.79 3.77
Intervention 3.90 3.95 3.94 3.98

Work-to-family conflict
(1–5 rating)

Usual practice 2.99 2.89 2.87 2.84
Intervention 3.14 2.92 2.91 2.84

Family time adequacy
(1–5 rating)

Usual practice 3.40 3.50 3.39 3.37
Intervention 3.32 3.42 3.44 3.45

Sleep outcome
Actigraphic total sleep

time (min)
Usual practice 440.06 449.18 441.87 440.58
Intervention 429.55 440.49 434.44 443.39

Actigraphic WASO
(min)

Usual practice 43.70 44.85 45.86 45.76
Intervention 44.14 47.45 43.27 47.45

Sleep insufficiency
(1–5 rating)

Usual practice 2.81 2.64 2.80 2.71
Intervention 2.86 2.69 2.62 2.57

Insomnia symptoms
(1–4 rating)

Usual practice 2.71 2.77 2.65 2.65
Intervention 2.69 2.70 2.63 2.70

Note. FSSB � family supportive supervisor behaviors; WASO � wake after sleep onset. Adjusted means are
derived from general linear mixed model analysis results.
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(total sleep time, WASO, sleep insufficiency, and insomnia symp-
toms) were regressed on the treatment indicator, the follow-up
wave indicators, and the Treatment � Wave interaction terms. In
these models, the primary parameters of interest are the interac-
tions between follow-up time waves and the treatment indicator
(Bodner & Bliese, 2018), which represent the differential mean
change in an outcome across time and intervention conditions (i.e.,
the treatment effect). A statistically significant Treatment � Wave
interaction for each of the four sleep outcomes would confirm
Hypothesis 1, or that sleep quantity and quality would be improved
at the 18-month time point.

To test Research Question 1, we used this same analytical
framework but selected only first for 6-month and 18-month data
and then only for 12-month and 18-month data, to determine if the
intervention effect was sustained. The primary parameter of inter-
est is still the Treatment � Wave interaction term, which now
represents the differential mean change in sleep from 6 months to
18 months and 12 months to 18 months, ignoring baseline data,
across intervention conditions. As we expand upon in more detail
in the results section, we evaluate whether no significant change
(i.e., sustainability) is evidenced by determining if a criterion
threshold value in the unstandardized mean difference effect size
metric is contained within the confidence interval for each Treat-
ment � Wave interaction term. If the confidence interval did
contain this value, then we concluded that there is no substantial
relevant change in effects over time.

To test Hypothesis 2 that the intervention would improve 18-
month sleep quantity and quality through 6-month change in
control over work schedule and FSSB and subsequent 12-month
change in WTFC and family time adequacy, difference scores
were first computed for 6- and 12-month mediators (i.e., 6-month
minus baseline scores and 12-month minus baseline scores). Next,
multilevel structural equation modeling techniques were then used
using Mplus (Version 6.0) to evaluate the intervention’s effect on
18-month outcome difference scores through 6- and 12-month
mediator difference scores (for a description of difference score
use, see MacKinnon, 2008, Chapter 8). A fully saturated model
was specified with all study variables included. Hypothesis 2
would be confirmed if significant conditional indirect effects were
found for the pathway from intervention to sleep outcomes through
the 6- and 12-month mediators.

All analyses conducted for testing both intervention and medi-
ation effects controlled for the number of employees used for
randomization and the core function, a variable identifying groups
in which most individuals were involved with software develop-
ment versus groups dominated by other information technology
jobs. In addition, the organization experienced a merger during the
course of the study. Whether the merger was announced before or
after baseline data collection was also controlled.

Results

Self-report data were collected at baseline (n � 823), 6 months
(n � 701), 12 months (n � 701), and 18 months (n � 651). At
baseline, 618 of these individuals provided a minimum of three
valid days of actigraphy data (intervention � 313, usual practice �
305), and 557 provided a minimum of three valid days of actig-
raphy data at 6 months (intervention � 270, usual practice � 287).
At 12 months, 474 individuals provided three or more days of valid

actigraphy data (intervention � 234, usual practice � 240). At 18
months, 397 individuals provided three or more valid days of
actigraphy data (intervention � 193, usual practice � 204). Anal-
yses excluded 16 individuals who were part of a workgroup that
was randomized to the intervention but never invited to interven-
tion activities by error. In addition, eight individuals were ex-
cluded from the analyses because they did not have valid random-
ization variables, including the number of employees used for
randomization and the core function. To ensure that both objective
and self-report samples are equivalent, we restrict our self-report
analyses to the same sample of individuals who also provide valid
actigraphy data. The final sample size used in the analyses was
791, which captures all individuals who did not have missing data
on the predictors and control variables at baseline.

