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Abstract

Objective: To assess changes in employees’ sedentary behaviour following a brief self-directed
intervention in a flexible workplace.

Methods: 30 employees (69% female; 39.5+9 years) completed an online questionnaire before
and after a six-week intervention. The intervention comprised one group-based action planning
session, using a smart activity tracker for self-monitoring, weekly email reminders and a healthy
living seminar.

Results: Total self-reported sitting time (including occupational and non-occupational sitting)
decreased non-significantly on days when working at the office (MA = -56mins/day, 95% CI -
128.5, 17.0) and increased non-significantly when working at home (MA = 20.5mins/day, 95%CI
-64.5, 105.5). The program had high acceptability in this participant group.

Conclusions: Brief self-directed interventions using activity tracker devices show promise and
may be highly acceptable in a flexible workplace. Additional strategies may be needed to create
change in sedentary behaviour.

Keywords: Flexible work, physical activity, sedentary behaviour, sitting, workplace, office
workers, intervention
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Introduction

The workplace is a key contributor to the total time that individuals spend in sedentary
behaviour, particularly in white-collar occupations. Studies have shown that office workers are
more sedentary on work days than on non-work days, and that up to 81% of work time is spent in
sedentary behaviour (1, 2). Occupational sitting has been positively associated with obesity and
common workplace injuries such as back and neck pain (3-5). This may lead to increased
financial costs to organisations, as overweight and obese employees have increased rates of
absenteeism and productivity loss at the workplace (6-8). High levels of sedentary behaviour are
also positively associated with metabolic risk factors and cardiovascular disease (9-11).
Furthermore, there is emerging evidence that sedentary behaviour is inversely associated with
positive mood and wellbeing (12, 13). Given the high levels of sedentary behaviour in office
workers and the significant potential adverse outcomes, there is a strong rationale for the
workplace as a prime intervention setting for health promotion targeting sedentary behaviour.

Traditionally, workplace health promotion interventions have focused on the workplace as a
static environment with strategies attached to a physical location. However, large-scale
advancement in technology has facilitated a fundamental shift in where and how work is
performed (14). This changing work environment enables flexible working conditions that allow
employees to adjust work schedules and work ‘remotely’ in different locations. Around a
quarter (24.1%) of employees report completing at least some work at home (average 3 hours
per day) on a regular basis (15). Contemporary workplace health promotion programs need to
consider this shift to flexible work arrangements when planning and implementing interventions.
Employees are in the workplace at varying times and strategies must be accessible to participants
regardless of location.

Successful workplace health promotion programs tend to include the involvement of employees
in the research process and deliver interventions that are tailored to the work group (16, 17). The
most promising behaviour change strategies for sedentary behaviour interventions are self-
monitoring, problem solving and restructuring the physical or social environment (18). These
principles and strategies provide a useful framework for designing sedentary behaviour
interventions in flexible workplaces.

Activity trackers are an easily accessible device for self-monitoring activity patterns (19).
Activity trackers (e.g. Fitbit, Jawbone, Garmin), or 'wearable technology' typically allow the user
to track movement patterns relating to physical activity, sedentary time and sleep. These devices
have been shown to be effective in physical activity interventions (20-22). Trackers also support
self-monitoring through real-time feedback and behavioural prompts. Some devices include
features such as an idle alert which prompts the user to move after a pre-determined period of
inactivity (19). Studies have shown that prompts through digital technology, such as smart-
phone applications, are effective in reducing sitting time in adults (23, 24). This would suggest
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that activity trackers with electronic behaviour prompts may be an appropriate tool in sedentary
behaviour interventions in a flexible workplace, as the devices are not connected with the
physical worksite.

Problem solving techniques are a natural complement to self-monitoring for behavioural change.
Problem solving involves identifying barriers to behavioural change and the tools and resources
that can assist individuals to overcome these barriers. Barriers can include cognitive, emotional,
physical, social and/or environmental factors, as well as competing goals. Problem solving is
closely related to action planning, which involves detailed consideration of what the person will
do (which in turn relates to goal setting) contingent to a specific situation (25). Action planning
and goal setting, as well as information sessions, are common strategies in workplace sedentary
behaviour interventions. These strategies have been shown to be effective in reducing sedentary
behaviour when used in conjunction with other strategies, such as an environmental change or
electronic prompts (26-28).

