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behavioural trends and assessing emerging relation-
ships between sitting and health, they may not be 
sufficiently sensitive for detecting changes in sitting 
time3).

Currently, few devices objectively measure sitting 
time.  Accelerometers are commonly used in seden-
tary behaviour research, but were developed to 
measure movement and cannot distinguish between 
sitting and standing4).  Devices that measure postural 
change such as inclinometers, have been suggested as 
an alternative to accelerometers for the measurement 
of sitting3, 5).  However, available devices are expen-
sive, and currently orientated towards data collection 
for research, rather than day-to-day use by the general 
population.

Almost half of total daily sitting occurs in the 
workplace6), with modern occupations involving a high 
volume of desk based tasks.  We have developed a 
low cost, low burden instrument, known as the sitting 
pad (SP), designed to measure desk based occupa-
tional sitting.  The aims of this study were therefore 
(1) to test the validity of the SP as a measure of desk 
based sitting time and transitions to and from sitting 
(“transitions”), against camera derived direct observa-
tion; and (2) to compare the data with those from 
inclinometers in the ActivPAL3 (AP) and ActiGraph 
GT3X+ (AG).

Methods

A convenience sample of 13 healthy office workers 
were recruited via email and word of mouth; workers 
were based in the same building situated on a subur-
ban university campus in South-East Australia.  Study 
protocols were approved by the Human Research 
Ethics Committee of The University of Queensland, 
Australia. 

The SP (Fig. 1) is a prototype device designed by 
The University of Queensland, Brisbane, to measure 
desk based sitting time for use in the workplace.  It 
comprises a cushion containing a medical grade pres-
sure sensor (43 × 32 × 2 cm) which acts as a switch 
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To date, cross sectional and intervention research on 
sitting has tended to rely on self report measures1, 2).  
Although these measures are valuable for describing 
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to detect transitions of greater than 3 seconds to and 
from the seat, and a microcontroller (11.5 × 5 × 3 cm; 
RF Technology, Brisbane, Australia) which records 
a time stamp for each transition.  Manufacturer and 
researcher beta testing for sensitivity found 3 seconds 
to be the most accurate threshold for detecting a tran-
sition, with a minimum load of 3 kg and no biologi-
cally plausible maximum load.  Data are downloaded 
using a proprietary software package which produces 
a Microsoft Excel output for data analysis.

The inclinometers in both the AP and AG detect a 
change in position based on the angle of the device.  
APs were programmed to match the SP in terms of 
recording events greater than three seconds (AP3); we 
also tested against the device default of ten seconds 
(AP10).  AGs were set at a 30 Hz sampling rate.  
Personal office chairs were fitted with a SP and each 
participant wore an AG and two APs using established 
procedures7, 8).  The same devices were used for each 
participant.  A camera was positioned to record move-
ment around the office and chair based transitions to 
and from sitting. 

Two protocols were used.  Participants initially 
followed a directed, standardised protocol of sitting 
and standing for short periods of 3, 5, 10, 15, 20, 
25, 30, 45 and 60 seconds (protocol 1: prescribed).  
Participants were then left to resume their usual work 
patterns for up to 60 minutes (protocol 2: free living). 

Camera data were viewed and a timeline created 
with each second binary coded (sitting=0; standing/
moving=1).  A change in the binary code (1−0 or 0−1) 
was recorded as a transition.  Second-by-second incli-
nometer data were downloaded for the AG.  SP and 
AP data were downloaded with a timestamp for every 
recorded transition.  All data were mapped against 
the camera derived timeline.  AP and AG data were 
excluded from analyses when the participant was not 
in view during the free living protocol. 

Mean sitting time and transitions were calculated 
for each device.  Intra-class correlations (ICCs) and 

mean differences between (a) the SP and the camera 
and (b) the AP3, AP10, AG and camera, were calcu-
lated.  An ICC value of ≥0.90 was deemed excellent, 
0.75−0.89 good and ≤0.74 poor9).

Results

Thirteen participants completed the study (9 women, 
4 men, mean age 30 ± 6.5 years).  Mean differences 
in sitting time and transitions, between each device 
and the camera, are shown in Table 1.  During the 
prescribed protocol, the smallest mean differences in 
sitting time and transitions compared with the camera 
were for the SP (Sitting time; 0.30 ± 0.21, transitions; 
−0.46 ± 0.78).  The largest mean differences in sitting 
time and transitions compared with the camera were 
for the AG and AP10 respectively (Sitting time AG; 
−1.49 ± 2.74, transitions AP10; −10.08 ± 2.13).  ICCs 
for sitting time and transitions during the free living 
protocol are also shown in Table 1.  The SP, AP3 
and AP10 showed excellent levels of absolute agree-
ment with camera measured sitting time (0.999, 0.990 
and 0.981 respectively), while agreement between the 
camera and the AG was poor (0.033).  For number 
of transitions, there was excellent agreement between 
both the SP and AP3 with the camera (0.997 and 0.928 
respectively), but the agreement between the AG and 
AP10 with the camera was poor (0.033 and 0.665 
respectively).

To provide detail on the measurement differences 
for each device, a typical example of data, show-
ing the traces of sitting and standing time during the 
prescribed protocol, is shown in Fig. 2.  The traces 
from the SP and the camera were almost identical 
with only a slight delay in the SP’s recording of the 
transition from standing back to sitting.  The AP3 
mirrored the camera trace accurately with only a 
slight delay at transitions.  The AG detected the initial 
3 seconds standing bout, but beyond this, failed to 
differentiate between sitting and standing.

