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The Effect of Active Workstation Use on Measures
of Cognition, Attention, and Motor Skill

Christina M. Ohlinger, Thelma S. Horn, William P. Berg, and Ronald Howard Cox

Background: The purpose of this study was to assess participants’ ability to perform tasks requiring atten-
tion, short term memory, and simple motor skill while sitting, standing or walking at an active workstation.
Methods: Fifty participants completed the Stroop Color Word test (SCWT), Auditory Consonant Trigram test
(ACTT), and Digital Finger Tapping test (DFTT) while sitting, standing and walking 1.6 km/h at an active
workstation. Results: A significant difference was found for DFTT, but no differences across conditions were
found on ACTT or SCWT. Examination of the linear contrasts and post hoc means comparison tests revealed
significant differences in DFTT scores between sitting and walking (t = 2.39 (49) P < .02) and standing and
walking (t = 2.28 (49) P < .03). These results indicate that adding the walking task to the ACTT and SCWT
conditions results in no decrement in performance on these tasks. Conversely, adding the walking task to the
DFTT condition results in reduced performance on the DFTT task. Conclusions: These results further sup-
port the potential of active workstations to increase physical activity in the workplace without compromising

cognitive capabilities.
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The recognition that sedentary living was a threat
to the health and well being of human beings in modern
societies was recognized by Kraus and Raab almost 50
years ago. In their lexicon the effects of sedentary living
were termed “hypokinetic diseases” and they included a
myriad of problems including coronary artery disease,
diabetes, cancer, and musculoskeletal disorders.! Despite
this early warning, the economic cost of chronic dis-
eases in the United States rose to an estimated 1 trillion
dollars in the year 2000.2 One-half of that amount was
attributed to costs associated with coronary heart disease,
diabetes, and obesity.? Recent data from the Centers
for Disease Control and Prevention suggests that these
costs are continuing to rise.> While the economic costs
associated with treating these diseases is burdensome, the
consequences of these diseases to the individual can be
devastating. For example, type II diabetes can—and often
does—Iead to retinal deterioration, heart disease, renal
disease, and loss of limbs to amputation.* Booth et al write
that our society is at war with chronic disease and state
that “with the possible exception of diet modification,
we know of no single intervention with greater promise
than physical exercise to reduce the risk of virtually all
chronic diseases simultaneously.”? Despite a public health
focus on consistent participation in physical activity,>° in
2005 just 49.1% of the population of U.S. adults met the
minimum recommendations of 30 minutes of moderate
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intensity physical activity on most days of the week or
20 minutes of vigorous intensity physical activity on 3
days of the week.”

More than 20 years ago evidence began to accrue
that showed physical activity that was insufficient to
improve physical fitness as measured by maximal oxygen
consumption was sufficient to produce changes in one’s
health risk profile.® This literature also showed that those
who would make the greatest gains in improving their
health risk profile were those who were most sedentary
and then adopted a physically active lifestyle.® The
duration and intensity of physical activity needed to
improve health continues to be debated in the literature.!°
However, physical activity recommendations from the
American College of Sports Medicine (ACSM) and the
Centers for Disease Control and Prevention (CDC) now
recognize the value of accumulating moderate-intensity
activity through the activities of daily living such as
house cleaning, gardening, and the like.!"'> The CDC has
gone 1 step further by acknowledging that any activity
is better than no activity.!> There is a further shift in the
literature seeking to clearly define and quantify seden-
tary behavior. The focus is on uncoupling low-intensity
physical activity from sedentariness (ie, sitting). Though
the term sedentary is ubiquitous in the physical activity
literature, Pate'? notes that sedentary behavior is rarely
measured in scientific studies of activity. Rather, those
who fail to meet physical activity guidelines put forth
by entities such as the CDC and ACSM are described
as being sedentary. Thus, if sedentariness is defined as
absence of activity, physical activity can be viewed on a
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continuum rather than as the mere presence or absence
of moderate/vigorous-intensity physical activity. This
issue is not merely a squabble over a definition of the
term sedentary. There is growing evidence that true sed-
entariness may be pathogenic in and of itself regardless
of whether one meets the CDC and ACSM guidelines
for physical activity.

