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ABSTRACT

Sedentary behaviour is increasing and has been identified as a potential significant health risk,
particularly for desk-based employees. The development of sit-stand workstations in the workplace
is one approach to reduce sedentary behaviour. However, there is uncertainty about the effects of
sit-stand workstations on cognitive functioning. A sample of 36 university staff participated in a
within-subjects randomised control trial examining the effect of sitting vs. standing for one hour
per day for five consecutive days on attention, information processing speed, short-term memory,
working memory and task efficiency. The results of the study showed no statistically significant
difference in cognitive performance or work efficiency between the sitting and standing conditions,
with all effect sizes being small to very small (all ds < .2). This result suggests that the use of sit-stand
workstations is not associated with a reduction in cognitive performance.
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Practitioner Summary: Although it has been reported that the use of sit-stand desks may help offset
adverse health effects of prolonged sitting, there is scant evidence about changes in productivity.
This randomised control study showed that there was no difference between sitting and standing
for one hour on cognitive function or task efficiency in university staff.

Over the past 50 years, the workplace environment has
been transformed with the advent of computer-based
technologies, the consequence of this being a marked
increase in the number of sedentary, desk-based occupations (Hedge 2004; Owen et al. 2010; Owen 2012; Bennie
et al. 2015). Currently, the average Australian office-based
employee spends 75% of their workday in a seated position (Australian Bureau of Statistics 2013). Sedentary
behaviour, such as prolonged sitting (more than 4 h per
day), is independently associated with a variety of chronic
and potentially life-threatening health problems (Feil,
Marmon, and Unützer 2003; Bennet et al. 2005; Mischel,
Llewellyn-Smith, and Mueller 2014). Prolonged sitting
is associated with an increased risk of mortality, various
forms of cancer and type II diabetes (Schofield, Quigley,
and Brown 2009; Matthews et al. 2012; Biswas et al. 2015).
The elevated risk for these adverse health outcomes is
maintained even after controlling for diet, family history
and socio-economic status.
The negative health consequences of prolonged sitting
are not mitigated by short bursts of regular, moderate
to vigorous intensity exercise (Pronk et al. 2012). Recent
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research indicates that exercise outside of normal work
hours, even exercise that meets the recommended daily
physical activity levels, does not counteract the negative
physiological consequences of sitting at work for up to
nine hours per day (VicHealth 2012). In an attempt to
reduce the negative consequences of prolonged sitting in
the workplace, a number of workplaces have commenced
transforming the office environment through the use
of sit-stand workstations which enable an employee to
break up prolonged time in a seated position. Research to
date suggests that sit-stand workstations are an effective
method to reduce the physiological consequences of prolonged sitting time (Schofield, Quigley, and Brown 2009;
Tissot, Messing, and Stock 2009; Pronk et al. 2012; Grunseit
et al. 2013).
There is debate as to the effect that standing in the
workplace may have on cognitive function. Some studies
have reported better cognitive performance for standing vs. sitting conditions (Nerhood and Thompson 1994;
Bluedorn, Turban, and Love 1999; Caldwell, Prazinko,
and Caldwell 2003; Ebara et al. 2008; Grunseit et al. 2013;
Isip 2014). For example, there is evidence that simulated

Downloaded by [University of the Sunshine Coast] at 19:24 07 July 2016

738

B. A. Russell et al.

workplace meetings are more efficient when performing
group decision-making tasks when members were standing (Bluedorn, Turban, and Love 1999) and that employees
self-report greater productivity, lower fatigue and greater
task focus when able to alternate from a standing to a
seated position (Grunseit et al. 2013). There are several
mechanisms by which standing might improve cognitive
performance compared to sitting. Standing is a form of
low-intensity exercise. Research indicates that physically fit
individuals display changes in brain structure and function
that are associated with superior cognitive performance
(Colcombe et al. 2006) and that physically active children
display volumetric increases in brain regions associated
with specific cognitive functions (Chaddock et al. 2010).
Nonetheless, it remains unclear whether low-intensity
forms of exercise, such as standing, produce such benefits.
Alternately, standing may increase physiological arousal,
with this increase in physiological arousal triggering a secondary enhancement of cognitive performance. In a study
of sleep-deprived participants (M = 33.7 years), standing
was associated with heightened physiological arousal and
improved psychomotor reaction time (Caldwell, Prazinko,
and Caldwell 2003).
On the other hand, some theoretical frameworks suggest that standing might impair cognitive performance.
Performance on relative complex cognitive tasks is impaired
under conditions where attention is drawn away from the
task at hand and directed towards the self (e.g. to monitor one’s subjective experience while performing a task)
(Wicklund 1975; Carver and Scheier 1981). Given that working at a standing desk involves performing a familiar task
under unfamiliar conditions, standing workstations might
produce an increase in self-monitoring which would, in turn,
reduce performance on complex cognitive tasks. Consistent
with this notion, Schraefel, Jay, and Anderson (2012) found
poorer performance on relatively complex cognitive tasks
(e.g. involving complex attention and executive functioning) when standing rather than sitting, although the associated effect sizes were small on average (overall Cohen’s
d = .20 across several types of tasks). Additionally, Marsh
and Geel (2000) found a significant slowing of verbal reaction time in a sample of 16 older women (M = 71.5 years)
when standing compared to sitting. However, it is possible
that this latter finding may be specific to older adults who
may exhibit unique effects of postural position on cognitive performance due to age-related brain changes that
independently affect cognitive performance and human
locomotion (Popa-Wagner et al. 2012).
Apart from these conflicting results, some studies
report no difference in cognitive performance between
sitting and standing conditions. For example, in a study of
six adults (M = 23.7 years), there was no difference in visual,
verbal or auditory reaction time when standing compared