Environmental changes in sedentary behaviour interventions in the workplace tend to focus on
restructuring the physical environment (29, 30). Typically, these interventions have provided
equipment such as a sit-to-stand workstation, in combination with other behaviour change
strategies (e.g. goal setting, motivational interviewing). Whilst these types of interventions have
been effective in reducing sedentary time (29-31), these may not be appropriate in a flexible
workplace where it may not be feasible to modify workstations across multiple locations,
including employee residences.

Targeting the social environment may be more feasible in a flexible workplace. Social support is
positively associated with participation in workplace health activities (32), and social strategies
can increase physical activity in workers (33, 34). Some of the social strategies that have been
shown to be effective for physical activity behaviour change are buddy systems, and instructor-
led activities with personal follow-ups (33). Virtual social connections and electronic
communication may suit flexible workplaces, with options such as online resources, social media
platforms and phone applications (e.g. smart tracker apps). A qualitative study on employee
preferences for workplace health promotion indicated that social connections are especially
important in a flexible workplace, as these relationships may potentially be comprised due to
dispersed work locations (35).

The primary aim of this exploratory study was to assess change in office employees’ sedentary
behaviour following a brief self-directed intervention in a flexible workplace. The intervention
included behaviour change strategies of problem solving and action planning, self-monitoring,
and social support. The secondary aims were to assess the acceptability of the intervention and
change in employees’ physical activity.
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Method

Study Design & Recruitment

This study used a single group pre-post design. Participants were employees from two business
units (N=113 employees) at a financial services organisation based in Brisbane, Australia. The
organisation had implemented a flexible work policy in the preceding twelve months that
allowed employees to self-manage working hours and to work from home on one or more days
per week.

During recruitment, multiple information sessions were held at the workplace to present the
study aim and requirements. All staff received an email invitation which included a link to
complete online consent and registration for the study. Registration included one screening
question to identify whether individuals had access to a smart phone or tablet that was
compatible with the activity tracker (Jawbone) technology. People who did not have access to a
compatible device were ineligible for the study (N=2).

Participants completed assessments one week prior to the intervention (pre) and again at the
completion of the six-week intervention (post). Participants were allowed to complete the online
survey during normal working hours and no incentives for participation were offered. Study
protocols were approved in accordance with the ethical review guidelines and processes of The
University of Queensland Human Research Ethics Committee.

Intervention

The intervention was developed using formative research with the participating workplace (35).
The key behaviour change techniques focused on self-monitoring, problem solving and social
support. These are consistent with the social cognitive constructs of self-regulation, facilitation
and the environment (36). The social cognitive framework is a useful tool for developing
interventions as it provides principles and mechanism that can inform, guide and motivate people
through behavioural change (37). The intervention strategies comprised: one group session for
problem solving, goal setting, and action planning; provision of an activity tracker for self-
monitoring and social support; weekly reminder emails and a healthy living seminar.

Participants attended an initial onsite group action planning session (90 minutes duration) during
work hours. Three sessions were held at different times and days to accommodate flexible
working arrangements. At this session, participants received verbal and written information on
the national sedentary behaviour guidelines (38) and an overview of the current evidence of risks
associated with prolonged sitting (9, 11, 39). After facilitated small group discussions, each
participant developed a personalised action plan for the 6-week period, which included setting
goals and actions for reducing sitting time, identifying potential barriers to achieve the change
and strategies to overcome the identified barriers.
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At the end of the session, participants received a Jawbone smart tracker device and were
provided with information on features for self-monitoring and social connectedness that could be
accessed using the associated app (e.g. idle alert, compatible apps). The Jawbone is a wrist-worn
device that tracks time spent in idle activity (with vibration to alert the user to a period of
inactivity). It allows tracking of steps and distance taken, energy expenditure, and additional
information such as sleep, nutrition and exercise workouts. The device also includes a social
network component available through the app. This allows users to set up their own online
teams (and friends). Users can then choose to share part or all of their data with the team, see
results and progress towards individual goals for team members, and comment on these results.