Healy, Dunstan and colleagues'* have brought the
issue into focus with their study of television viewing
time. Television viewing time has been used to quantify
the effects of extended sitting time. More time spent
watching television is correlated with increased health
risks and has been found to be associated with metabolic
risk. Most importantly, even people who meet the current
CDC'? and ACSM!! guidelines of the equivalent of 30
minutes of moderate-intensity activity 5 days per week
are at greater health risk if they spend a large part of the
day in a sedentary state.'* Specifically, an unfavorable
dose-response relationship was found between television
viewing and waist circumference, systolic blood pressure,
and 2-hour plasma glucose in adult men and women. In
addition, unfavorable dose-response relationships for
fasting plasma glucose, triglycerides, and HDL-C were
found in women.

The work of Bey and Hamilton'3 supports the notion
that there are adverse consequences to physical inactivity
that can be alleviated by maintaining daily low-intensity
physical activity. One of the adverse consequences of
physical inactivity is the downregulation of the enzyme
lipoprotein lipase (LPL).!® Loss of LPL activity has
been found to be associated with health risks related to
obesity, type II diabetes, and coronary heart disease.!”
Hamilton, Hamilton and Zderic!® propose that accumu-
lation of low- to moderate-intensity ambulatory activity
maintains LPL activity and thus reduces the metabolic
risks that would accrue as a result of being sedentary.
Thus, reducing the time people spend doing activities
that do not require any physical activity has the potential
to positively impact health.

For many people, occupational pursuits contribute
to the time spent in sedentary activities. More than 58
million people in the United States are employed in
low-activity occupations.!® To combat sedentariness in
desk-bound workers, work-based physical activity pro-
grams have been implemented that focus on increasing
time spent in physical activity. Green and colleagues
reported on a work-based physical activity intervention
that encouraged employees to set and achieve weekly
goals for physical activity. The program included promo-
tional materials, team support, and incentives including
a free pedometer. At the 6-month follow-up, physical
activity levels were not significantly different from what
they were at baseline. The participants in the Green et al
study identified busy work and home schedules as factors
that prevented them from increasing their activity levels.
This finding is consistent with the results found by Kruger
and colleagues?! in their analysis of data from the 2004
HealthStyles survey. They found the reasons most com-
monly cited for not participating in worksite wellness

programs were lack of time during the workday, lack of
time before work, and lack of time after work. Given that
people find it difficult to find time for activity outside of
work, one possible approach is to increase low intensity
physical activity during the workday.

The implementation of active workstations in the
work environment is an innovation that may be one of
many tools in the armamentarium used to interdict the
pathogenic consequences of extreme sedentariness.??
One type of commercially available active workstation
integrates a treadmill with a height-adjustable desk. This
concept—pioneered by Edelson and Danoff?324 and
recently revived by Levine?>—allows workers to spend
a portion of their day walking while working. In an early
study with a small number of participants, Edelson and
Danoff reported no decrement in typing speed with an
active workstation.?* However, John et al report a 9% dec-
rement in typing speed with simultaneous performance
of walking at 1.6 km/h and typing.?> Although the results
reported by John et al are consistent with predictions
from dual-task research using treadmill walking as a
variable,?°-29 it remains unclear as to whether the decre-
ment in performance is due to interference between the
2 motor tasks or if attention demanding cognitive factors
play a role.

Walking while working will require workers to per-
form 2 or more tasks at 1 time, such as walking while
talking, keyboarding, and reading. In addition to these
motor tasks, workers will also be simultaneously engaged
in cognitive tasks, such as calculating, comprehending,
interpreting, and problem solving. The tests used in this
study were chosen to address fundamental aspects of
motor and cognitive function.

The purpose of this study was to assess the ability
of participants to perform tasks requiring attention, short
term memory, and simple motor skill while sitting, stand-
ing, or using an active workstation. We hypothesized that
if walking were added to the tasks requiring attention,
short-term memory, and simple motor skill, then there
would be a decrement in performance in these tasks.

Methods

Participants

Fifty participants who are employees of Miami University
were recruited. Potential participants were excluded if
they were uncomfortable walking at slow speeds, if their
physician had ever told them not to walk, if they required
an assistive device to walk, if they had or suspected they
had a balance disorder, or if they weighed more than 150
kg. All participants provided written informed consent
and the Miami University Institutional Review Board
approved the study.