The model-based means for each time point across intervention
and usual practice conditions can be found in Table 2. Descriptive
statistics and bivariate correlations for all study variables are
presented in Table 3.

Intervention Effects

Hypothesis 1 stated that sleep quantity and quality at 6 months
and 18 months would improve as a result of the intervention. Olson
et al. (2015) previously found significant intervention effects on
actigraphic total sleep time and self-reported sleep insufficiency at
the 12-month follow-up. We include these 12-month data in our
models for comparison. As seen in Table 3, we extend Olson et
al.’s findings and show that such effects are again seen at the
6-month and 18-month follow-ups.

Specifically, a significant Intervention � Wave interaction is
found for 6-month actigraphic total sleep time (� � 9.13, t � 2.44,
p � .02), indicating that individuals in the treatment group expe-
rienced �9 min of sleep more per night at the 6-month follow-up,
relative to individuals in the usual practice group. The magnitude
of this effect is considered small (d � 0.37; Cohen, 1988).1 In
addition, a significant Intervention � Wave interaction is found for
18-month actigraphic total sleep time (� � 13.32, t � 3.29, p �
.001), indicating that individuals in the treatment group experi-
enced �13 min of sleep more per night at the 18-month follow-up,
relative to individuals in the usual practice group. The magnitude
of this effect is considered small (d � 0.27; Cohen, 1988). Figure
2 depicts this differential change across the treatment arms from
baseline to 6 months, baseline to 12 months, and baseline to 18
months. Actigraphic total sleep time increased in the usual practice
group and intervention group from baseline to 6 months, although
the increase was greater in the intervention group. Relative to
baseline, total sleep time then decreased in the usual practice
group, while slightly decreasing in the intervention group at 12
months before increasing again at the 18-month time point.

In addition, a significant intervention effect was found on sleep
insufficiency at 6 months (� � 	.25, t � 	3.26, p � .001). The
magnitude of this effect is also considered small (d � 0.36; Cohen,

1 From Table 4, the effect size d equals the estimated difference in mean
change over time from baseline to that time point across intervention
conditions divided by the square root of the sum of the random effects for
that model (Feingold, 2009).
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1988). A significant intervention effect was found on sleep insuf-
ficiency at 18 months (� � 	.20, t � 	2.14, p � .03). The
magnitude of this effect is also considered small (d � 0.43; Cohen,
1988). As seen in Figure 3, differential change across the treatment
arms over time is evidenced by the intervention group experienc-
ing decreased sleep insufficiency at the 6-month, 12-month, and
18-month follow-ups, whereas sleep insufficiency in the usual
practice group decreases to a lesser degree at the 6-month
follow-up before increasing again at the 12-month follow-up and
decreasing slightly at the 18-month follow-up. No significant
intervention effects were found either for actigraphic WASO at 6
months (� � 1.15, t � 1.00, p � .32, d � 0.27) or 18 months (� �
1.25, t � 1.01, p � .17, d � 0.33) or for self-reported insomnia
symptoms at 6 months (� � 0.06, t � 1.02, p � .31, d � 0.09) or
18 months (� � 0.06, t � 0.89, p � .37, d � 0.06).

The results from these change-on-change models partially con-
firm Hypothesis 1. Specifically, significant intervention effects are
found for 6-month and 18-month actigraphic total sleep time and
sleep insufficiency. This indicates that there was differential
change from baseline to 6 months and baseline to 18 months on
these two sleep outcomes depending on whether a participant
resided in the control or treatment group. Although these effects
are small, the findings indicate that total sleep time was lengthened
over time as a result of the intervention, whereas sleep insuffi-
ciency decreased over time as a result of the intervention.

Sustainability Effects

Research question 1 considered whether the intervention effects
on sleep quantity and quality would be sustained from the 6-month
time point to 18-month time point and from the 12-month time
point to the 18-month time point. We test whether changes oc-
curred in sleep between each of the two time points for all four
sleep outcomes (i.e., total sleep time, WASO, sleep insufficiency,
insomnia) for the sake of completeness. Results from these anal-
yses can be seen in Tables 5 and 6.