Weekly emails with links to sedentary behaviour change resources were sent to all participants.
The purpose of these emails was to act as a reminder of the program and to provide links to
existing organisational resources. These resources included a workstation ergonomic setup tip
sheet, examples of stretches that can be completed at a workstation (neck, shoulders, arms, back
and legs) and tips to be active (e.g. stand up while waiting on hold on the telephone, make a deal
with a colleague to prompt each other to get up from the desk).

Participants were also invited to attend a healthy living seminar during week 4 of the
intervention. This was intended as another reminder of the ongoing program, and to provide
another forum for social connections. By popular request, this focussed on the impact of
sedentary behaviour on back pain. The session was delivered by one the researchers (TKA) who
has expertise in exercise physiology and public health. The seminar was delivered at the
worksite (60 minutes duration). Two sessions were held at differing times and days to
accommodate flexible working arrangements. The session included information on physiology,
pain management and techniques to reduce sitting time at work.

Measures
Sedentary Behaviour

Sedentary behaviour was assessed using the Workforce Sitting Questionnaire (40). Participants
were asked to report sitting time (hours and minutes) in five domains (work, travel, television,
electronic device use for leisure, and other leisure). An adapted version of the questionnaire was
used with items split to ask about sitting time on each of a usual work at home day and a usual
work at the office day. The original questionnaire has high test-retest reliability for weekday
sitting at work, watching television and computer use (r=0.84-0.78 and acceptable validity
against accelerometer data (40, 41). Sitting time was measured across all domains to capture
potential displacement of sitting time as participants self-managed their flexible work patterns
(e.g. sitting for travel may reduce, or sitting for leisure may increase, as participants work from
home). Results focus on overall sitting time (occupational and non-occupational) and
occupational sitting time, for each of a usual day working at home and a usual day working at
the office.
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Accelerometers (Actigraph GT3X+) were used to objectively measure sedentary behaviour.
These devices have been shown to be reliable for measuring sedentary behaviour (42).
Participants were asked to wear the accelerometer on a waist belt for 24 hours per day for seven
consecutive days. Participants were also asked to record any time they removed the
accelerometer (e.g. shower, sleep) and whether they were working from home, working from
work or if it was a non-work day in a log sheet.

Physical Activity

Self-reported time spent in physical activity was assessed using items from the Active Australia
survey (43). An adapted version of the questionnaire was used, with separate items to assess
walking to get to or from places and walking for recreation. Participants reported the total
number of sessions (frequency) and total time (duration) spent walking for recreation or exercise
for at least 10 minutes at a time, walking to get to or from places for at least 10 minutes at a time,
vigorous gardening or heavy work around the yard which made you breathe harder or puff and
pant, vigorous physical activity (e.g. jogging, cycling, aerobics), and other moderate intensity
activities (e.g. gentle swimming, social tennis) during the past week. Reliability coefficients for
each domain of physical activity range from 0.56—0.64, and correlations between self-reported
physical activity and objectively measured activity are 0.43 and 0.52 for pedometer and
accelerometer data respectively (44). Physical activity was also assessed objectively using the
data from the Accelerometers (Actigraph GT3X+).

Participant characteristics Participants were asked to complete a brief questionnaire with items
about gender, age, living situation/ marital status, general health, height and weight. Work
specific questions included years of service and mode of transportation to work.

Acceptability: In the post intervention questionnaire, participants were asked to rate their
agreement/disagreement with six statements using a 5-point Likert scale. Items asked about
overall satisfaction with the program, program suitability for a flexible work environment,
usefulness of the tracker for changing behaviour and usefulness of the tracker features.

Data management

Sedentary Behaviour: Total self-reported time spent sitting was calculated as the sum of daily
time spent in each domain (work, travel, television, electronic device use for leisure, and other
leisure). Data were grouped by usual day working at home and usual day working at the office.

Extreme values by domain were determined as: >180mins/day for travel, >720mins/day for
work, and >480mins/day for the leisure related domains (television, electronic device use for
leisure, other leisure). Extreme baseline (pre) domain values were imputed with the sample
mean. Extreme post-intervention domain values were recoded with the case pre-value to allow
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for a conservative ‘no change’ between time points. Extreme values for overall sitting time
(>960mins/day) were then truncated to 960mins/day.

