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Effects of a priority-based dual task on gait velocity and
variability in older adults with mild cognitive impairment
Jihye Lee, Seungha Park*
Department of Kinesiology and Sports Studies, Ewha Womans University, Seoul, Korea

The purpose of this study to investigate how gait velocity and variability
were affected by dual task prioritization in older adults with normal cognitive function and older adults with mild cognitive impairment (MCI).
Eight older adults with MCI and eight cognitively normal older adults
performed a walking task under usual walking with no dual task (usual
gait), walk while counting backward from 100 by ones with no priority
on task (no priority), walk and count while instructed to prioritize gait
task (gait priority), and walk and count while instructed to prioritize the
cognitive task (cognitive priority). The MCI group showed significantly
slower walking speed than the normal group in the no priority condition,
but no difference between both group in the usual gait condition, and

they almost 3 times greater gait variability in the no priority condition
than the normal group. For the effect of priority instructions, MCI group
showed a dual-task cost to gait velocity almost 2 times higher than that
of the normal group in the no priority condition, but the cost was almost
three times higher in both gait and cognitive priority conditions. Although
there was no interaction effect for gait variability, MCI group tended to
be more influenced by dual task prioritization than the normal group. Our
findings confirmed that the priority-based dual task paradigm is a valid
way to assess gait characteristics of people with cognitive problems.
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INTRODUCTION

task condition can be compared with those in the usual walking
condition. In general, it has been reported that the influence of
cognitive task interference on gait is greater in people with MCI
than in people with normal cognition, and that the gait speed is
lower and the gait variability higher in dual task conditions (Gillain et al., 2009; Maquet et al., 2010; Montero-Odasso et al.,
2012).
Bloem et al. (2006) reported that older adults with normal cognitive function use a “posture first” strategy to maintain walking
and balance as the tasks become more complicated in dual task
trials. However, they found that Parkinson disease patients used a
“posture second” strategy, making it difficult to maintain balance
and eventually leading to falls. Thus, it can be seen that the prioritization strategy in the dual task affects walking functions.
There is a conflict between tasks during performance of a dual
task, especially when informational processing is limited due to
cognitive functional problems such as MCI. Therefore, gait function depends on how the priority is set (Pashler, 1994; Tombu and

Mild cognitive impairment (MCI) is considered a transitional
phase between normal aging and dementia (Petersen, 2004; Winblad et al., 2004). People with MCI experience problems related
to mobility as well as cognitive functioning (Eggermont et al.,
2010), which increase the risk of falls. Functional impairment of
gait is one of the most consistent predictors of falls; thus, it is important to evaluate gait function in older adults with MCI (Muir
et al., 2012).
Dual task testing is useful for examining activities of daily living that require two or more tasks to be performed simultaneously, and can represent various situations in which falls may occur
(Lim et al., 2017; Yogev-Seligmann et al., 2008). In addition, this
type of testing has been shown to be useful for identifying gait
problems associated with cognitive functions. In gait research, a
dual task study requires simultaneously carrying out walking and
cognitive tasks, so that the characteristics of walking in the dual
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Jolicoeur, 2003). “Priority” means paying attention to an exercise
or cognitive task first when performing a dual task. Recently, Yogev-Seligmann et al. (2010) compared the gait characteristics of
young adults and older adults in relation to their priorities while
performing the dual task. They found that walking speed decreased
in cognitive priority conditions, but the effect was less dramatic
for older adults than for young adults. Further, unlike young adults,
older adults showed greater variability in walking in both the cognitive and gait priority conditions. These results suggest that flexibility in allocating attention decreases with aging.
The older adults with MCI are at increased risk of falling due to
decreased cognitive function. Nevertheless, there is a lack of research on dual task performance in older adults with MCI in Korea. Therefore, we conducted this study to learn whether there is a
difference in gait characteristics in a dual task condition between
older adults with normal cognitive function and older adults with
MCI, and to investigate how gait characteristics were affected by
dual task prioritization in both groups.

