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Objective: To determine the effectiveness of a
computer-based intervention designed to increase sit-stand
desk usage and help reverse workplace physical inactivity.

Background: Sit-stand desks have been successful in
reducing workplace sedentary behavior, but the challenge
remains for an effective method to increase the usage in
order to experience the health and productivity benefits.

Method: Data collection (I-year field study with 194
workers) used a novel method of computer software that
continuously recorded objective electric sit-stand desk
usage, while taking into account the time a worker spends
away from their desk (breaks, meetings). During the base-
line period, all workers’ desk usage was recorded by the
software, and the intervention period consisted of soft-
ware reminders and real-time feedback to all workers to
change desk positions. Pooled means were calculated to
determine desk usage patterns, and effect sizes and pair-
wise mean differences were analyzed to test for interven-
tion significance.

Results: The intervention doubled desk usage by
increasing ~1 change to ~2 changes per work day. There
was a 76% reduction in workers who never used the sit-
stand function of the desk. Medium to large effect sizes from
the intervention were observed in all three primary out-
come measures (desk in sitting/standing position and desk
position changes per work day).

Conclusion: These findings demonstrate an effective
intervention that increased postural transitioning and inter-
rupted prolonged inactivity while remaining at the workstation.

Application: The methods and results in this research
study show that we can quantify an increase in desk usage
and collect aggregate data continuously.
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BACKGROUND

Obesity occurs when energy intake is
exceeded by energy expenditure (EE; Levine
et al., 2005). Physical inactivity can lead to an
increased risk of obesity, and levels are classi-
fied by the following MET (metabolic equiva-
lent) activity intensity: light (< 3 METs), moder-
ate (3—6 METs), and vigorous (> 6 METs; Blair
& Brodney, 1999; Pate et al., 1995). Although
recommendations only exist for moderate to
vigorous activity (150 min per week), adults
are not meeting these recommendations. They
also spend increased time in a seated or reclined
position at work, known as sedentary behavior
(£ 1.5 METs; McCrady & Levine, 2009; World
Health Organization, 2010).

The lack of physical activity at work is an
ergonomic and emerging risk. Ergonomic
improvements and physical activity at work can
prevent neck disorders and reduce the incidence
of low back pain (European Agency for Safety
and Health at Work, 2005). Prolonged bouts of
sitting time (> 20-30 min) are associated with
higher levels of fasting insulin and increased
risk of type-2 diabetes and are positively corre-
lated with waist circumference and the preva-
lence of obesity (Gupta et al., 2016; Healy, Mat-
thews, Dunstan, Winkler, & Owen, 2011; Healy
et al., 2008). Frequently interrupting prolonged
sitting can reduce metabolic risk independent of
moderate/vigorous physical activity levels and
can improve postprandial glucose metabolism,
triglyceride levels, BMI, and waist circumfer-
ence (Bergouignan et al., 2016; Hamilton, Healy,
Dunstan, Zderic, & Owen, 2008; Honda et al.,
2016). The EE for a postural transition (sit-to-
stand or stand-to-sit) is 35% and 28% higher
than that of sitting and standing, respectively
(Judice, Hamilton, Sardinha, Zderic, & Silva, 2016).
Additionally, the EE increases for a postural
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transition as the weight increases (Hatamoto,
Yamada, Higaki, & Tanaka, 2016). Thus, increas-
ing postural transitioning may be an important
interventional target for overweight or obese
individuals who should be increasing their EE.

It has been theorized, in rodent models, that
bones sense changes in body mass and as a
result, can alter appetite and diet intake to return
the body to its previous weight (Jansson et al.,
2018). The body’s “gravitostat” is the bones’
sensor that can be triggered by body weight
bearing down on bones. During prolonged sit-
ting time, most body weight is supported by seat
cushions, which leaves bones unaware of how
much weight is being taken on by the bones
(Jansson et al., 2018). Therefore, if sitting time
can be reduced, bones could have a better sense
of body weight and can signal reduced appetite
and diet intakes that would result in weight loss.
Sit-stand desks have been used to reduce occu-
pational sedentary behavior and improve BMI
and productivity (Dutta, Koepp, Stovitz, Levine,
& Pereira, 2014; Wendel, Benden, Zhao, & Jef-
frey, 2016; Garrett et al., 2016). The intention of
the desks is to disrupt prolonged periods of sit-
ting and standing time. Most require worker
action to change desk positions. Due to the
responsibility placed on the worker to change
desk positions, there have been compliance and
usage issues, which have led to minimal health
and productivity benefits (Wilks, Mortimer, &
Nylén, 2006). Health behavior change con-
structs (self-monitoring and goal setting) have
shown to be effective components of promoting
physical activity but have yet to be adopted to
test effectiveness of sit-stand desks to change
behavior (Pearson, 2012).