Study Design

A within participants experimental design was used to
compare study participants’ ability to perform 2 cognitive



and 1 motor task under 3 experimental conditions: while
seated, while standing, and while walking on an active
workstation. All participants completed all 3 conditions.
Individual participants were randomly assigned to 1 of
6 possible orders for completion of the sit, stand, and
walk conditions to minimize the confounding effects
of test order and fatigue. In addition, the order in which
the 3 tests were presented was counterbalanced across
participants.

Experimental Apparatus

The active workstation used in this study is a commer-
cially available product (Details, A Steelcase Company,
Grand Rapids, MI) that consists of a height-adjustable
desk with an integrated treadmill (Figure 1). The
height of the desk is adjustable from 56 to 116 cm
above the deck of the treadmill and the desktop is 99
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cm wide by 69 cm deep. While the treadmill speed
is adjustable from 0.48 to 3.20 km/h on this device,
all participants were tested at a speed of 1.60 km/h.
This desk was used for the 3 postural conditions
employed in this study: sitting, standing, and walk-
ing. In the sitting and standing conditions, a 1.2 m by
1.2 m wooden platform was placed over the treadmill
and a standard office chair was placed on it (Figure
2). The chair was removed and the participant stood
on the platform in the standing condition. In the
walking condition, both the chair and platform were
removed so the participant could walk on the treadmill.

Test Battery

Each participant completed 3 tests under each of the
experimental conditions to assess divided attention, short
term auditory verbal memory, selective attention, and a

Figure 1 — The active workstation with integrated treadmill
and adjustable height desk.

Figure 2 — The active workstation with a moveable platform

placed over the treadmill to accommodate an office chair.
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simple motor skill while sitting, standing, and walking.
The Auditory Consonant Trigram test (ACTT) was used
to assess divided attention and short term auditory verbal
memory. The ACTT has been found to be a valid method
to assess these traits.3” For this test, the participant was
presented with a consonant trigram (eg, BCT) and was
asked to recall the 3 consonants. There were 2 stages of
this test. In the first, the participant was presented with
5 trials and asked to immediately recall the trigram.
In the second, the participant was presented with 15
trials in which the consonant trigram was followed by
a number that varied for each trial (eg, QLX 109). The
participant then counted backward by 3s out loud from
the number specified for a variable amount of time. This
time was 3, 9, or 18 seconds. After counting, they were
asked to recall the consonant trigram. Each participant
completed a total of 20 trigrams while sitting, standing,
and walking. The score was the number of correctly
recalled consonants.

The Golden Stroop Color and Word test (SCWT)
(Stoelting, Wood Dale, IL) was used to measure selec-
tive attention. The SCWT activates an automatic verbal
interference by requiring the participant to override the
reading response in favor of color naming. This test has
been found to be a reliable and valid measure to identify
differences in selective attention related to interference.’!
This test consists of 3 sections. Each section has 100
items presented in 5 columns of 20 items each. Section
1 consists of the words red, green, and blue presented
randomly and printed in black ink. Participants verbal-
ized as many of these words as possible in 45 seconds.
Section 2 contains blocks of 4 Xs printed in red, green,
or blue ink and participants verbally identified the color
of the print of as many items as possible in 45 seconds.
Section 3 contains color words printed in an incongruent
color—for instance, the word red printed in blue or green
ink. The participant’s task was to verbally identify the
color in which the word was printed rather than reading
the word and to complete as many items as possible in
45 seconds. T-scores, which adjust for age and education,
were calculated from the number of correctly identified
items per page within 45 seconds.?? The participants
completed each of the 3 sections while sitting, standing,
and walking.

The Digital Finger Tapping test (DFTT) was used as
a measure of motor speed and motor control for which it
has been found to be valid and reliable.?® This test uses
a digital tapping apparatus (Western Psychological Ser-
vices, Los Angeles, CA) that has a button the participant
taps repeatedly with the index finger. The device records
the number of taps beginning with the first depression of
the button and displays this number at the end of each
10 second trial. Participants were instructed to place the
“heel” of the hand on the desk top and avoid using the
whole hand, wrist, or arm. Each participant performed
6 10-second trials—in sets of 3 trials—with each hand
while sitting, standing, and walking. Participants alter-
nated hands between sets, starting with the dominant
hand. There was a 15-second rest period between trials.

A score of at least 4 taps faster or slower than the next
highest or lowest score was considered to be an outlier
and that score was replaced by an alternate trial to make
a total of 6 valid trials as described elsewhere by Russell
and Starkey.?* The score recorded was the average number
of taps for 6 valid trials for both hands.