MATERIALS AND METHODS
Participants
Eight older adults with MCI and eight cognitively normal older adults participated in the study. All participants had no experience of falling in the past and participated voluntarily. The subjects with MCI were clinically diagnosed with mild cognitive disorder in hospitals within the previous 3 years. Before the experiment, they also were administered the Korean version of the
Mini-Mental State Examination (MMSE-K) to evaluate the cognitive functioning. Descriptive statistics on the ages and MMSE-K
mean scores of the MCI and normal groups are shown in Table 1.
This study was approved by ethic review board (approval number:
139-5) and all participants provided informed consent.
Procedure
The task for this study was to walk a 10-m-long path in the
laboratory twice at a comfortable pace under the following four
Table 1. Age and MMSE-K score of participants
Group
Normal (n= 8)
MCI (n= 8)

Age (yr)

MMSE-K

66.1± 1.64
66.5± 1.85

28.1± 0.83
21.0± 0.76

Values are presented as mean± standard deviation.
Normal is > 24 and MCI is defined as scores between 20 and 23.
MMSE-K, Korean version of the Mini-Mental State Examination; MCI, mild cognitive impairment.
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conditions: (1) usual walking with no dual task (usual gait), (2)
walk while counting backward from 100 by ones (cognitive task)
with no explicit instruction on the priority of either task (no priority), (3) walk and count while instructed to prioritize the gait
task (gait priority), and (4) walk and count while instructed to
prioritize the cognitive task (cognitive priority). Participants were
asked to “focus on the walking task” in the gait priority condition,
and to “focus on counting backwards form 100 by ones” in the
cognitive priority condition. The two priority conditions were
counterbalanced across participants to minimize the effect of order.
To obtain kinematic data, 21 reflective markers were attached
to various locations on the pelvis and lower limbs of the subjects.
Data were collected at 60 Hz using a three-dimensional analysis
system with six cameras, and analyzed using OrthoTrak 6.5 (EVa/
EVaRT software, Motion Analysis Corp., Santa Rosa, CA, USA),
excluding the first 2 m and the last 2 m of the walking path to
avoid acceleration and deceleration.
Dependent variables and data analysis
The dependent variables were gait velocity, gait variability, and
dual-task cost to gait velocity and variability. Gait velocity is a
valid and reliable indicator of mobility and fall risk. Gait variability was analyzed as stride time variability, which quantifies the
automaticity of gait from one stride to the next during steadystate walking (Muir et al., 2012). Gait variability was quantified
using the coefficient of variation (CV [%]; CV=[standard deviation/mean] × 100%). Dual-task cost was calculated as a percentage
for each gait parameter as ([{single task value– dual task value}/
mean single task value] × 100%).
Repeated measure two-way analysis of variance (ANOVA) was
performed to evaluate the effects of group (cognitively normal vs.
MCI) and task condition (usual gait vs. no priority and no priority
Table 2. Results of two-way analysis of variance on gait parameters in older
adults with normal cognition and mild cognitive impairment
Variable

Condition
Usual gait

No priority

Within Between Interaction
group group (group×
effect effect condition)

Gait velocity (cm/sec)
< 0.001
Normal
105.71± 6.43 91.97± 8.87
MCI
99.75± 17.84 72.86± 18.45
Gait variability (%)
< 0.001
Normal
2.77± 1.05
4.49± 1.90
MCI
2.44± 0.99 11.21± 6.84

0.070

0.034

0.042

0.007

Values are presented as mean± standard deviation.
MCI, mild cognitive impairment.
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Table 3. Results of two-way analysis of variance on gait parameters in older adults with normal cognition and mild cognitive impairment
Variable
Gait velocity (cm/sec)
Normal
MCII
Gait variability (%)
Normal
MCI
Dual task cost to gait velocity
Normal
MCI
Dual task cost to gait variability
Normal
MCI

Condition
No priority

Gait priority

Cognitive priority

91.97± 8.87
72.86± 18.45

88.84± 7.09
54.38± 24.62

87.71± 7.88
57.46± 18.01

4.49± 0.19
11.21± 6.80

5.31± 3.21
25.48± 12.95

12.07± 6.12
24.29± 14.16

13.00± 7.81
26.95± 13.58

15.96± 6.31
45.48± 20.11

17.02± 7.55
42.39± 18.89

61.83± 43.56
359.12± 255.27

111.47± 115.27
944.11± 534.21

334.49± 229.46
895.49± 565.32

Main effect

Between
group effect

< 0.001

0.002

Interaction
(group× condition)
0.005

0.009

< 0.001
0.122

< 0.001

0.003
0.004

0.010

< 0.001
0.134

Values are presented as mean± standard deviation.
MCI, mild cognitive impairment.

vs. gait priority vs. cognitive priority). The statistical significance
threshold was set at P<0.05.