Discussion 

The findings indicated that the SP and AP3 provid-
ed highly accurate measures of desk based sitting 
time and transitions in both the prescribed and free 
living protocols.  In contrast, the AG inclinometer was 
unable to accurately measure sitting time or transitions 
during either protocol. 

The accurate measurement of transitions is impor-
tant given emerging evidence linking breaks in seden-
tary time and sitting with health indicators, including 
waist circumference, BMI, triglycerides, 2 hours plas-
ma glucose and C-reactive protein10−12).  Findings from 
the present study indicate that inclinometer derived 
AG data overestimate sitting transitions.  This may 
be due to small movements when seated or standing 

Fig. 1.   Side view of the sitting pad on an office chair. Not 
commercially available (Australia, 2011).
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being counted as additional transitions.  The AP3 was 
less able to detect the more precise transitions in the 
prescribed protocol but performed well during free 
living.  The AP10, which is the default setting for the 
device, did not accurately measure transitions, indicat-
ing that 3 seconds may be more applicable for office 
workers.

The SP provides a high level of accuracy for 
mapping small and frequent transitions in desk based 
employees, even with a slight delay through compres-
sion and expansion of the sensor.  This makes it 
an ideal device assessing both sitting time and the 
number of desk based transitions.  Given that it is 
designed to solely measure desk based sitting, we 
suggest the SP be used in conjunction with a mobile 
device, such as the AP, to provide a complete picture 
of occupational sitting.  Used an as adjunct measure, 
the SP offers three benefits to the researcher.  Firstly, 
it provides highly accurate, context specific sitting 
data relative to where employees sit the most (i.e. 
their desks); secondly, the SP is unaffected by non 
wear time and compliance, which tend to be issues 
with mobile devices; and thirdly, the SP is capable of 
providing detailed, real time feedback—it therefore 

has the potential to be used as both a measurement 
and intervention tool.

In considering these benefits, we recognise the 
strengths and limitations of the present study.  There 
was a small, homogeneous sample, but this allowed 
for second-by-second camera derived direct observa-
tion which was favoured over a larger sample size 
using indirect and less accurate criterion measures, 
such as self reported sitting.  Another strength was 

Fig. 2.   An example trace from prescribed sitting (indicated by 
the lower lines) and standing (peaks and dashed lines), 
for each device and the camera (Australia, 2011).

Table 1.   Mean differences between each device and the camera for sitting time and transitions to and from sitting (Australia, 2011)

Measurement 
device
(n=13)

Mean sitting
time
(Minutes)

Mean difference
in sitting time 
(95% CI)
(Minutes)

ICC (95% CI) Mean 
transitions
(Number)

Mean difference 
in transitions 
(95% CI)
(Number)

ICC (95% CI)

Protocol 1
    Prescribed 

        Camera  5.01 ± 0.16 — — 29.92 ± 0.28 — —

        SP  5.31 ± 0.19 −0.30 ± 0.21
(−0.38 to 0.44)

— 29.46 ± 0.78 −0.46 ± 0.78
(−1.99 to 1.07)

—

        AP3  4.52 ± 0.57 −0.49 ± 0.59
(−1.65 to 0.67)

— 21.46 ± 5.73 −8.46 ± 5.83
(−19.89 to 2.97)

—

        AP10  4.13 ± 0.39 −0.88 ± 0.39
(0.03 to 1.73)

— 19.85 ± 2.12 −10.08 ± 2.13
(−14.72 to −5.44)

—

        AG  3.52 ± 2.78 −1.49 ± 2.74
(−6.86 to 3.88)

— 32.92 ± 17.41   3.00 ± 17.54
(−31.38 to 37.38)

—

Protocol 2 
    Free living 

        Camera 36.00 ± 7.88 — 1  5.31 ± 3.90 — 1

        SP 36.16 ± 7.70 −0.16 ± 0.22
(−0.27 to 0.59)

0.999
(0.997 to 1.000)

 5.38 ± 3.91   0.08 ± −0.28
(−0.47 to 0.63)

0.997
(0.992 to 0.999)

        AP3 35.58 ± 8.60 −0.42 ± 1.12
(−2.62 to 1.78)

0.990
(0.969 to 0.997)

 5.77 ± 4.80 0.46 ± 1.66 
(−2.79 to 3.71)

0.928
(0.788 to 0.977)

        AP10 35.96 ± 8.19 −0.04 ± 1.63
(−0.95 to 1.02)

0.981
(0.939 to 0.994)

 5.62 ± 4.54 0.31 ± 3.54
(−1.83 to 2.45)

0.665
(0.192 to 0.885)

        AG 21.94 ± 15.46 −14.05 ± 13.30
(−40.12 to 12.02)

0.257
(−0.133 to 0.652)

66.08 ± 44.92 60.77 ± 43.02
(−23.55 to 145.09)

0.033
(−0.120 to 0.331)

AG=ActiGraph GT3X+; AP3=ActivPAL3; AP10=ActivPAL3; SP= sitting pad; ICC=intra-class correlation.
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that the study was conducted in a real office setting.  
However, measures were only taken for short periods 
of time.  Future work will build on these initial pilot 
data by testing the SP in larger groups of office work-
ers for longer periods.

Conclusion

This study assessed the validity of a new “sitting 
pad” device to measure occupational sitting.  The 
device provided highly accurate measures of desk 
based sitting time and transitions.  As an adjunct 
measure, the SP offers novel measurement opportuni-
ties to assess links between occupational sitting and 
health outcomes, and future potential as an interven-
tion tool to reduce and break prolonged sitting at the 
desk. 
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