Study Procedures

All data were collected during a single 75-minute visit to
the laboratory. Participants were oriented to the labora-
tory and completed a demographic questionnaire—for
the purpose of describing the sample—that included
self-reported height and weight, age, gender, job title,
hours spent sitting at work each day, dominant hand, and
number of days they exercise each week. Participants then
completed all 3 experimental conditions in a predeter-
mined randomized order. The 3 tests were administered
in random order after each experimental condition.

Statistical Analyses

All data were collated and entered into an SPSS for
Windows (v16) data file. Descriptive statistical analy-
ses were conducted for purposes of data screening (eg,
identification of possible outliers, testing for linearity and
normality). Inferential statistical analyses began with a
series of mixed model ANOVAs to determine if there were
any order effects in regard to both the sequence in which
participants completed the 3 experimental conditions
and in the order in which they completed the 3 tests. The
main study hypotheses were tested with a series of 1-way
repeated measures ANOVAs. Statistical significance for
all statistical analyses was set at P < .05.

Results

Descriptive Characteristics

Complete data were obtained from all 50 participants.
Descriptive characteristics for the entire sample are
presented in Table 1.

Preliminary Analyses

We ran a series of 6 x 3 (Experimental Order by Experi-
mental Condition) mixed-model ANOVAs, with repeated
measures on the second factor, to determine if the order
in which participants completed the 3 experimental con-
ditions affected their scores on the dependent variables
(SCWT score, ACTT score, DFTT score). In addition,
a series of 3 X 3 (Test Order by Experimental Condi-
tion) mixed model ANOVAs were run to determine if
the order in which the tests were administered affected
participants performance on these tests. The results
from these preliminary analyses revealed no significant
main or interaction effects for either the order in which
participants completed the experimental conditions or in
the order in which they completed the 3 tests.
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Table 1 Characteristics of Participants (n = 50)
Characteristic Mean + SD Minimum Maximum
Years of education 162 +£2.7 12 20
Age (years) 432+93 23 60
BMI (kg/m?) 285+5.9 18.5 47.1
Work hours seated/day 64+22 2 12
Exercise days/week 31+20 0 7

Main Study Analyses

Descriptive data for all tests across all experimental
conditions are presented in Table 2. To test whether
participants’ scores on the 3 tests differed across the
3 experimental conditions, a series of 1-way repeated
measures ANOVAs were conducted. The results of these
main study analyses (see Table 3) revealed no significant
differences across the 3 experimental conditions (sitting,
standing, and walking) in participants’ scores on 2 of the 3
tests. However, a small yet significant difference in DFTT
scores was found between the sitting, standing, and walk-
ing conditions. Examination of the linear contrasts and
results from post hoc means comparison tests revealed
significant differences in DFTT scores between sitting
and walking (t = 2.39 (49) P < .02) and standing and
walking (t=2.28 (49) P <.03). No significant difference
was found between the sitting and standing conditions.
These results indicate that adding the walking task to the
ACTT and SCWT tasks results in no decrement in per-
formance on these tasks. Conversely, adding the walking
task to the DFTT task results in reduced performance on
the DFTT task.

Discussion

The results of this study found that the addition of a
low-intensity walking task results in a small yet sig-
nificant (P < .05) performance decrement on the DFTT
task but results in no significant increase or decrease in
performance on the SCWT task or the ACTT task. These
findings suggest that the addition of low-intensity walk-
ing to the tasks that are primarily cognitive in nature do
not have a negative effect on performance of the cogni-
tive task. Conversely, adding low-intensity walking to a
simple motor task does negatively affect performance on
the simple motor task.

These results are in basic agreement with studies
using dual-task protocols to evaluate the degree to which
walking requires attention.?0-2° That is, walking—while
highly practiced—is not entirely automatic and depend-
ing on the type (motor or cognitive) and complexity of
the task added to walking, decrements in performance
may occur. We note that the above referenced studies
involved faster walking speeds than did our protocol
and we question to what degree speed of walking may
have affected performance on both the cognitive and
motor tasks employed in this study. Further, by asking

participants to tap as rapidly as possible while walking at
arelatively slow 1.6 km/h a condition may have resulted
wherein the participant was being forced to maintain 2
different rhythms simultaneously. There is support in the
literature for the notion that maintaining 2 asynchronous
rhythms with the hands may result in a performance
decrement.® In the case of walking and finger-tapping
the participants were likely maintaining 2 asynchronous
rhythms. This asynchrony may have placed additional
demands on attention such that the participant uncon-
sciously decreased their tapping speed in an attempt to
bring the tapping and walking rhythms into harmony.