to when seated (Vuillerme, Nougier, and Teasdale 2000).
Similarly, Husemann et al. (2009) report no dual-task cost
on data entry efficiency associated with standing while
working.
The inconsistent findings relating to changes in cognitive performance associated with postural position
may be a result of variability in the statistical analyses
and research designs utilised. For example, some studies
fail to correct for family-wise error rate when performing
multiple statistical comparisons across related cognitive
constructs (Anderson-Hanley et al. 2012). Other studies examine unique participant samples such as elderly
samples (Marsh and Geel 2000) or sleep-deprived subjects (Caldwell, Prazinko, and Caldwell 2003). Some fail to
account for a potential novelty effect when participants
work while standing for the first time (Isip 2014). It is evident that there is a need for a randomised control trial
(RCT) with a larger sample size to determine if standing
has an effect on cognitive performance. To our knowledge,
the present study represents the first RCT investigating the
effect of standing on cognitive function and overall work
performance.
In the present study, we examined the effects of sitting vs. standing on cognitive performance in a workplace
sample. To address the problems with previous research,
we recruited a representative workplace sample, used a
randomised control design, and measured cognitive performance via a battery of validated, standardised cognitive
tests. If improvements were observed in cognitive performance when standing, this would not only have important
benefits for employees, but benefits for the organisation
in terms of the potential for increased productivity. If no
change in performance was observed, from an organisational perspective, the health benefits would support the
transition to sit-stand workstations. Finally, if a decrement
in cognitive performance was identified, this would highlight the need for an alternative intervention that produces
similar positive health outcomes, without interrupting
cognitive performance.

Method
Participants
A total of 36 employees of the University of Tasmania (26
female, 10 male) aged 22–62 years (M = 40.08, SD = 11.93)
were recruited to participate in the study. All participants
were employed in professional (n = 19; 52.8%) or academic
(n = 17; 47.2%) roles and identified their work as predominantly desk-based sitting and had no prior exposure to
sit-stand desks. Of these, 86.1% were employed full-time
and 13.9% were employed part-time. Estimated full-scale
IQ scores were average or better (M = 114.19, SD = 5.26,
range = 105–125).
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Table 1. Cognitive assessment battery.
Test
24 item Victoria version Stroop test
(Stroop; Strauss, Sherman, and Spreen
2006)
Four-choice visual reaction time test
(CRT)
Digit Symbol Coding subtest (DSC;
Wechsler 2008)
Trail Making Test (TMT; Strauss, Sherman, and Spreen 2006)
Letter Number Sequencing subtest
(LNS; Wechsler 2008)
Digit Span subtest (DSp; Wechsler
2008)
Proof reading task

providing participants with a .8 m by 1.2 m workspace,
was used for training and testing. The workstation height
was adjusted in each condition to an ergonomically correct
position for each participant (90° elbow flexion, 0° wrist
extension/flexion when typing on a keyboard).

Cognitive function
Selective attention
Sustained attention
Visual grapho-motor processing
speed
Visual grapho-motor processing
speed
Working memory

Procedure

Short-term and working memory
Work performance

Materials
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Baseline measures
Demographic information was obtained via a short questionnaire. Baseline assessment of intellectual capacity
was obtained using the Wechsler Test of Adult Reading
(WTAR), which has established reliability and validity
(The Psychological Corporation 2001). Participants were
screened for clinical levels of anxiety or depression that may
impair cognitive performance using the Hospital Anxiety
and Depression Scale (HADS) (Snaith and Zigmond 1994).
Self-reported levels of workplace activity were obtained
using the Occupational Sitting and Physical Activity
Questionnaire (OSPAQ) (Chau et al. 2012). This was supplemented with objective assessment of workplace activity
obtained with activPAL accelerometers to measure time
spent on sitting, standing and stepping. activPAL data were
collected over an 8-h period for each participant during
a normal workday in their typical working environment.
Cognitive assessment battery
A cognitive assessment battery of six standardised tests
(see Table 1) with high reliability and validity (Strauss,
Sherman, and Spreen 2006; Lezak et al. 2012) was used to
assess cognitive performance. Parallel versions of the cognitive tests were used where available. The proof reading
task was custom-made and the validity of this task was
assessed post hoc.
Sit-stand workstation
An electronically adjustable sit-stand workstation (ACTIU
mechanical elevation sit-stand desk, model MB212),