To evaluate the practical magnitude of the unstandardized ef-
fects discussed later and included in Tables 5 and 6, we provide a
threshold value in the unstandardized mean difference effect size
metric to be evaluated against the confidence intervals included in
Tables 5 and 6. First, we defined a small threshold value for d and
chose d � 0.10 on the grounds that a d � 0.20 is considered small
by some in the social and behavioral sciences (Cohen, 1988) and

that others argue that small effects can be theoretically and prac-
tically important (Prentice & Miller, 1992); thus, d � 0.10 repre-
sents a “smaller than small” change across time between the
intervention and usual practice conditions, after the intervention.
Next, we then multiplied this value of d � 0.10 by each baseline
standard deviation of the sleep variable in question to yield a
threshold value in the unstandardized mean difference effect size
metric. These equaled threshold values of 5.33, 1.63, 0.09, and
0.08 for total sleep time, WASO, sleep insufficiency, and insomnia
symptoms, respectively. Lastly, using the confidence intervals for
unstandardized effects in Tables 5 and 6, we evaluated whether the
confidence intervals contained the criterion threshold values. If the
confidence interval did contain this value, then we concluded that
there is no substantial relevant change in effects over time (i.e.,
sustainability of effects).

A nonsignificant Intervention � Wave interaction was found for
actigraphic total sleep time (� � 1.56, t � 0.38, p � .71),
indicating that there is no significant change from 6 months to 18
months across the intervention and usual practice groups. Al-
though no initial intervention effect was found for actigraphic
WASO at 6 months, we tested whether any significant change
occurred more so in the intervention than control condition from 6
to 18 months. The Intervention � Wave interaction was nonsig-
nificant (� � 	0.55, t � 	0.38, p � .71), indicating that there is
no significant change over the additional 6 months. We found no
evidence that the intervention effect on sleep insufficiency de-
cayed more so in the intervention than control condition from 6 to
18 months, with a nonsignificant Intervention � Wave interaction
(� � 	0.07, t � 	0.71, p � .48). Lastly, we tested whether any
changes in insomnia symptoms occurred more so in the interven-
tion than control condition from 6 to 18 months, despite initial
intervention effects not being found, and did not find a significant
Intervention � Wave interaction (� � 0.00, t � 0.06, p � .95). For
all four models, we then evaluated whether the confidence inter-
vals in Table 5 contained the criterion threshold values, which
would indicate sustainability. For example, the 5.33 criterion
threshold value computed for total sleep time was contained within
the Treatment � Wave interaction’s confidence interval shown in
Table 5 [	6.69, 9.82]. Each of the criterion threshold values were
contained by the associated confidence intervals, and thus, all
effects were sustained from 6 to 18 months.

Figure 2. Graph of intervention effect on total daily sleep time.

Figure 3. Graph of intervention effect on sleep insufficiency.
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We next tested the sustainability of intervention effects from 12
to 18 months. A nonsignificant Intervention � Wave interaction is
found for actigraphic total sleep time (� � 5.13, t � 1.30, p � .20),
indicating that there is no significant change from 12 months to 18
months across the intervention and usual practice groups. Al-
though no initial intervention effect was found for actigraphic
WASO at 12 months, we tested whether any significant change
occurred from 12 to 18 months. The Intervention � Wave inter-

action was nonsignificant (� � 	0.02, t � 	0.02, p � .98),
indicating that there is not a significant change over the additional
6 months. We found no evidence that sleep insufficiency decayed
from 12 to 18 months, with a nonsignificant Intervention � Wave
interaction (� � 0.03, t � 0.39, p � .70). Lastly, we tested whether
any changes in insomnia symptoms occurred more so in the
intervention than control condition from 12 to 18 months, despite
initial intervention effects not being found. Interestingly, we found

Table 4
Effect of Intervention on 6-, 12-, and 18-Month Sleep Outcomes

Predictor

Sleep outcomes

Actigraphic total sleep time Actigraphic WASO Insufficiency Insomnia

� 95% CI � 95% CI � 95% CI � 95% CI

Fixed effects
Intercept 436.10� [424.43, 447.77] 46.50� [42.89, 50.12] 2.59� [2.40, 2.78] 2.59� [2.48, 2.74]
Core functiona 	4.35 [	12.80, 4.11] 	1.32 [	3.96, 1.32] 	0.07 [	0.20, 0.06] 	0.10 [	0.21, 0.01]
# of Emps for Rmz 0.14 [	0.18, 0.47] 	0.08 [	0.19, 0.02] 0.01� [0, 0.01] 0.01� [0, 0.01]
Merger 4.10 [	5.15, 13.35] 0.17 [	2.70, 3.04] 0.13 [	0.01, 0.28] 0.02 [	0.11, 0.14]
Intervention 	10.51� [	19.57, 	1.45] 0.44 [	2.38, 3.26] 0.06 [	0.09, 0.21] 	0.01 [	0.14, 0.11]
6-m Wave 1.82 [	3.41, 7.04] 2.16� [0.55, 3.76] 	0.01 [	0.11, 0.10] 	0.06 [	0.15, 0.03]
12-m Wave 	3.75 [	9.00, 1.50] 	2.27� [	3.88, 	0.66] 0.01 [	0.10, 0.11] 	0.01 [	0.10, 0.08]
18-m Wave 0.52 [	5.04, 6.09] 2.16� [0.35, 3.77] 	0.09 [	0.20, 0.02] 	0.06 [	0.14, 0.04]
Intervention � 6-m Wave 9.13� [1.77, 16.48] 1.15 [	1.11, 3.41] 	0.16� [	0.31, 	0.01] 0.06 [	0.06, 0.18]
Intervention � 12-m Wave 8.65� [1.89, 16.12] 1.40 [	0.89, 3.69] 	0.25� [	0.40, 	0.10] 	0.05 [	0.17, 0.07]
Intervention � 18-m Wave 13.32� [5.36, 21.28] 1.25 [	1.19, 3.69] 	0.20� [	0.36, 	0.04] 0.06 [	0.07, 0.19]