Prior research using walking at slow speeds at active
workstations while performing the motor tasks of typing
has published conflicting results. Edelson and Danoff?*
found no decrement in typing when low-intensity walking
was added to a typing task. Conversely, John et al?> found
a 9% decrement in typing performance (average words
per minute) when typing was added to a low-intensity
(1.60 km/h) walking task. The results of the current study
are consistent with those of John et al in regard to slowing
in a motor task when combined with walking.

The results of the SCWT confirm the results of
John et al® in that there was no significant difference
in performance on the SCWT between the sitting and
walking conditions. Further, this study extends the find-
ings to a different population. Specifically, ours was a
broader population (mean age of 43.2 + 9.3 and an age
range of 23-60) of employed workers. The assessment
of interference between cognitive and motor tasks used
the ACTT as the focal task. The ACTT has been found to
be valid to assess divided attention and short term audi-
tory verbal memory and lends itself to use in the general
population.’® The failure to find a significant difference
on this task suggests that divided attention and short term
auditory verbal memory were not adversely affected by
the addition of the low-intensity walking task.

Strengths and Limitations

A limitation of this study is that we tested participants at
only 1 walking speed and not at a speed preferred by each
individual. It is possible that a slower or faster preferred
speed might have an effect on the observed performance
decrement in DFTT. In addition, the tasks used, though
standardized, did not simulate actual office work. Lastly,
the effects of practice may reduce or eliminate any per-
formance decrement identified in this study.
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Table 2 Descriptive Statistics (Means and Standard Deviations) for All
Tests Across All Experimental Conditions

Test Sit Mean + SD  Stand Mean + SD Walk Mean = SD

Auditory Consonant Trigram Test
(number of correctly recalled

consonants) 52.7+£5.6 533+£54 53.04+52

Stroop Color Word Test (T-score) 55.0+119 54.8 +10.7 55.4+10.8

Digital Finger Tapping Test

(average number of taps

for both hands) 572+ 8.4 57.0+8.0 55.8+8.0
Table 3 Results of Main Study Analyses (One-Way ANOVAs)

Test F (df) P Np?

Auditory Consonant Trigram Test 0.36 (2,48) <0.70 n/a

Stroop Color Word Test 0.15 (2,48) <0.86 n/a

Digital Finger Tapping Test 3.42 (2,48) <0.04* 0.07

*Significance level P < .05.

Strengths of this study include use of 3 postural
conditions, a larger, and more age diverse, employed
population. The number of participants tested provided
statistical power to support the negative results on the
SCWT and the ACTT. Further, it was sufficient to detect
a small (~2%) performance decrement on the DFTT.
However, the effect size for the DFTT is small to medium
suggesting other unidentified factors may be involved.

Conclusions

These results support the hypothesis in regard to a decre-
ment in DFTT score when walking is added to the task.
The hypothesis is not supported in regard to the ACTT
and SCWT scores. This is an important finding as it
suggests that walking while working will not interfere
with cognitive tasks and further supports the notion that
the decrement reported for typing by other investigators
has its origin in motor factors. The results of this study
suggest that more complex tasks, such as typing, might
be affected more extensively by walking and cannot be
readily dismissed. Observation of approximately a 2%
decrement in a simple finger tapping task while insig-
nificant in a practical sense has meaning when viewed
in the context of the 9% decrement found by John et al?®
in typists averaging 40 adjusted words per minute. This
suggests that motor decrements may be even greater at
faster typing speeds. The absence of a reported decrement
by Edelson and Danoff?* may be due to either a lack of
statistical power or a training effect. Future research
should focus on assessing factors that can ameliorate
performance decrements. Consideration should be given
to ergonomic factors, harmonizing walking speed with
task demand, and the capability of practice to ameliorate
performance decrements—particularly in typing. In total,

these results further support the potential of active work-
stations to increase physical activity in the workplace
without compromising cognitive capabilities. Ultimately,
research will be needed to quantify the actual benefit—if
any— on health and metabolic fitness.
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