Each participant was assessed over two experimental
blocks each lasting five days (Table 2) in a repeated measures, within-subjects, fully randomised controlled trial
design. Participants were exposed to each experimental
condition for one hour per day and were assessed in the
experimental condition at day 5 of each experimental
block.
Participants completed a pre-test assessment the week
prior to the first trial condition. They were verbally briefed
and asked to complete the demographic survey, OSPAQ,
WTAR and the cognitive assessment battery. The assessment battery test order was: HADS, DSp, TMT, LNS, DSC,
Stroop, CRT and proof reading test. The test order was
selected to minimise potential carry-over effects between
measures of related functions or modalities. Completion
of the assessment battery during the pre-test ensured
that potential practice effects associated with repeated
testing (Strauss, Sherman, and Spreen 2006; Lezak et al.
2012) were mitigated following initial exposure to the test
materials and would therefore be minimal across the two
experimental conditions.
Participants were randomly assigned to one of two conditions, sitting or standing for the first week of testing. The
condition order assignment was fully counterbalanced.
Participants attended the laboratory, for one hour per day,
for four consecutive days. The first three days comprised
the training component; participants completed their
normal work duties while working at the sit-stand desk
in the assigned position (sit or stand). On the fourth day,
participants completed the assessment battery at the sitdesk in the assigned position. In week two of testing, this
procedure was repeated for the alternate condition (sit or
stand). Participants attended the same time of day over
the duration of the two experimental conditions, including
the testing session at the end of each experimental block.
Participants attended the laboratory and were assessed
individually.

Table 2. Testing procedure.
Week Prior

Test Week 1

Test Week 2

Pre-test

Day 1-3
Normal work

Day 4
Cognitive Assessment
(1)

Day 1-3
Normal work

Day 4
Cognitive Assessment
(2)

Condition 1 (n = 18)

Sitting

Sitting

Sitting

Standing

Standing

Condition 2 (n = 18)

Sitting

Standing

Standing

Sitting

Sitting
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Statistical analysis
Data were analysed using SPSS version 22.0 for Windows.
Statistical analysis was performed using the raw scores for
each cognitive test and a standard criterion of p < .05 was
applied for all analyses. MANOVA is a multivariate analysis
of variance in which multiple dependent variables can be
examined for differences due to an independent variable.
Repeated measures MANOVA enables this analysis to occur
where the dependent variables are repeated over time.
Repeated measures MANOVA can be utilised to control
for family-wise error rate, as multicollinearity between
dependent variables is taken into account in determining the obtained F value for the differences due to the
independent variable (Hair et al. 1998). This is a common
approach used in neuropsychological studies where multiple measures of related cognitive functions are used
(Bondi et al. 2003; Saunders and Summers 2011; Clark
et al. 2013; Klekociuk and Summers 2014).

(r = .353, p = .035). Given the potential for variability in
the workday, the moderate correlation suggests that the
self-report was a valid measure of physical activity in the
workplace. ActivPAL data confirm that participants spent
a median of 69.15% of the work day sitting (M = 62.96%,
SD = 23.66%), 23.55% standing (M = 29.03%, SD = 22.10%)
and 7% walking (M = 8.01%, SD = 4.62%). Across all conditions, participants HADS anxiety and HADS depression
score remained within ‘normal’ range (all <7). A significant
main effect of condition on anxiety (F(2, 70) = 7.92, p = .001,
ηp2 = .184, power = .95) was identified, with HADS anxiety
scores at pre-test being significantly higher than at either
the sitting or standing experimental conditions. However,
as all participant scores at each assessment remained well
below clinical thresholds, this result is unlikely to be of any
clinical significance. There was no main effect of condition
on HADS depression score (F(2, 70) = .80, p = .452, ηp2 = .022,
power = .18).