A statement from Public Health England and
the Active Working Community Interest Com-
pany says that desk-based workers should aim to
“Initially progress towards accumulating at least
2 hr/day of standing and light activity during
working hours, eventually progressing to a total
accumulation of 4 hr/day” (Buckley et al., 2015).
To date, there is currently no quantitative study,
conducted over time, to determine whether work-
ers are meeting this recommendation. Therefore,
the purpose of this study was to determine the
effectiveness of a health behavior change inter-
vention designed to increase sit-stand desk usage

and help reverse workplace physical inactivity.
Continuous, objective data were collected on the
time desks were in a sitting and standing position
during computer use for 194 workers during a
1-year time period in three naturalistic work set-
tings. Computer reminders were used to increase
movement at the workstation.

METHOD
Participants

Participants were adult workers at a govern-
ment group in Australia (Comcare) where office
work included computer-based tasks and other
work (meetings, reading, conference calls). Dur-
ing the 1-year data collection period, 624 workers
had recorded data. The eligibility criteria for this
secondary analysis was > 20 active computer
use (ACU) hr and > 5 work days per worker
(equivalent to at least 1 work week) for each of
the following time periods: 3 months baseline,
first 3 months of the intervention, and the last 3
months of the intervention. These criteria ensured
the entire cohort of workers completed the study
from the beginning to the end. Out of 624 work-
ers, 194 workers were eligible for this analysis (n
=194). From an organizational level, all workers
were provided electric sit-stand desks in 2012.
Three out of seven office sites nationally (Can-
berra, Melbourne, and Sydney) were randomly
selected to have workers included in this study.
Recruitment for this study occurred from a man-
agement level. All workers who had a sit-stand
desk for at least 1 year were invited to be a part
of the study through management meetings. All
data were collected through computer software
(described later), de-identified by Comcare, and
provided to Texas A&M University researchers
for secondary analyses. Texas A&M Institutional
Review Board approved the secondary analyses
protocol, and the workers provided consent to
their employer. Due to this secondary analysis,
the researchers were not able to obtain demo-
graphic information on the workers (age, gender).

Data Collection

The data were collected for a 1-year time
period. The study consisted of two phases: base-
line (3 months) and intervention (9 months).
Prior to the start of the study, each worker’s
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electric sit-stand desk had a cable (Linak®
USB2LINO6 USB connector cable, Linak®,
Denmark) that connected the desk to the USB
port of the desktop PC connected to their
desktop PC. Software (Wellnomics® Sit Stand
version 1.0, Wellnomics LTD., New Zealand)
was installed on all workers’ desktop PCs. The
cables and software were installed for all work-
ers in all three office locations in October 2016.
After the installation, each worker placed the
desk in a sitting and standing position, based
on recommended ergonomic heights (Cook
& Burgess-Limerick, 2003), and the software
recorded the heights.

The validated sit-stand software worked in
conjunction with the cable to record data contin-
uously on the times the desks were in each posi-
tion (sitting or standing) during active computer
use (Blangsted, Hansen, & Jensen, 2004). Inac-
tive computer use was defined as the duration,
greater than 30 s, during which there was no key-
board or mouse use. Once the worker resumed
any keyboard/mouse activity, active computer
use time began and the software recorded the
desk position along with the duration the desk
was in that position.

For the baseline phase (November 1, 2016,
through January 31, 2017), the software was
placed into monitor only mode. In monitor only
mode, the software recorded continuous data, dur-
ing active computer use (ACU), for the time desks
were in a sitting (Sit-ACU) or standing position
(Stand-ACU) and desk position changes per work
day. The software informed the workers that the
software was placed into monitor only mode.