Extreme values were identified on work at the office days for travel (n=1) and on work at home
days for travel (n=1) and electronic device use for leisure (n=2). Extreme overall sitting time
was identified on work at the office days (n=2) and work at home days (n=3). If usual hours
working at home were reported as 0 at post-test, then sitting time on a work at home day was
adjusted to a null value for all domains (n=5). If usual hours working in the office was reported
>0 and sitting time in the work domain on a work at the office day was reported as 0, then the
domain value was recoded with the sample mean (n=1).

Accelerometer data were included if the monitor was worn for a minimum of 600 minutes per
day over at least three (3) days. Non-wear time (determined as more than 60 minutes of
consecutive zeros) was excluded from analyses (45). Time spent in sedentary, light, moderate
and vigorous activity was be determined using the Troiano et al. (46) cut-points, through the
Actilife data analysis software.

Physical Activity: Overall self-reported time spent in physical activity was determined as the
sum of time (mins/week) spent in moderate, walking (both transport and exercise/recreation) and
vigorous activity (excluding gardening), with vigorous activity time weighted by a factor of two
(2) to reflect its higher intensity (43).

Extreme values were determined, a priori, as >840mins/week for a single activity type and
>1680 weighted mins/week for overall time spent in physical activity. No extreme values were
identified.

As all fields were mandatory in the online survey, there were no missing data.

Statistical Analyses

Mean change (95% CI) was used to assess change in self-reported time spent sitting on a usual
work at home day and usual work at the office day, accelerometer minutes per day by activity
category and self-reported physical activity for the past week. Analyses were completed using
SPSS v24.

Results

Participant recruitment

An overview of participant recruitment is included in Figure 1. Thirty employees (26.5% of
invited participants) completed the study. Just less than two thirds (61%) of baseline participants
completed post-intervention assessments. Reasons for not completing full assessments were
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provided voluntarily to the researcher and included unplanned leave, leaving the department and
withdrawal from the study (N=19).

Insert Figure 1 about here

Participant characteristics

Mean age of the 30 participants was 39.5£9 years, 69% were female and 85% had been
employed with the organisation for more than 2 years. Participant characteristics are shown in
Table 1.

Insert Table 1 about here

Sedentary Behaviour
Self-reported sitting times in each domain on work days are presented in Table 2.

Total sitting time (including occupational and non-occupational sitting) on a usual day when
working at the office decreased non-significantly by 56 minutes (95% CI -128.5, 17) from
baseline to post- intervention. At an individual level, 14 participants (47%) decreased overall
sitting time when working at the office by at least 30 minutes per day and among these, the
average decrease was 206 minutes per day. Twelve participants (40%) decreased overall sitting
time by at least 60 minutes per day when working at the office, with an average decrease among
this group of 234 minutes per day.

Total sitting time on a usual day when working at home increased non-significantly by 20.5
minutes (95% CI -64.5, 105.5) per day. At an individual level, 12 participants (40%) decreased
overall sitting time when working at home by at least 30 minutes per day, and among these, the
average decrease was 136 minutes per day. Eight participants (27%) decreased overall sitting
time when working at home by at least 60 minutes per day with an average decrease among this
group of 199 minutes per day. Individual change plots are available in Supplemental Digital
Content 1, http://links.Iww.com/JOM/A463.

Insert Table 2 about here

Sitting time for work decreased non-significantly by 21 minutes (95% CI -71, 82) per day from
baseline to post- intervention on days when working at the office. At an individual level, 11
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participants (37%) decreased overall work-related sitting time at the office by at least 30 minutes
per day and among these, the average decrease was 151 minutes per day. Ten participants (33%)
decreased overall sitting for work when working at the office by at least 60 minutes per day, with
an average decrease among this group of 163 minutes per day.

Sitting time for work decreased non-significantly by 12 minutes (95% CI -83, 60) per day from
baseline to post- intervention on days when working at home. At an individual level, 13
participants (43%) decreased overall work-related sitting time when working at home by at least
30 minutes per day and among these, the average decrease was 145 minutes per day. Nine
participants (30%) decreased overall sitting for work when working at home by at least 60
minutes per day with an average decrease among this group of 197 minutes per day. Individual
change plots by domain are available in Supplemental Digital Content 2,
http://links.lww.com/JOM/A464.

Insert Table 3 about here

Accelerometer data indicated no change in in sedentary levels from baseline to post-intervention
(see Table 3).