Cognitive performance

Results
Demographic information
Data screening revealed that the sample was representative without any indicators of potential confounds.
Examination of the amount of physical activity participants
engaged in outside of work revealed that 52.8% of the
sample self-reported the recommended 30 min of physical
activity for at least five days per week; a figure consistent
with recent Australian census data (Australian Bureau of
Statistics 2012). Data collected from the OSPAQ revealed
that participants report spending a median of 34.03 h
per week sitting while at work (M = 32.09, SD = 13.59,
range = 4.5–57.0 h/week), equating to a median of
6.81 h per day seated at work (M = 6.42, SD = 2.72,
range = .9–11.40 h/day). Participant self-report was significantly positively correlated with the ActivPAL monitoring

Separate repeated measures MANOVAs were conducted
for measures of attention, information processing speed,
short-term and working memory, and work performance.
Repeated measures MANOVAs identified a significant within-subjects effect on measures of attention (CRT latency,
CRT errors, Stroop incongruent) (F(6, 30) = 4.41, p = .003,
ηp2 = .468, power = .96); measures of information processing speed (DSC, TMT) (F(4, 32) = 27.11, p < .001, ηp2 = .772,
power = 1.00); measures of short-term and working
memory (DSp forward, DSp backward, LNS) (F(6, 30) = 4.76,
p = .002, ηp2 = .488, power = .97); but was not significant for
measures of work performance (proof reading time, proof
reading errors identified) (F(4, 32) = .41, p = .798, ηp2 = .049,
power = .13).
Significant within-subjects effects were then examined by repeated measures ANOVA (Table 3). The results

Table 3. Comparison of the effects of sitting and standing for one hour on tests of cognition.

CRT latency (msec)
CRT accuracy (%)
Stroop incongruent (sec)
DSC (total)
TMT trial B (sec)
LNS
DSp (forward)
DSp (backward)
Proof reading task (time)
Proof reading task (errors
identified)

Pre-test

Sitting

Standing

RM

n = 36

n = 36

n = 36

ANOVA

M (SD)
499.54 (82.05)
46.38 (2.23)
19.18 (5.03)
57.92 (8.17)
46.41 (12.95)
11.31 (2.44)
11.03 (2.14)
7.03 (2.26)
204.69 (53.71)
19.03 (3.01)

M (SD)
481.74 (93.78)
46.90 (1.88)
18.00 (4.97)
64.08 (9.90)
40.33 (11.06)
12.11 (2.47)
11.53 (2.21)
7.72 (2.36)
199.73 (55.88)
18.72 (3.22)

M (SD)
475.77 (92.25)
46.94 (1.98)
17.69 (5.19)
63.86 (9.28)
41.33 (13.58)
12.58 (2.87)
11.81 (2.11)
7.97 (2.54)
193.81 (62.99)
18.83 (3.48)

p
.003
.049
.018
<.001
<.001
<.001
.018
.007
.377
.855

Power

.89
.56
.72
1.0
.98
.97
.73
.82
.19
.07

Post hoc

Effect

p < .05

Size (sit vs stand)

Pre > Sit, Stand
Pre < Stand
Pre > Sit, Stand
Pre < Sit, Stand
Pre > Sit, Stand
Pre < Sit, Stand
Pre < Stand
Pre < Sit, Stand

d
.06
.03
.06
.02
.08
.17
.13
.09
.09
.03

Notes: Pre-test = baseline testing (see Table 2); CRT = choice reaction time; DSC = Digit Symbol Coding; TMT = Trail Making Test; LNS = Letter Number Sequencing;
DSp = Digit Span; post hoc = Pairwise Least Significant Differences Test; d = Cohen’s d.
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of these analyses indicated clear practice effects, with
poorer cognitive performance at pre-test compared to
the experimental conditions (sitting and standing) across
all measures of attention, information processing speed,
short-term and working memory (see Table 3).
Of greatest interest were the comparisons between sitting and standing conditions. There were no significant differences between sitting and standing conditions on any
of the cognitive assessment measures. As shown in Table
3, the effect sizes associated with these comparisons were
all below the cut-off for a small effect (d = .2). Thus, there
were no meaningful differences in cognitive performance
between the sitting and standing conditions.