For the intervention phase (February 1, 2017,
through November 24, 2017), the software was
placed in sofiware reminders mode, every
worker received computer software reminders to
change desk positions, and the outcome mea-
sures were continuously recorded. For this study,
the default setting for the frequency of the
reminders was set to 30 min sitting and 20 min
standing (ex: after 30 min of Sit-ACU, the
worker would receive a reminder to change the
desk to a standing position; after 20 min of
Stand-ACU, the worker would receive a
reminder to change the desk to a sitting posi-
tion). This default setting was based on muscu-
loskeletal medicine research, which suggests

postural transitions every 20—30 min, as well as
evidence showing that interrupting long bouts of
sitting time (> 30 min) provides metabolic ben-
efits (Atlas & Deyo, 2001; Dunstan et al., 2012;
Gallagher, Campbell, & Callaghan, 2014; Ryan,
Dall, Granat, & Grant, 2011).

During the intervention, a reminder arrow
(pointed up or down based on their current desk
position) to change desk positions appeared on
the workers’ computer monitor displays. The
workers had the option to change their desk posi-
tion, postpone the reminders, or ignore them.
Workers could change the frequency of the
reminders or choose to not receive any computer
reminders. Further, they could interact with the
prompt, as it provided real-time statistics in order
to monitor individual progress for that day, week,
or month. The prompt displayed the following
metrics: stand-ACU, the percentage of the desk
was in a standing position, and average number of
desk position changes per work day. The primary
outcome measures for this study were sit/stand-
ACU and desk position changes per work day.

Analysis

The analysis was conducted using SPSS 22
(IBM SPSS Statistics). Pairwise comparisons
analysis was conducted to determine the mean
differences between baseline and the intervention
using means, SD, and histograms. We tested for
significance of the intervention using effect size
(using Cohen’s d), paired two sample for means
t test (ACU and Sit/Stand ACU) and nonpara-
metric tests using the Wilcoxon signed-rank test
(desk position changes per hour and work day).
The overall pooled means were calculated for
every month of data collection period to deter-
mine usage patterns before and after the interven-
tion. Due to 1 week of company holiday period in
December, any data during this time period was
excluded from this secondary analysis. The linear
relationship and slope were calculated using the
pairwise mean differences of each outcome mea-
sure with relevance to computer usage to deter-
mine the changes made from the intervention.

RESULTS

For the baseline phase, the 194 workers had
an average of 163 ACU hr and 40 work days
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TABLE 1: Overall Group Means and Pairwise Comparisons From Baseline to Intervention Pooled Across

1 Year

Baseline Intervention Pairwise Effect size
Variable M (SD) M (SD) M difference (SD) (Cohen's d)
ACU 4.03(0.93) hrs  3.87 (0.86) hrs  -0.16 (0.61) hr
Sit-ACU 3.61(1.14) hrs  3.27 (0.97) hrs  -0.34* (0.71) hr 0.48
Stand-ACU 0.42 (0.72) h 0.60 (0.68) h 0.18* (0.44) hr 0.41
Desk position changes per work ~ 1.04 (1.54) 2.31(2.37) 1.27* (1.88) 0.68

day** changes changes changes

*p < .05.

**Wilcoxon signed rank test.

recorded per worker. For the intervention phase,
the average data recorded was 637 ACU hr and
159 work days per worker. Pairwise compari-
sons of difference in outcome measure means
are shown in Table 1. All three primary outcome
measures had a significant change (p < .05)
from baseline to intervention, with medium to
large effect sizes (Cohen’s d) observed in each
outcome (Sit-ACU: 0.48, Stand-ACU: 0.41,
Desk position changes per work day: 0.68).

Figure 1 illustrates the effect from baseline to
intervention for every month of the study. From
the baseline phase compared with the end of the
study, all outcome measures increased, indicat-
ing the intervention was successful.

