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to allow for a more comprehensive discussion of the potential implications with regards to task performance at
dynamic workstations. For the task “Reading”, speed (the number of characters read) and accuracy (the number of
correctly identified characters) was assessed. As figure 2 depicts minimal differences in reading speed and accuracy
were noted between the different workstations. The number characters read ranged from 6556 characters (+3303.7)
to 7070 characters (+3612.4). The number of correctly identified errors ranged from 70.5% (+22.5) to 84.4%
(£17.1).
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Figure 2. The mean number of characters read and the percent of errors correctly identified for the reading task for
each of the workstation conditions (Standard Deviation).

Similarly the performance results, in the form of characters typed, differed minimally between the workstations and
ranged from 815.8 characters (£205.2) to 908.2 characters (+289.9). With regards to accuracy, the number errors
typed ranged from 10.8 errors (+8.4) to 18.8 errors (+19.9).

For the telephone task, the descriptive results differed minimally between the different workstations. The number of
words spoken ranged from 450.0 words (+47.3) to 461.7 (£38.1) and the percent of spoken errors ranged from 6.0%
(£3.4) to 6.8% (£5.4). The results from the subjective evaluation of the speech quality using the MOS scale yielded
scores for all the workstations between 4 and 5. At a rating of 4 the speech quality is defined as good with the level
of distortion being perceptible but not annoying. A rating of 5 defines the speech quality as excellent and the level of
distortion as imperceptible.

The descriptive mean results for reaction time and accuracy for each of the cognitive tasks for each workstation
condition are depicted in table 7. The mean reaction time for the Go/No-go task for each of the workstations was
between 383.3ms (+£79.1) and 419.0ms (£57.3). With regards to accuracy, the score ranged between 94.6% (+5.4)
and 98.5% (+2.9%). For the subitizing task, the mean reaction time ranged between 929.8ms (+96.1) and 997.6ms
(£83.5), and the accuracy score 80.0% (£11.5) and 84.6% (£8.7). For the Erikson Flanker test, for all workstations
the mean congruent reaction time was less than the mean incongruent reaction time. The range of the reaction time
was 470.9ms (£80.0) to 497.0ms (£96.5) for the congruent task and 514.5ms (£63.1) to 555.3ms (+136.8) for the
incongruent task. The accuracy of the Eriksen Flanker task ranged between 97.9% (£2.5) and 99.2% (£1.9). The
accuracy for this task also had the smallest standard deviations for the workstations compared to the standard
deviations for the accuracy of the other tasks. The mean reaction time for the memory test was between 681.3ms
(£109.8) and 721.3ms (£102.2). The percent of correct responses was between 74.9% (£8.1) and 84.8% (£9.4).
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Table 7: Mean reaction time (ms) and accuracy score (%) for all the cognitive tasks for each of the workstation
conditions. (Standard deviation)

Conventional Recumbent Elliptic Trainer Walkstation
Task Performance Criteria . . Low High Low High
Sitting | Standing Intensity Intengsity Intensity Inter?sity
Reaction time 394.3 | 383.3 405.2 399.8 419.0 404.7
Go/No- (SD) (55.1) | (79.1) (46.3) (56.0) (57.3) (40.0)
Go Acuracy (%) 94.6 95.1 98.5 94.8 96.1 96.9
(SD) (5.9 (5.6) (2.9) 3.1 4.7) (3.0)
Reaction time 997.6 | 978.2 959.8 929.8 983.2 939.0
Subitizing (SD) (83.5) | (124.5) (132.6) (96.1) (84.2) (100.7)
Task Accuracy (%) 80.5 80.0 82.1 82.5 80.3 84.6
(SD) (8.2) (11.5) (9.8) (8.7) (11.7) (8.7)
Reaction time: Congruent | 494.6 | 470.9 497.0 472.3 487.4 474.6
(SD) (78.1) | (80.0) (96.5) (71.4) (64.8) (78.8)
Eriksen | Reaction time: Incongruent | 545.4 | 516.0 555.3 514.5 520.7 523.4
Flanker (SD) (86.8) | (84.1) (136.8) (63.1) (58.5) (92.8)
Accuracy (%) 99.2 97.9 98.3 98.3 98.8 98.3
(SD) (1.9) (2.5) (2.4 (2.4 (2.2) (2.4
Reaction time 688.7 | 682.0 721.3 681.3 709.7 695.0
Working (SD) (107.5)| (131.0) (102.2) (109.8) (108.5) | (130.5)
Memory Accuracy (%) 76.7 79.8 74.9 83.1 84.8 76.6
(SD) (11.2) | (16.5) (8.1) (9.5) (9.4) (11.1)

Subjective Experience

Subjective experience was assessed using combined scores obtained for the categories comfort, discomfort, and
productivity. The scores ranged from 1 to 7, with 1 being no discomfort and 7 being extreme discomfort for the
discomfort questionnaire component, and for the comfort and productivity questionnaire components, a score of 1
was regarded as being the most negative score and 7 the most positive score. These scores were statistically
compared between the different workstation and of the four categories, only the productivity score was significantly
different (p-value: 0.006). Based on the post-hoc multiple comparisons, the productivity score was only significantly
different for the walkstation at the high intensity condition compared to the conventional standing workstation (p-
value: 0.027) and for the walkstation at the high intensity condition compared to the recumbent elliptic trainer at the
low intensity condition (p-value: 0.016). The walkstation at the high intensity condition received lower productivity
scores (3.32 £0.43) when compared to the conventional standing workstation (3.95 +£0.31) and recumbent elliptic
trainer at the low intensity condition (3.83 +0.32). The statistical results and the mean scores calculated for each
questionnaire component are featured in table 8. Based on the results in the table, all the workstations were
classified as having low discomfort scores. Pertaining to the comfort questionnaire component, all workstations had
a fairly neutral score that lay between 2.79 (£1.40) and 3.73 (£0.86) for the comfort score.