Overall self-reported time spent in physical activity increased non-significantly after the
intervention (MA = 19 mins per week, 95% CI -177, 139).

Intervention acceptability

This program had high acceptability with this participant group (see Table 4). The majority
(90%) of participants reported that they were satisfied or very satisfied with the program.
Participants agreed/strongly agreed that the intervention was suitable for a flexible work
environment (95%), that they liked to be able to monitor their own behaviour (89%), and that the
tracker was a useful tool for helping to change behaviour (83%). The following features of the
activity tracker were identified as most useful by participants: step count, % activity target, idle
alert, summary pages (charts), and the following features were least useful: calorie tracking,
workout log, food log, associated apps, goals.
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Insert Table 4 about here

Discussion

This study assessed change in employees’ sedentary behaviour following a brief self-directed
intervention using a smart tracker in a flexible workplace. Analyses indicated a non-significant
reduction in self-reported total time and work-related time spent sitting on a usual day working
from the office, and in work-related sitting time on a usual day working from home. There was
also a non-significant increase in self-reported total time spent sitting on a usual day working at
home. The program had a high level of acceptability with this workplace and participants
reported that the tracker was a useful tool to help change behaviour.

There was a non-significant decrease of just under an hour per day from baseline to after the six-
week intervention in self-reported total time spent sitting on a usual day when working at the
office. Whilst there was a non-significant change post-intervention overall, almost half of the
participants decreased their self-reported overall sitting time on a usual day when working at the
office by at least 30 minutes per day and 40% of participants decreased sitting time by at least 60
minutes per day. Previous studies have found that problem solving techniques such as action
planning and electronic prompts were effective in reducing sitting time at work (23, 24, 26).
Anecdotally, participants indicated that the intervention provided a level of comradery in the
office and so they were more likely to prompt each other to move or to comment on others’
results (which were visible through the app) when at the office. Previous studies have shown
that social support is positively associated with participation in workplace health activities (32),
and that potentially this need for social support may be elevated in a flexible workplace, as day-
to-day social interactions may be diminished (35). Further investigation is needed to determine
the impact of social support in flexible workplace interventions.

The lack of office comradery for change may have contributed to the lack of improvement in
overall sitting time when working at home. There was a non-significant increase of 20.5 minutes
per day in self-reported sitting time on a usual day when working at home. Previous studies have
indicated that employee sitting patterns are negatively impacted by the introduction of flexible
work (35, 47). It is possible that the lack of other work-related activities (e.g. telephone calls,
meetings/interactions with colleagues) in a home environment allows for a greater focus on work
tasks, which in turn may reduce the effectiveness of prompts that can be easily ignored or
delayed. Whilst there was non-significant change post-intervention overall, 40% of participants
decreased their self-reported overall sitting time by at least 30 minutes per day when working at
home and almost a quarter of participants decreased their sitting time by at least 60 minutes per
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day. Further investigation is required to understand the variability in these results and how a
flexible work environment may influence sitting time when working at home.

This study demonstrated that the brief intervention using activity trackers was highly acceptable
in this flexible workplace. Participants reported that they liked to monitor their own behaviour
and that the tracker was a useful tool to create positive change. This is interesting to note given
that there were no significant changes in sitting time. The intervention protocol may therefore
benefit from a mid-point review to provide feedback on progress, so that participant perceptions
and actual behaviour change can be compared. The Jawbone smart tracker device was chosen
for this study as it had an inbuilt idle alert that could be used to prompt reductions in prolonged
sitting time. However, it is still primarily a device to track and increase awareness of activity
levels (step count, exercise, etc), and so it may be less effective in increasing awareness of and
changing sedentary behaviour. This is consistent with a recent study that indicated that wearable
activity trackers did not reduce sedentary time (48).  However, it should be noted that the
primary aim of that previous study was to increase stepcounts, not to reduce sedentary
behaviour. In addition, responding to prompts and self-regulation for change require a level of
intrinsic motivation. Anecodatally, participants reported that at times of high work demands it
was ‘easy to ignore’ the prompts and simply forget that so much time had passed. Future studies
could attempt to overcome this through strategies targetting additional mechanisms to help guide
behavioural change at these “high risk” times.