Random effects
CS diagonal offset 901.97� 81.16� 0.38� 0.25
CS covariance 1,966.11� 170.94� 0.45� 0.33
Intercept 11.65 2.86 N/A N/A

Note. WASO � wake after sleep onset; CI � confidence interval; # of Emps for Rmz � number of employees for randomization; 6-m � 6-month;
12-m � 12-month; 18-m � 18-month; CS � compound symmetric. N/A � not available because covariance parameter is redundant and thus the confidence
interval could not be computed.
a The core function identifies groups in which most individuals were involved in software development; groups dominated by other IT jobs are the reference
group.
� p � .05.

Table 5
Sustainability of Intervention Effects From 6 to 18 Months

Predictor

Sleep outcomes

Actigraphic total sleep time Actigraphic WASO Insufficiency Insomnia

� 95% CI � 95% CI � 95% CI � 95% CI

Fixed effects
Intercept 445.67� [430.76, 460.58] 47.16� [42.94, 51.39] 2.55� [2.33, 2.78] 2.58� [2.39, 2.76]
Core functiona 	0.09 [	10.95, 10.77] 	1.36 [	4.33, 1.62] 	0.10 [	0.26, 0.05] 	0.05 [	0.18, 0.07]
# of Emps for Rmz 0 [	0.44, 0.42] 	0.05 [	0.17, 0.06] 0.01� [0, 0.01] 0 [0, 0]
Merger 	5.18 [	17.10, 6.73] 0.54 [	2.79, 3.87] 0.13 [	0.05, 0.31] 	0.03 [	0.18, 0.11]
Intervention 0.11 [	11.07, 11.30] 1.68 [	1.48, 4.83] 	0.09 [	0.27, 0.08] 0.03 [	0.10, 0.17]
Wave 	0.19 [	5.98, 5.61] 0.19 [	1.83, 2.21] 	0.05 [	0.18, 0.08] 0.02 [	0.08, 0.11]
Intervention � Wave 1.56 [	6.69, 9.82] 	0.55 [	3.42, 2.33] 	0.07 [	0.25, 0.18] 0 [	0.13, 0.14]

Random effects
CS diagonal offset 821.85� 101.37� 0.42� 0.23�

CS covariance 2,002.75� 167.74� 0.46� 0.33�

Intercept 128.06 3.64 N/A N/A

Note. WASO � wake after sleep onset; CI � confidence interval; # of Emps for Rmz � number of employees for randomization; CS � compound
symmetric. N/A � not available because covariance parameter is redundant and thus the confidence interval could not be computed.
a The core function identifies groups in which most individuals were involved in software development; groups dominated by other IT jobs are the reference
group.
� p � .05.
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a significant Intervention � Wave interaction (� � 0.13, t � 2.02,
p � .046), indicating that insomnia symptoms increased from 12 to
18 months. We then evaluated whether the confidence intervals in
Table 6 contained the previously computed criterion threshold
values. For example, the 5.33 criterion threshold value computed
for total sleep time was contained within the Treatment � Wave
interaction’s confidence interval shown in Table 6 [	2.72, 12.97].
Each of the criterion threshold values were contained by the
associated confidence intervals, and thus, all effects were sustained
from 12 to 18 months.

Indirect Effects

Using path modeling, we next tested Hypothesis 2 as to whether
intervention effects were mediated by changes in control over
work schedule and FSSB at 6 months and subsequent changes in
WTFC and family time adequacy at 12 months.2 See Figure 4 for
the model that was tested. Results indicate a significant conditional
indirect effect, controlling for all other variables in the model, of
the intervention on 18-month total sleep time through increases in
6-month control over work schedule and 12-month family time
adequacy (indirect effect � .73, p � .03).3 A significant direct
effect of the intervention on total sleep time was also found with
the path model, indicating partial mediation. This finding suggests
that participation in the intervention group led to increases in
employees’ control over work schedules. This in turn resulted in
employees experiencing more adequate time with family and more
distally, a greater ability to obtain longer sleep durations over time.
However, evidence of partial mediation suggests that the interven-
tion may have influenced other unmeasured mediators that had an
impact on total sleep time, as well. Thus, Hypothesis 2 was
partially confirmed.