Discussion
The present study represents the first RCT examining the
effect of postural working position (sitting vs. standing)
on cognitive performance in adults of working age. The
results of this study indicate that there is no measureable change in cognitive function when adults work at a
standing desk compared to when they are in a seated position. However, we did observe a significant practice effect,
evident as significantly poorer performance at pre-test
assessment compared to performance at the subsequent
experimental condition assessments.
The results of the present study contradict previous
research reporting improved cognitive performance
when standing compared to when seated (Nerhood
and Thompson 1994; Bluedorn, Turban, and Love 1999;
Caldwell, Prazinko, and Caldwell 2003; Ebara et al. 2008;
Grunseit et al. 2013; Isip 2014). It is evident that in several
studies inappropriate or poor experimental design may
have resulted in a finding of improved cognitive function
when standing (Nerhood and Thompson 1994; AndersonHanley et al. 2012; Isip 2014). Experimental design factors
such as the use of between-subjects design (Isip 2014), lack
of control group (Nerhood and Thompson 1994) and lack
of counterbalancing (Nerhood and Thompson 1994) might
have introduced several potential confounding variables
which were controlled for in the present study. Further, a
failure to account for novelty effects (Isip 2014), the use
of non-standardised sit-stand workstations (Schraefel,
Jay, and Anderson 2012), failure to adjust for family-wise
error rate (Schraefel, Jay, and Anderson 2012) or interpretation of means without referral to significance or effect
size values (Nerhood and Thompson 1994; Isip 2014) are
likely to have contributed to the mixed findings reported
in these studies. The reliance on self-report data as a
measure of work performance poses an additional problem with previous research (Brown, Bauman, and Owen
2009; Tissot, Messing, and Stock 2009; Dunstan et al. 2013;
Grunseit et al. 2013). Self-report data are recognised for
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its limitations in regard to reliability and validity (Prasad
et al. 2004). Although employees may report feeling more
alert, energised and productive (Grunseit et al. 2013), this
self-report may be due to a variety of factors such as alleviation of the distraction of musculoskeletal pain induced
by prolonged sitting, or self-justification. The results from
the current study suggest that even though employees
may self-report positive psychological outcomes when
standing at work (Tissot, Messing, and Stock 2005; Brown,
Bauman, and Owen 2009; Dunstan et al. 2013; Grunseit
et al. 2013), this does not necessarily translate to an objective improvement in cognitive performance.
In contrast to the results of the present study, Caldwell,
Prazinko, and Caldwell (2003) reported that heightened
arousal, induced by standing, triggered improved psychomotor reaction time. It is important to note that Caldwell,
Prazinko, and Caldwell (2003) studied sleep-deprived subjects, suggesting that working while standing may counteract the effect of fatigue and improve reaction time. The
results of the current study suggest that in a non-fatigued
sample there is no change in reaction time associated with
postural position while working. Thus, while standing may
improve physiological arousal, this effect appears to be a
restorative effect in fatigued populations.
While previous studies report improved work performance while standing (Bluedorn, Turban, and Love 1999;
Knight and Baer 2014), there is no detectable improvement in work-based performance while standing. Previous
research has utilised a group task as a measure of work
performance, reporting that standing, rather than sitting,
decreases ‘group idea territoriality’ and promotes social
interaction which contributes to better group performance
(Knight and Baer 2014). However, in the present study, an
individual task of work performance was used in which
participants were assessed on the time to complete and
the number of errors identified on a proof reading task, a
task congruent with the typical work roles of administrative and academic staff at a university. Ebara et al. (2008)
utilised an individualised work performance task reporting
no change in performance when standing. Collectively,
these findings suggest that performance on an individualised work task does not alter when standing, whereas
performance on a group-based task may improve when
the group is standing as opposed to sitting. In a group
setting, standing may facilitate enhanced interaction and
group collaboration resulting in improved productivity in
the workplace.
A limitation of the current study is the short time frame
for the testing period. The 10-day counterbalanced design
of the current study, while a clear improvement on other
single session studies, did not allow for investigation of
potential longer term change. It is possible that improved
cognitive function may require working in a standing
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position over a longer period of time. This may reflect a
longer term influence of improved physiological function
(i.e. reduction in chronic health conditions associated with
sedentary behaviour) resulting in a secondary improvement in cognitive function. A long-term longitudinal study
is required to explore this possibility. A second limitation
was the inability to implement blinding procedures to
the experimental condition, a reflection of the type of
intervention (sitting vs. standing) that was employed. It is
possible that participant’s expectations may have biased
their test performances in one experiment block over
another. Given the design, we are unable to ascertain if
this effect has altered the results of this study. A final limitation of the study is the relatively brief exposure each
participant had to the experimental conditions, limited
to one hour duration per day. It is possible that cognitive
effects may emerge with longer duration exposures over
a longer period, further research is required to determine
if cognitive change associated with working while standing is dose-dependent. Participants in the present study
engaged in their existing work while in each experimental
condition, so as to minimise any potential negative impact
on each participant’s daily workload. Future research could
implement a non-laboratory-based RCT in which there is
longer daily exposure to standing and a longer duration
of exposure than the 5-day duration used in the present
study.

Conclusion and future directions
There is a substantial body of research highlighting the
beneficial long-term effects of moderate to vigorous intensity exercise on brain structure and function (Hillman et al.
2004; Colcombe et al. 2006; Ando et al. 2011). The results
of the present study indicate that there is no measureable change in cognitive function or work performance in
a group of healthy sedentary adults. It is noted that the
sample in this study was of high average intellectual capacity. This may reduce the potential of improving cognitive
function in a sample with pre-existing above average
cognitive ability. However, the observation that the office
working sample in the present study is of above average
intellectual capacity reflects the increased educational
requirements on attaining office-based employment in
the modern Australian workplace. These findings suggest
that transitioning a workforce to sit-stand workstations is
unlikely to result in any short-term change in work productivity. The physiological research available suggests that
transitioning the workforce to sit-stand workstations will
result in a range of significant physiological health benefits, particularly in relation to chronic disease (Lehman,
Psihogios, and Meulenbroek 2001; Brown, Miller, and Miller
2003; Pronk et al. 2012; Reiff, Marlett, and Dengel 2012). It

is this longer term improvement in improved physiological health that might have a greater benefit to cognitive
function and work performance in an older workforce for
whom a lifetime of sedentary workplace behaviour may
have resulted in a greater level of cognitive compromise.