Assignificant linear relationship was observed
with the pairwise mean differences for the dura-
tion of computer usage (2, 3, 4, 5 mean ACU hr
per work day) for all three outcome measures
(Sit-ACU: slope = —0.37, p < .0001, Stand-
ACU: slope = 0.09, p < .05, Desk position
changes per work day: slope 0.33, p < .05). The
largest increases in Sit- and Stand-ACU were
seen in the workers who used the computer, on
average, for 5 hr/work day (39 min reduced and
25 min increased, respectively). The largest
increases for desk position changes per work
day were seen by the workers who used the
computer, on average, for 5 hr/work day
(increased by 2.56 desk position changes).

The frequency of desk position changes per
work day increased for workers from the base-
line to the intervention (Figure 2). The largest
subpopulation of workers with increases com-
prised those who had a mean of > 3 desk posi-
tion changes per work day. Out of 194 workers,

these group of 20 workers (baseline) increased
to 83 workers (intervention), or a 330% increase
in workers who completed > 3 desk position
changes per work day. Another significant mea-
sure was the workers who never made any desk
position changes. From the baseline to the inter-
vention phase, this group of 33 workers reduced
to only seven workers, which is equivalent to a
76% decrease in workers who never made any
desk position changes. Further, the overall aver-
age desk position compliance (rate at which
workers would change their desk position when
provided a software reminder) was 61%.

The time desks were in a sitting or standing
position was related to the ACU time. As a
result, it is important to look at the Sit/Stand-
ACU as a percent of computer use (Figure 3).
For the baseline phase, 26% of the workers
never had their desk in a standing position. After
the intervention, this was reduced to only 9% of
the workers, indicating that the software remind-
ers made workers use their desk in the standing
position more often.

DISCUSSION

The computer-based behavioral intervention
was effective at increasing sit-stand desk uti-
lization. To date, studies using sit-stand desks
with computer reminders have met the primary
intention of reducing sitting time while increas-
ing standing time and position changes with
office workers (Barbieri et al., 2017; Donath,
Faude, Schefer, Roth, & Zahner, 2015; Evans
et al.,, 2012; Swartz et al., 2014). However,
these short-term studies have not taken into
account the time individuals are absent from
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Figure 1. Overall pooled outcome measure means for all workers
by each month. The double-arrowed vertical line represents the start
of the intervention. Means of Sit/Stand-ACU (A), Desk position
changes per work day (B), and Time between desk position changes
(C) show health behavior change for each outcome measure. Data
from company holiday period (January 1, 2017-January 7, 2017)
was excluded for these graphs. Error bars indicate 95% confidence
intervals.
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the workstation (meetings, breaks, Iunch). This
study was able to account for time spent only
at the workstation, which is an important fac-
tor when determining the effect of a physi-
cal activity intervention designed for sit-stand
desks. Additionally, this is the first study to
collect continuous and objective sit-stand desk
usage data while engaging workers with their
habits for a 1-year time period. The interven-
tion accomplished this goal without requiring
workers to leave their desk or wear sensors.
This is important to note when designing a long-
term, sustainable method that can be used in a
naturalistic work environment. Therefore, the
results from this study provide a novel, effective
behavioral intervention toward monitoring and
reversing worker physical inactivity.

Overall, the workers reduced their proportion
of desk sitting time (90% to 82%) and increased
their desk standing time (10% to 18%). Approx-
imately one fourth of the workers never had
their desk in a standing position during com-
puter use during the baseline period. After the
intervention, only 9% of the workers were left in
this category. The findings from each outcome
measure were statistically significant (p < .05)
with medium to large effect sizes, revealing that
this intervention had a positive impact on
addressing the workers’ sedentary behavior. Fur-
ther, the workers increased their sit-to-stand
desk transition frequency with the help of the
software reminders. During the baseline phase,
the workers averaged ~1 desk position change
per work day. After the intervention, the workers
averaged ~2 changes per work day. Likewise,
the average time a desk was in a position before
a change significantly reduced from ~3.79 to
1.85 hrs (51% reduction).

There was a significant relationship with the
changes made on all three outcome measures in
relation to computer use. The workers who spent
a longer time using the computer (5 hr/day)
made the largest increases in desk sitting/stand-
ing time and desk changes per work day. This
finding shows that higher duration computer
users have the ability to show the greatest
changes in their desk usage habits and responded
well to the behavioral intervention. Given that
breaking up prolonged bouts of being in the
same position and postural transitioning have a
greater energy expenditure than sitting/standing,
the data from the intervention could be used to
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target subpopulations (overweight/obese indi-
viduals, high-duration computer users) who
need to increase their movement throughout the
work day (Judice et al., 2016).