Discussion

Workplace interventions are difficult to sustain, and workplaces
have invested relatively little effort into understanding how to

improve the organization of work to benefit health and well-being.
The results of this study indicate that a work–family intervention’s
effect on certain aspects of sleep is not only maintained at 18
months but also occurs through a longitudinal mediation with
intended intervention targets at both 6 and 12 months. These
effects are further bolstered by the adjusted means presented in
Table 2, indicating that the hypothesized intervention targets im-
proved over time. Moreover, both aspects of sleep quantity (i.e.,
actigraphic total sleep time) and sleep quality (i.e., sleep insuffi-
ciency) are improved a year and half after the intervention’s
implementation and no significant decay is seen from 12 to 18
months postbaseline. These findings demonstrate the sustainability
of the intervention in question for two of the four sleep outcomes
evaluated.

Furthermore, we find that increases in 6-month control over
work schedule and 12-month family time adequacy act as media-

2 Change-on-change analyses revealed significant and positive interven-
tion effects on control over work hours at 6, 12, and 18 months post-
intervention. A significant and positive intervention effect was found for
FSSB and family time adequacy at 18 months postintervention, whereas a
significant and negative intervention effect was found for WTFC at 18
months post-intervention. We have omitted the details of these results from
the article’s text and tables for the sake of brevity.

3 Subsets of mediational paths from this larger model with all study
variables included were also tested in a series of separate fully saturated
models to determine whether suppression effects were present in the larger
model. If suppression effects were present, some significant conditional
indirect effects might not be seen in the larger model but would be seen in
the smaller models evaluating individual mediations. In line with results
from the larger model, a significant indirect effect was found from the
intervention to 18-month total sleep time through 6-month control over
work schedule and subsequently 12-month family time adequacy. No other
significant indirect effects were found with the other smaller models, which
evaluated the intervention’s effect on 18-month sleep outcomes through
6-month control over work schedule and FSSB, and subsequently 12-
month family time adequacy and WTFC in all possible combinations.
Thus, we conclude that no suppression effects were present in the larger
model.

Table 6
Sustainability of Intervention Effects From 12 to 18 Months

Predictor

Sleep outcomes

Actigraphic total sleep time Actigraphic WASO Insufficiency Insomnia

� 95% CI � 95% CI � 95% CI � 95% CI

Fixed effects
Intercept 434.87� [419.72, 450.03] 42.07� [38.09, 46.05] 2.55� [2.31, 2.80] 2.59� [2.40, 2.78]
Core functiona 	0.68 [	11.44, 10.08] 	1.40 [	4.10, 1.31] 	0.07 [	0.24, 0.10] 	0.11 [	0.24, 0.02]
# of Emps for Rmz 0.03 [	0.41, 0.46] 	0.05 [	0.16, 0.05] 0.01� [0, 0.01] 0.01� [0, 0.01]
Merger 3.60 [	8.39, 15.60] 1.05 [	2.06, 4.16] 0.19 [0, 0.38] 0.03 [	0.12, 0.18]
Intervention 1.85 [	9.25, 12.95] 2.33 [	0.55, 5.20] 	0.23� [	0.41, 	0.05] 	0.11 [	0.25, 0.03]
Wave 4.45 [	1.02, 9.93] 4.33� [2.57, 6.10] 	0.09 [	0.20, 0.03] 	0.05 [	0.15, 0.04]
Intervention � Wave 5.13 [	2.72, 12.97] 	0.02 [	2.55, 2.50] 0.03 [	0.13, 0.20] 0.13� [0, 0.26]

Random effects
CS diagonal offset 755.05� 79.69� 0.35� 0.21�

CS covariance 2,040.28� 158.20� 0.46� 0.34�

Intercept 104.79 N/A 0.02 N/A

Note. WASO � wake after sleep onset; CI � confidence interval; # of Emps for Rmz � number of employees for randomization; CS � compound
symmetric. N/A � not available because covariance parameter is redundant and thus the confidence interval could not be computed.
a The core function identifies groups in which most individuals were involved in software development; groups dominated by other IT jobs are the reference
group.
� p � .05.
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tors of the intervention’s effect on 18-month actigraphic total sleep
time. As such, we provide some support for COR theory and
Hobfoll’s (1989) propositions that resources can help prevent
strain outcomes. Our findings might suggest individuals did not
have the same need to borrow time from sleep to accommodate
family or work demands, and thus, were able to allocate more
hours to sleep on average, even when sleep was measured at a
distal time point 18 months after the intervention. Through eval-
uating additional mediators, we add to Olson et al.’s (2015) work
by providing a comprehensive theoretical understanding of how
the intervention improved sleep outcomes. This also points to the
reality that, at least in this sample, control over work schedule was
a critical resource for improving sleep outcomes, when compared
with FSSB. These findings are consistent with those of Basner,
Spaeth, and Dinges (2014), in that they identified challenges in the
time domain as key determinants of sleep adequacy.