Disclosure statement
M Summers reports personal fees from Eli Lilly (Australia) Pty
Ltd, grants from Novotech Pty Ltd, outside the submitted work.
All other authors report no potential conflicts of interest.

References
Anderson-Hanley, C., P. J. Arciero, S. C. Westen, J. Nimon, and
E. Zimmerman. 2012. “Neuropsychological Benefits of
Stationary Bike Exercise and a Cybercycle Exergame for Older
Adults with Diabetes: An Exploratory Analysis.” Journal of
Diabetes Science and Technology 6: 849–857.
Ando, S., M. Kokubu, Y. Yamada, and M. Kimura. 2011. “Does
Cerebral Oxygenation Affect Cognitive Function during
Exercise?” European Journal of Applied Physiology 111 (9):
1973–1982.
Australian Bureau of Statistics. 2012. Australian Health Survey:
First Results 2011–2012. Canberra: Australian Bureau of
Statistics, Cat. No. 4364.0.55.001.
Australian Bureau of Statistics. 2013. Profiles of Health, Australia,
2011–13. Canberra: Australian Bureau of Statistics, Cat. No.
4338.0.
Bennet, S., J. Suave, M. Rose, and M. Shaw. 2005. “A Conceptual
Model of Cognitive Deficits in Chronic Heart Failure.” Journal
of Nursing Scholarship 37: 222–228.
Bennie, J. A., Z. Pedisic, A. Timperio, D. Crawford, D. Dunstan,
A. Bauman, J. van Uffelen, and J. Salmon. 2015. “Total and
Domain-specific Sitting Time among Employees in Deskbased Work Settings in Australia.” Australian and New Zealand
Journal of Public Health 39 (3): 237–242 Available from: http://
dx.doi.org/10.1111/1753-6405.12293.
Biswas, A., P. I. Oh, G. E. Faulkner, R. R. Bajaj, M. A. Silver, M. S.
Mitchell, and D. A. Alter. 2015. “Sedentary Time and Its
Association with Risk for Disease Incidence, Mortality, and
Hospitalization in Adults.” Annals of Internal Medicine 162 (2):
123–132.
Bluedorn, A., D. Turban, and M. Love. 1999. “The Effects of Standup and Sit-down Meeting Formats on Meeting Outcomes.”
Journal of Applied Psychology 84 (2): 277–285.
Bondi, M. W., W. S. Houston, D. P. Salmon, J. Corey-Bloom, R.
Katzman, L. J. Thal, and D. C. Delis. 2003. “Neuropsychological
Deficits Associated with Alzheimer’s Disease in the Very-old:
Discrepancies in Raw Vs. Standardized Scores.” Journal of the
International Neuropsychological Society 9 (5): 783–795. <Go
to ISI>://WOS:000183750400011.
Brown, W. J., A. E. Bauman, and N. Owen. 2009. “Stand up, Sit
down, Keep Moving: Turning Circles in Physical Activity
Research?” Journal of Sports Medicine 43 (2): 86–88.
Brown, W. J., Y. D. Miller, and R. Miller. 2003. “Sitting Time and
Work Patterns as Indicators of Overweight and Obesity in
Australian Adults.” International Journal of Obesity 27: 1340–
1346.
Caldwell, J., B. Prazinko, and L. Caldwell. 2003. “Body Posture
Affects Electroencephalographic Activity and Psychomotor