Table 8: Mean values and standard deviation (SD) of the Questionnaire scores pertaining to discomfort, comfort and
productivity for the 12 participants for all tested conditions including the statistical results of the comparison of the scores
obtained for the sitting workstation. *Significant effects (p<= 0.05)

Questionnaire | Significance Conventional Recumbent Elliptic Trainer Walkstation
Component o) Low High Low High
Sitting | Standing Intensity Intensity Intensity | Intensity
1.46 1.67 1.73 1.83 1.92 1.67
Discomfort 0.396
\scomior 0.88) | (1.01) (1.17) (1.01) (1.30) | (1.03)
3.73 3.58 3.08 3.04 3.12 2.79
Comiort 0.123 0.86) | (0.88) (0.68) (1.09) (1.09) (1.40)
396 | 3.95% 3.83% 3.66 3.62 | 3.32¢0%
. .
Productivity 0.006 0.36) | (0.31) (0.32) (0.39) 0.56) | (0.43)
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DISCUSSION

This research aimed at investigating and comparing the biomechanical, physiological effects, task performance and
subjective experience of dynamic workstations contrasted against more conventional workstations. Based on the
results, significant alterations in physical activity and heart rate were found, while negative effects on task
performance and subjective experience were more limited.

The physical activity intensities and percent of heart rate reserve significantly increased as a result of these
workstations. Additionally the heart rate data showed that the dynamic workstations elicit a significantly higher
heart rate in comparison to the conventional sitting workstation, with the tested conditions being rated as very light
intensity exercise as the elicited %HRR was below 30% (US Surgeon, 1996). A higher exercise intensity using these
workstations could not be reached as they have been specifically designed to allow for light intensity exercise, and
have speed and resistance limitations deliberately set. Based on these results and these design specifications, using
these dynamic workstations it would not be possible to obtain the ASCM guideline of a minimum of 30 minutes of
moderate activity five days a week (ASCM, 2010). But as even all of the dynamic conditions assessed elicited
significant increases in physical activity and three of the four dynamic conditions elicited significant increases in
%HRR, this suggests that these workstations may have positive health implications as evidence suggests that any
amount of physical activity and movement can lead to health benefits (USDHHS, 2008; Thompson et al., 2008;
Levine and Miller, 2007). The benefits from activity are not only dependent on the intensity but also on the
individual, and therefore some individuals may profit in terms of positive health effects more from these
workstations in comparison to others. An example of this would be that deconditioned individuals through low
intensity exercise might become more active (Haskel et al., 2007; USDHHS, 2008).

For these workstations to be a viable option in the work environment, their effect on task performance is an
important consideration. Available literature provides contradicting information regarding the effect of moderate and
acute exercise on basic cognitive processes (Straker et al., 2009; Tomporowski, 2003). This study focused on a
group of basic tasks which contribute in some form to daily office work. Significant alterations in task performance
were found for only one task of the five assessed, namely the mouse dexterity task, when compared to the task
performance for the conventional sitting workstation. Deterioration in the score obtained while using the walkstation
at the high intensity condition can be potentially attributed to biomechanical factors. During walking, specifically at
the higher speed condition, the individual was less stable as a result of the small movements of the upper trunk
produced during walking (Winter, 1995), and despite supporting the upper limbs on the treadmill desk, the upper
limb fine motor movements were affected and consequently the accuracy was impaired. As none of the other task
performance criteria for the other tasks was significantly affected, one can conclude with caution that it may be
possible to perform basic office tasks while using these dynamic workstations. However, further research is
warranted to determine the effect of these workstations on more complex tasks in a field-based setting.

A final crucial aspect to whether dynamic workstations really are an option for the work environment in the future is
the subjective opinion specifically regarding discomfort, comfort and productivity. Subjective experience assessed
in this study found only very limited significant differences and this was pertaining to the productivity of the
walkstation for the high intensity condition. This negative assessment of one’s own productivity at this station was
minimally reflected in the decrease in the performance results of the mouse dexterity task at this station. The
subjective experience results specifically pertaining to productivity are limited to this specific test situation as it
would be expected that as the tasks increase in complexity, the subjective opinion of one’s own productive as
effected by dynamic workstations would also be altered. No significant differences were determined for the comfort
and discomfort scores when compared to a conventional sitting workstation, and this may have positive implications
for introducing these workstations in the work environment. However the limitation of the duration of the testing
session needs to be considered and additional studies pertaining to the long-term use of these workstations is
required.

CONCLUSIONS

To conclude, the dynamic workstations tested showed significant increases in physical activity in comparison to
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sitting and in some cases the standing workstations. Additionally only limited tasks were significantly negatively
affected by the workstations and only limited negative subjective experiences were determined. These results tend to
suggest that dynamic workstations really may be a viable option to increasing physical activity in the workplace to
an extent that may yield health benefits. Numerous studies have shown that physical activity not only promotes
physical health but may also be associated with long term positive effects on cognitive ability. This further
highlights the need to incorporate physical activity more in everyday life, specifically working life. Additionally
regarding long-term aspects the employer may also benefit from these workstations by having a healthier workforce.
Further studies are required to determine the exact extent of the health benefits and the suitability in the work
environment in addition to determining which tasks and occupations are best suited for these workstations.
Furthermore a trade-off may need to be accepted between the potential benefits of these workstations and the
“adaptation phase” regarding task performance and therefore research regarding the duration of adaptation required
for performance and social acceptance is necessary.
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