Our results indicate that intervention effects on total sleep time
and sleep insufficiency present at the 12-month follow-up are
maintained through the 18-month follow-up. As seen in Table 4,
the treatment group experienced an �9-min per day increase in
total sleep time relative to the usual practice group at 6 months
compared with baseline, and an �9-min per day average increase
in total sleep time relative to the usual practice group at 12 months
compared with baseline. Furthermore, an �13-min increase in
total sleep time per day was experienced by the intervention group
relative to the usual practice group at 18 months compared with

baseline. Thus, no decay and actually an increase in total sleep
time is seen over an additional 6 months to the 18-month time
point, although the effect is not significant. The intervention ef-
fects correspond to about one extra hour of sleep per week.

We had posed our predictions around the sustainability of the
intervention effect as a research question rather than a hypothesis,
given current uncertainty in the existing literature. Specifically, COR
theory (Hobfoll, 1989) leads us to the conclusion that, with the
addition of resources provided by the WFHS intervention, we would
expect increases in sleep quantity and quality 6 months beyond the
12-month time point (i.e., gain spirals). In contrast, Ford et al.’s
(2014) meta-analytic findings suggest that sleep effects may be sus-
tained over time, given that lagged effects of stressors on physical
strains tend to be small and difficult to detect. As a nonsignificant,
albeit trending, increase in total sleep time from 12 to 18 months was
found in our study, we conclude that our results best support Ford et
al.’s (2014) work rather than COR theory. It is noteworthy, however,
that Ford et al.’s (2014) work is not specific to interventions, but
rather stressor–strain relationships more generally.

Regardless, given our trending increase in total sleep time, we
believe that future interventions may in fact find sleep to further
increase with successive time points beyond the 18-month mark
and/or the addition of other resources (e.g., booster trainings, an
individual-level sleep intervention component). It may also be the
case that other physical health outcomes would respond more
sensitively to the intervention, thereby representing the gain spiral
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Figure 4. Empirical results of the intervention on 18-month sleep outcomes process model. Control variables
(i.e., core function, number of employees for randomization, and merger announcement) and covariances (i.e.,
between control over work schedule and family supportive supervisor behaviors, family time adequacy and
work-to-family conflict, and among sleep outcomes) are not shown for parsimony. Bold arrows depict significant
direct effects, bold dashed arrows depict significant indirect effects, and gray arrows depict nonsignificant direct
effects. � p � .05.
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processes Hobfoll (1989) hypothesized. With increasing interven-
tion research that aims to improve workplace resources, scholars
should closely evaluate the process by which the implementation
of new resources leads to additional resources in a gain spiral
framework, while also collecting data at frequent successive time
points to more accurately model any complex trajectories in out-
comes over time. Lastly, as Ford et al. (2014) suggested, large
sample sizes are needed to detect even small lagged effects.
However, if small lagged effects are found, these are likely to have
important clinical implications.

The public health relevance of the intervention is important given
the goals of Healthy People 2020 (U.S. Department of Health and
Human Services, 2010) and other initiatives to improve sleep health at
the population level. Of note, the intervention effect sizes found are
small, but the intervention also did not directly engage sleep behavior
modification at the individual level. Rather, this intervention focused
on improving structural workplace factors that limit the employee’s
ability to obtain adequate sleep. These findings provide valuable
evidence supporting the initiatives of the Centers for Disease Control
and Prevention/National Institute for Occupational Safety and Health
to better understand the role of work in sleep health (Jacobsen et al.,
2014) including interventions already developed for health care work-
ers (Caruso et al., 2015). These results can be used in persuading
organizational decision-makers to adopt such an intervention, while
also informing future research that aims to further refine this prom-
ising intervention and evaluate whether stronger effects are found and
whether effects are seen beyond 18 months. Health care providers
may find value in evaluating work-related issues in patients exhibiting
signs of deleterious health consequences of inadequate sleep.