Downloaded by [University of the Sunshine Coast] at 19:24 07 July 2016

Ergonomics 

Vigilance Task Performance in Sleep-Deprived Subjects.”
Clinical Neuropsychology 114 (1): 23–31.
Carver, C. S. and M. F. Scheier. 1981. Attention and Self-regulation.
New York: Springer-Verlag.
Chaddock, L., K. I. Erickson, R. S. Prakash, M. VanPatter, M. W. Voss,
M. B. Pontifex, L. B. Raine, C. H. Hillman, and A. F. Kramer. 2010.
“Basal Ganglia Volume is Associated with Aerobic Fitness in
Preadolescent Children.” Developmental Neuroscience 32:
249–256.
Chau, J. Y., H. P. Van Der Ploeg, S. Dunn, J. Kurko, and A. E.
Bauman. 2012. “Validity of the Occupational Sitting and
Physical Activity Questionnaire.” Medicine & Science in Sports
& Exercise 44 (1): 118–125.
Clark, L. R., L. Delano-Wood, D. J. Libon, C. R. McDonald, D.
A. Nation, K. J. Bangen, A. J. Jak, R. Au, D. P. Salmon, and
M. W. Bondi. 2013. “Are Empirically-derived Subtypes of
Mild Cognitive Impairment Consistent with Conventional
Subtypes?” Journal of the International Neuropsychological
Society 19 (06): 635–645. Accessed 2013. http://dx.doi.
org/10.1017/S1355617713000313
Colcombe, S. J., K. I. Erickson, P. E. Scalf, J. S. Kim, R. Prakash, E.
McAuley, S. Elavsky, D. X. Marquez, L. Hu, and A. F. Kramer.
2006. “Aerobic Exercise Training Increases Brain Volume in
Aging Humans.” The Journals of Gerontology Series A: Biological
Sciences and Medical Sciences 61 (11): 1166–1170.
Dunstan, D. W., G. Weisner, E. G. Eakin, M. Neuhaus, N. Owen,
A. D. Lamontagne, M. Moodie, E. A. Winkler, B. S. Fjeldsoe,
S. Lawler, and G. N. Healy. 2013. “Reducing Office Workers’
Sitting Time: Rationale and Study Design for the Stand up
Victoria Cluster Randomized Trial.” Public Health 13: 1057.
http://www.biomedcentral.com/1471-458/13/1057.
Ebara, T., T. Kubo, T. Inoue, G.-I. Murasaki, H. Takeyama, T. Sato,
H. Suzumura, S. Niwa, T. Takanishi, N. Tachi, and T. Itani. 2008.
“Effects of Adjustable Sit-Stand VDT Workstations on Workers'
Musculoskeletal Discomfort, Alertness and Performance.”
Industrial Health 46: 497–505.
Feil, D., T. Marmon, and J. Unützer. 2003. “Cognitive Impairment,
Chronic Medical Illness, and Risk of Mortality in an Elderly
Cohort.” The American Journal of Geriatric Psychiatry 11: 551–
560.
Grunseit, A. C., J. Y.-Y. Chau, H. P. Van Der Ploeg, and A. Bauman.
2013. “‘Thinking on Your Feet’: A Qualitative Evaluation of SitStand Desks in an Australian Workplace.” BMC Public Health
13: 1–10.
Hair, J. F., R. E. Anderson, R. L. Tatham, and W. C. Black. 1998.
Multivariate Data Analysis. 5th ed. Upper Saddle River, New
Jersey: Prentice Hall.
Hedge, A. 2004. Effects of an Electric Height Adjustable Work
Surface on Self-assessed Musculoskeletal Discomfort and
Productivity in Computer Workers. New York: rnell University.
Hillman, C. H., A. V. Belopolsky, E. M. Snook, A. F. Kramer, and
E. McAuley. 2004. “Physical Activity and Executive Control:
Implications for Increased Cognitive Health during Older
Adulthood.” Research Quarterly for Exercise and Sport 75 (2):
176–185.
Husemann, B., C. Y. Von Mach, D. Borsotto, K. I. Zepf, and J.
Scharnbacher. 2009. “Comparisons of Musculoskeletal
Complaints and Data Entry between a Sitting and a Sit-Stand
Workstation Paradigm.” Human Factors: The Journal of the
Human Factors and Ergonomics Society 51: 310–320.
Isip, M. I. G. 2014. “Effect of a Standing Body Position during
College Students’ Exam: Implications on Cognitive Test