In order to engage workers with their health
behavior change, the software interface pro-
vided each worker real-time feedback on their
desk usage (self-monitoring) and the option to
change the frequency of the reminders (goal set-
ting). For this study, we used a reminder default
setting of 20 min standing for every 30 min sit-
ting, based on previous research recommenda-
tions (Atlas & Deyo, 2001; Dunstan et al., 2012;
Gallagher et al., 2014; Ryan et al., 2011). The
ratio of sit-to-stand time can vary based on occu-
pational settings and work tasks. For example,
workers who spend less time at their workstation
may have a different compliance level with the
reminders. The compliance to default settings
should be evaluated on different types of office
workers. Aggressive strategies to increase the
frequency of changing position reminders could
be used as an approach by upper management to
motivate teams of employees by setting organi-
zational desk usage goals.

Based on monthly observations for the 1-year
time period, the intervention was most effective
for the first ~3 months. A longitudinal, random-
ized study should be conducted to add more
health behavior change constructs after a 3-month
period to see whether effects can be sustained
beyond 3 months. Gamification elements (weekly
reports/leaderboards, reward points, badges) may
be an option in some workplaces to motivate
workers to remain engaged with their physical
activity health behavior change (Paredes, Tewrai,
& Canny, 2013). A final key takeaway for employ-
ers from this research was that no change was
detected in active computer time after the suc-
cessful sedentary behavior intervention. Future
studies may evaluate quality of work output in
addition to using this new time measure.

Limitations and Strengths

A study strength was the inclusion require-
ment of steady-state sit-stand desk users (had
desk for > 1 year). Therefore, the study design
was not affected by an adoption phase for the
desks. Second, the organization provided desks
to the office sites 4 years prior to the study,

which eliminates the possibility of volunteerism
bias. A limitation was all workers in this study
were previously using a stretch-break software
(Wellnomics® Workpace®) that would remind
them to take a break from their workstation
(i.e., walk around the floor, stretch break,
take a flight of stairs). Because workers had a
previous exposure to computer software that
prompted them to take a break, their acceptance
to comply with this computer-based interven-
tion could vary. It is important to address that
due to security concerns, the software had to be
approved by the government group’s informa-
tion technology department. This process took
several steps until final approval was given.
Even though the process for approval was
extensive and challenging, this software, as a
data collection method, is better for long-term,
large-scale research and requires low mainte-
nance/costs. For future research, conducting
similar behavioral interventions could cause
new risks to arise or other risks present in the
workplace could increase.

Blind studies involving interventions may be
ideal, but it is impossible to hide a standing desk
versus a seated desk from a worker. Further-
more, while we preferred a control group con-
tinue without software intervention, the com-
pany would not allow anyone to be without the
intervention, so the rollout of a perceived benefit
had to be for all employees at the same time.
This brings up two clear examples of how in situ
studies stray from theoretical experimental
design goals. The authors believe the robustness
of the conclusions in this case far exceed the
limitations posed by employers when interacting
with real workers in genuine work situations.

CONCLUSION

These findings reveal an effective inter-
vention using computer technology combined
with electric sit-stand desks that will increase
movement during the workday. Because we can
now quantify and increase postural transitioning
and desk usage (continuously), future research
should use this health behavior intervention to
study the effect of increased workday move-
ment on biomarkers, diet intake, and employee
health costs/injury data. With the methods and
results from this research, we can identify and
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target high-risk individuals to change their
health behaviors.
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KEY POINTS

e We were able to account for time when a worker
steps away from their workstation for job tasks
(meeting, breaks, etc.) and record data based on
the presence of a worker at their desk.

e With these research findings, we can now use this
sustainable intervention to help high-risk, seden-
tary workers (obese/overweight, high computer
use) who should be increasing their energy expen-
diture by using the methods and behavioral inter-
vention from this study in order to change their
health behaviors.

e We can now quantify increased electric sit-stand
desk usage, which in turn will help us structure
future research studies to understand the effect of
the desks on biomarkers and workplace health.
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