We do not find support for the intervention’s effect on either
actigraphic WASO or insomnia symptoms at the 6-month or 18-
month follow-up. Although some research has found a relationship
between work–family stress and difficulty initiating or maintaining
self-reported sleep (Crain et al., 2014; Lallukka et al., 2010), we are
unaware of any intervention studies that have included such variables.
These results are surprising given that the resources supplied by the
intervention should have resulted in decreased strain that can result in
difficulty falling asleep. These results are not in line with COR theory
(Hobfoll, 1989), and it may be that these are aspects of sleep quality
that are less likely to be improved through the provision of organi-
zational resources, such as control over work schedule and FSSB. In
fact, we find that insomnia symptoms actually worsen from 12 to 18
months.

When an individual is clinically diagnosed with insomnia,
individual-level behavioral and/or pharmaceutical treatments are often
administered (Drake, Roehrs, & Roth, 2003). Although we do not
address insomnia as a disorder in this study, we do evaluate the lower
grade manifestations of insomnia symptoms and WASO. Given the
focus on behavioral treatments for insomnia disorder in both literature
and practice, it’s likely that individual behavior change is necessary
for insomnia symptom and WASO improvement, as well. For exam-
ple, Bootzin and Epstein (2011) explained that poor sleep habits, such
as irregular sleep–wake schedules, dysfunctional cognitions such as
worry, and physiological, emotional, and cognitive arousal are the
primary factors targeted within insomnia treatments. Although the
intervention was designed and found to decrease work–family stres-
sors, it did not address individuals’ sleep habits, ability to control
unwanted cognitions during the day or before bed, or ability to engage
in de-arousal strategies. As we explain in more detail later in the text,

future organizational interventions may be more efficacious in im-
proving insomnia symptoms and WASO if combined with individual
training targeting these behaviors (Barnes et al., 2017; Thiart et al.,
2016). More generally, there is a need for future research to test this
intervention in other industries to determine if effects are present and
consistent in lower wage samples, for instance, and whether moder-
ating effects are present for workers with different types of family
demands as has been shown in other recent work (Kossek et al.,
2017).

Future Directions and Limitations

Findings from the current study provide a foundation for future
intervention research targeting sleep as a health outcome. Such studies
should continue to use longitudinal designs, with follow-up data
collections extending past the 18-month mark. Given intervention
effects were found on sleep at both the 12- and 18-month follow-up,
it’s likely that such effects were sustained and maybe even improved
after this time.

A limitation of this study concerns our inability to speak to
which aspects of control over work schedule were used by em-
ployees, which in turn resulted in reports of more adequate time
with family and consequently longer sleep durations. To this end,
other sleep researchers (Basner et al., 2014) have proposed com-
mute time as a target for future interventions, as commute time is
reciprocally related to sleep. Thus, employees in this study may
have been teleworking more and commuting less, allowing for
more sufficient time with family. Alternatively, employees may
have been choosing different times during the day to work, allow-
ing them to be available for family during more critical periods of
the day (e.g., family member doctor visits, dinner time), as op-
posed to being available for just more time during the day.

In addition, alternative proximal and distal mediators should be
examined, given our results indicating a partial mediation through
control over work schedule and family time adequacy. For example,
other time-based measures may be incorporated, such as commute
time or work-related technology use in the home domain. Alterna-
tively, strain-based measures may also play mediator roles, such as
rumination or worry.

It should also be noted that although a strength of this study is
that we have measures of both objective and subjective sleep,
which the literature has shown are related to unique antecedents,
this study is part of interdisciplinary intervention work on linkages
between sleep, health, and work–family conflict. As a result, we
had to be parsimonious in how we measured sleep. Thus, we
focused on capturing theoretically meaningful objective and sub-
jective measures of sleep quantity and quality that were relevant
for the current study. Although actigraphic software often provides
a number of variables in addition to total sleep time and WASO
(e.g., sleep efficiency or the ratio of total sleep time to time in bed,
onset latency or the amount of time it takes to fall asleep, number
of awakenings during the night), we chose those variables with
high clinical utility and those that have been well-validated against
polysomnography, the gold standard for measuring sleep (Marino
et al., 2013; Winkelman et al., 2008). Furthermore, rather than
relying solely on the standard algorithmic output from the actig-
raphy software, we used a rigorous scoring procedure outlined by
Marino et al. (2013), allowing for the computation of total sleep
time and WASO. In line with our discussion of actigraphy limi-
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tations in the method section, it is important to point out that
actigraphy tends to have high sensitivity (i.e., actigraphic sleep
closely matches polysomnographic sleep), but specificity tends to
be lower (i.e., actigraphic wake time does not always closely
match polysomnographic wake time; Marino et al., 2013). As a
result, actigraphic measures that are derived from wake time (e.g.,
WASO, sleep efficiency) can be less valid if individuals experi-
ence high amounts of time awake during sleep. Aside from objec-
tive measures of sleep, researchers should consider using addi-
tional self-report measures of sleep in future studies that are
well-validated with modern psychometric techniques (Yu et al.,
2012).