743

Performance.” Industrial Engineering & Management Systems
13 (2): 185–192.
Klekociuk, S. Z., and M. J. Summers. 2014. “Exploring the Validity
of Mild Cognitive Impairment (MCI) Subtypes: Multipledomain Amnestic MCI is the Only Identifiable Subtype at
Longitudinal Follow-up.” Journal of Clinical and Experimental
Neuropsychology 36 (3): 290–301.
Knight, A., and M. Baer. 2014. “Get up Stand up: The Effects of
a Nonsedentary Workspace on Information Elaboration
and Group Performance.” Social Psychology and Personality
Psychology 23: 1–8.
Lehman, K. R., J. P. Psihogios, and R. G. Meulenbroek. 2001.
“Effects of Sitting versus Standing and Scanner Type on
Cashiers.” Ergonomics 44 (7): 719–738.
Lezak, M. D., D. B. Howieson, E. D. Bigler, and D. Tranel. 2012.
Neuropsychological Assessment. 5th ed. Oxford: Oxford
University Press.
Marsh, A. P., and S. E. Geel. 2000. “The Effect of Age on the
Attentional Demands of Postural Control.” Gait & Posture 12
(2): 105–113.
Matthews, C. E., S. M. George, S. C. Moore, H. R. Bowles, A. Blair,
Y. Park, R. P. Troiano, A. Hollenbeck, and A. Schatzkin. 2012.
“Amount of Time Spent in Sedentary Behaviors and Causespecific Mortality in US Adults.” American Journal of Clinical
Nutrition 95 (2): 437–445. http://www.ncbi.nlm.nih.gov/pmc/
articles/PMC3260070/.
Mischel, N. A., I. J. Llewellyn-Smith, and P. J. Mueller. 2014.
“Physical (in)Activity-dependent Structural Plasticity in
Bulbospinal Catecholaminergic Neurons of Rat Rostral
Ventrolateral Medulla.” Journal of Comparative Neurology 522
(3): 499–513.
Nerhood, H., and S. C. Thompson. 1994. “Adjustable Sit-Stand
Workstations in the Office.” Proceedings of the Human Factors
and Ergonomics Society Annual Meeting 38 (10): 668–672.
Owen, N. 2012. “Sedentary Behavior: Understanding and
Influencing Adults’ Prolonged Sitting Time.” Preventive
Medicine 55 (6): 535–539. http://www.sciencedirect.com/
science/article/pii/S0091743512003970.
Owen, N., P. B. Sparling, G. N. Healy, D. W. Dunstan, and C. E.
Matthews. 2010. “Sedentary Behavior: Emerging Evidence for
a New Health Risk.” Mayo Clinic Proceedings 85 (12): 1138–1141.
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2996155/.
Popa-Wagner, A., A. M. Buga, R. C. Turner, C. L. Rosen, and E.
Toescu. 2012. “Cerebrovascular Disorders: Role of Aging.”
Journal of Aging Research 2012: 128–146.
Prasad, M., P. Wahlquist, R. Shikaira, and Y. Shih. 2004. “A Review
of Self-report Instruments Measuring Health-related Work
Productivity.” PharmacoEconomics 22 (4): 224–244.
Pronk, N. P., A. S. Katz, M. Lowry, and J. R. Payfer. 2012. “Reducing
Occupational Sitting Time and Improving Worker Health:
The Take-a-stand Project, 2011.” Preventing Chronic Disease 9:
110323. http://dx.doi.org/10.5888.pcd9.110323.
Reiff, C., K. Marlett, and D. Dengel. 2012. “Difference in Caloric
Expenditure in Sitting versus Standing Desks.” Journal of
Physical Activity & Health 9 (7): 1009–1011.
Saunders, N. L. J., and M. J. Summers. 2011. “Longitudinal
Deficits to Attention, Executive and Working Memory in
Subtypes of Mild Cognitive Impairment.” Neuropsychology 25
(2): 237–248.
Schofield, G., R. Quigley, and R. Brown. 2009. Does Sedentary
Behaviour Contribute to Chronic Disease or Chronic Disease
Risk in Adults. Wellington: Agencies for Nutrition Action.

744

B. A. Russell et al.

Downloaded by [University of the Sunshine Coast] at 19:24 07 July 2016

Schraefel, M. C., K. Jay, and L. L. Anderson. 2012. “Assessing the
Effect of Self-positioning on Cognitive Executive Function.”
Journal of Ergonomics 2: 110.
Snaith, R. P., and A. S. Zigmond. 1994. The Hospital Anxiety and
Depression Scale (Hads): Manual. London: GL Assessment.
Strauss, E., E. M. S. Sherman, and O. Spreen. 2006. A Compendium
of Neuropsychological Tests: Administrations, Norms, and
Commentary. 3rd ed. New York: Oxford University Press.
The Psychological Corporation. 2001. Wechsler Test of Adult
Reading. San Antonio, TX: Harurt Assessment.
Tissot, F., K. Messing, and S. Stock. 2005. “Standing, Sitting and
Associated Working Conditions in the Quebec Population in
1998.” Ergonomics 48 (3): 249–269.
Tissot, F., K. Messing, and S. Stock. 2009. “Studying the
Relationship between Low Back Pain and Working Postures

among Those Who Stand and Those Who Sit Most of the
Working Day.” Ergonomics 52 (11): 1402–1418.
VicHealth, 2012. Reducing Prolonged Sitting in the Workplace: An
Evidence Review. Melbourne: VicHealth.
Vuillerme, N., V. Nougier, and N. Teasdale. 2000. “Effects of
a Reaction Time Task on Postural Control in Humans.”
Neuroscience Letters 291 (2): 77–80.
Wechsler, D. 2008. Wechsler Adult Intelligence Scale – Fourth
Edition (Wais-Iv), Australian and New Zealand Language
Adaptation: Administration and Scoring Manual. Sydney:
Pearson.
Wicklund, R. A. 1975. “Objective Self-Awareness.” In Advances in
Experimental Social Psychology, edited by L. Berkowitz, 233–
237. New York: Academic Press.