This pilot study suggests that this brief self-directed intervention, although not demonstrating
statistically significant changes, may have promise with many participants decreasing overall and
work-related sedentary behaviour when working at the office and when working at home. This
study was limited by a small sample size which increases vulnerability to individual variation,
and this may have contributed to the non-significant results. Given the promising results, a
larger trial is needed to determine the effectiveness of this intervention. It is also possible that
more time may be required for individuals to assimilate behaviour changes into day to day
practice. This brief intervention ran for six weeks, during which time most participants would
have worked from home on only six occasions and a longer timeframe may be more appropriate
to address this different work pattern and demonstrate significant change. In addition, this study
used Actigraph accelerometers as an objective outcome measure. Whilst the accelerometer data
were consistent with the self-report data, it may be possible that more sensitive devices such as
Activpal accelerometers may be more appropriate in future investigations of sedentary
behaviour.
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Conclusion

There is a need to develop and evaluate sedentary behaviour interventions suitable for a flexible
workplace. In this study, a brief self-directed intervention using smart trackers produced a non-
significant decrease of 56 minutes per day in sitting time when working at the office and a non-
significant increase of 20.5 minutes per day in sitting time when working at home. Whilst there
was no statistically significant change overall, this program showed promising results with many
participants decreasing sitting time post-intervention. Furthermore, this intervention had high
acceptability with this participant group who reported that smart trackers were a useful tool to
help change sedentary behavior. Larger brief intervention studies and trials with additional
intervention strategies are needed to assess effectiveness of this type of approach. Social
connections seemed an important component for change in this work group, and so may be worth
exploring further. This study also provided further evidence that employee sitting patterns are
different when working at home and working in the office. Further research is needed to
understand the relationship between a flexible workplace and sedentary behavior/physical
activity. This improved understanding will assist health promotion professionals to design
targeted interventions for this unique work environment.
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Figure 1. Participant engagement
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Table 1. Participant characteristics (N=30)

Mean (SD, range)

Age (years) 39.5 (8.74, 26-59)
BMI 26.5 (5.69, 17.36-42.69)
%
Gender
Male 33
Female 67

Living situation

Single 27
Single parent 3
Couple with no children 37
Couple with children 33

General Health

Fair 27
Good 37
Very good/Excellent 36

Years of service
Less than 2 years 15
More than 2 years 85

Mode of transport to and from work

Car 50
Public transport (train/bus) 87
Walk 33
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Table 2. Self-reported time spent sitting (minutes/day) on work days by sitting domain and work
location N=30

On a usual day working from the office On a usual day working from home

(mins/day) (mins/day)
Domain  Pre Post Mean Change Pre Post Mean Change
(sitting for)

Mean Mean MA (95% CI) Mean Mean MA (95% CI)
Work 378 357 =21 (-71, 82) 386 374.5 -12 (-83, 60)
Travel 71.5 61.5 -10 (-24, 4) 11 12 1(-7,8)
Television 102 80.5 -21 (-36.5, -6) 86 84.5 -1.5 (-16, 13)
Electronic 69 72.5
device for 58 -11 (-25,2) 89.5 20 (-1.4,42)
leisure
Other 44 37.5

) 49 5 (-16, 26) 57 20 (-1.5,42)

leisure
Total time
spent 662 606 -56 (-128.5, 17) 586 606 20.5 (-64.5, 105.5)
sitting
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Table 3. Accelerometer recorded minutes per calendar day by activity category N=21

Pre Post Mean Change

Mean Mean MA (CI)
Sedentary 673.82 673.91 .08(-30, 30)
Light 137.83 143.52 5.65 (-10, 21.5)
Moderate to Vigorous 36.7 33.75 -2.95 (-11, 5)

"Total mins in activity/#calendar days recorded
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Table 4. Acceptability of brief self-directed intervention using smart tracker device

Strongly agree/ Neutral Strongly disagree/
Agree Disagree

I believe the program was suitable for my 93% 7% -
work environment
I liked being able to monitor my own 93% 7% -
activity
I found the smart tracker to be a useful tool 72% 6% 2%
to change my behaviour
I liked being able to work out the device 90% 7% 3%
myself
I feel that I was involved in the design of the 38% 38% 24%
program
I was comfortable with the level of support I 86% 7% 7%

received during the program
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