The intervention used in the current work was aimed primarily at
improving the organizational factors of control over work schedule
and FSSB, representing an approach to health protection. However,
effects on sleep may have been stronger and more numerous had this
intervention also incorporated training aimed at individual sleep hy-
giene behaviors combined with increasing control over work and
FSSB. As such, Hammer and Sauter (2013) suggested that these
integrated Total Worker Health interventions, with both health pro-
tection and health promotion aspects, are ideal for affecting work–
family outcomes and subsequently health. As described in further
detail in the following text, potential health promotion aspects could
include sleep education and sleep hygiene training, mindfulness train-
ing, cognitive–behavioral training, and/or strategies for de-arousal
both during the day and before bed. In many ways, this is a protection-
oriented intervention that may proactively help improve sleep quality
as a health pathway where individual-level sleep training would be
more of health promotion targeting individual change. On the other
hand, teaching supervisors how to be more supportive of sleep health
in their employees, which could include support for control over work
as a way to further support increasing sleep hygiene, may be consid-
ered a health protection approach (similar to FSSB training), as it
would address how the structure and culture of the organization of
work affects employee sleep and health. Integrating individual-level
training with the current health protection intervention would repre-
sent an integrated intervention such as that suggested in the Total
Worker Health approach.

The first of these suggested components, sleep education and
sleep hygiene training at the individual employee level, may be
particularly useful in changing behaviors that are related to the
timing and duration of sleep, in addition to the consistency of sleep
schedules. Such schedules may involve providing individuals with
information around the function of sleep, sleep needs, circadian
rhythms, and developmental changes in sleep over the life span.
Sleep hygiene training with employees could provide information
on those behaviors that will lead to improved sleep, such as the
avoidance of caffeine, nicotine, alcohol, the reduction of bedroom
noise, techniques for stress management, and the importance of
regular exercise (Irish, Kline, Gunn, Buysse, & Hall, 2015). As
mentioned earlier, this type of individual-level intervention could
be further enhanced with a supervisor training component that
encourages support for employee sleep hygiene behaviors.

Future interventions may make use of cognitive–behavioral train-
ing and/or training focused on strategies for de-arousal. Although we
suggest some specific intervention strategies earlier that represent a
viable avenue for future research, we also acknowledge that these
tactics may be less effective for individuals who are older or who have
other comorbid medical psychiatric, sleep, or substance use disorders,

given that these are risk factors for clinical insomnia disorder
(Schutte-Rodin, Broch, Buysse, Dorsey, & Sateia, 2008). Recom-
mended psychological and behavioral therapies for insomnia disorder
include cognitive–behavioral therapy and/or relaxation therapy, but
insufficient evidence exists suggesting that sleep hygiene is an effec-
tive treatment in and of itself (Schutte-Rodin et al., 2008). Thus,
elements of cognitive–behavioral and relaxation training should be
used when designing future interventions that are intended to be
efficacious for a variety of individuals.

Practical Implications

As rigorous evidenced-based workplace interventions become
more common, policymakers, organizations, and employees must
be reassured of a program’s effectiveness in both the short-term
and long-term time period following the intervention. Given the
well-established literature indicating that tired workers are more
likely to experience accidents (Uehli et al., 2014), lowered perfor-
mance (Philibert, 2005), and eventual chronic illness (Buxton &
Marcelli, 2010), organizations should consider the efficacy of both
organizational and individual interventions targeting employee
sleep. Current consensus recommendations for sleep include the
recommendation to obtain at least 7 hr per night on a habitual
basis, and modifying work practices to protect time for sleep is an
important step toward this goal of reducing the population-level
burden of sleep deficiency (Watson et al., 2015). Our mediation
findings suggest that employee control over work schedule is a key
factor for employees’ time with family and time for sleep. Orga-
nizations that may not have the resources to undergo a large-scale
intervention as described here, may choose to focus on improving
employees’ ability to determine when and where they work.

Conclusion

Organizations and individuals are more likely to invest in and adopt
a program, despite scarce resources, if the research can provide
evidence of sustained benefits. There is also a need to illuminate the
time frames within which intervention effects are sustained so that
interventions can be tailored, adjusted, and augmented in future stud-
ies for more robust and lasting effects. Interventions should not be
labeled as good or bad, but rather should bring to light aspects of the
program that can be revised in future iterations (Goldstein & Ford,
2002). With its focus on sustainability of intervention effects, the
current study contributes to a new area within the organizational and
implementation science fields. These results provide a foundation for
future intervention research that targets a range of variables in an
effort to improve sleep over time, a critical factor for long-term health
and well-being that is quickly becoming a national priority.
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