RESULTS
Effect of a dual task
The results of repeated measures ANOVAs for gait velocity and
gait variability, with factors of group (MCI vs. normal) and condition (usual walking vs. dual task with no priority) are presented in
Table 2. For both parameters, there were highly significant main
effects of condition. For gait velocity, there was a marginal but not
significant main effect of group; for gait variability, the effect of
group was significant, although marginally so. For both parameters, significant interactions were found between group and condition. Post hoc tests showed that the MCI group did not differ
significantly in gait velocity from the normal group in the usual
walking condition (P=0.389), but the MCI group showed significantly slower walking speed than the normal group in the dual
task condition (P=0.019). For gait variability, the MCI group was
much more strongly affected by the dual task condition than the
normal group. Specifically, the MCI showed almost 3 times greater gait variability in the no priority dual task condition than the
normal group (P=0.028).
Effects of priority instructions
Table 3 shows the results of repeated measures ANOVAs for
gait velocity, gait variability, and the dual-task cost to each of
these, with factors of group (MCI vs. normal) and condition (no
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priority, gait priority, cognitive priority). Significant main effects
of both group and condition were found for all four parameters.
Statistically significant interactions were found for gate velocity
and the dual-task cost to gait velocity, but not for the parameters
relating to gait variability (Table 3). Post hoc testing showed that
the difference in velocity between the two groups was greater in
both the gait priority and cognitive priority conditions than in
the no priority condition. These results were similar for the dual-task cost to gait velocity. The MCI group showed a dual-task
cost to gait velocity almost 2 times higher than that of the normal
group in the no priority condition, but the cost was almost three
times higher in both priority conditions.
For gait variability and dual task cost to gait variability, MCI
group showed significantly higher than normal group, and both
parameters were greater in both priority conditions than in the
no-priority condition. Although there was no interaction effect,
MCI tended to be more influenced by dual task prioritization
than the normal group.

DISCUSSION
This study investigated the effects of task priority on gait performance in older adults with MCI and older adults with normal
cognition in a dual task condition. In accordance with earlier
studies (Muir et al., 2012; Yogev-Seligmann et al., 2010), performance of a dual task reduced gait speed and increased gait variability in both groups. Interestingly, we observed that the MCI
group was more negatively influenced by priorities in the dual
http://www.e-jer.org
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task than the normal group, and it seems this effect tended much
larger on gait variability than on gait speed.
Both groups in our study had a normal gait velocity (>1 m/sec)
in the single task condition. In the dual task condition, however,
both groups showed velocities less than 1 m/sec. In more detail,
although the normal group maintained a speed of more than 0.8
m/sec in all dual task conditions, the MCI group dropped to a
speed of almost 0.5 m/sec when a task priority was given.
To assess gait variability, we measured the relationship of stride
to stride time. The variability of the stride time provides an interesting result for understanding the cognitive control of gait and
the risk of falls (Montero-Odasso et al., 2012). High stride time
variability has been shown to predict future falls in cases where
gait velocity failed to distinguish those who fell and those who
did not (Hausdorff et al., 2001; Montero-Odasso et al., 2012). In
light of a previous study (Callisaya et al., 2010), a large variability
in walking patterns means a decline in walking control ability
and a decrease in the stability of walking, which can lead to an increased risk of falls.
We predicted that the gait variability would be higher in the
cognitive priority condition than in the gait priority condition.
As expected, the MCI group was more variable than the normal
group, and the variability was highest in the cognitive priority
condition. Although there was no significant interaction effect, it
is interesting to note that the mean value of variability for normal
group was higher in the cognitive priority condition than in the
gait priority condition, but there was no difference between the
two priority conditions in the subjects with MCI. This result can
be interpreted from the following two perspectives. First, both the
MCI and normal groups had difficulty using a “posture first”
strategy when priority was given to cognitive task, and the difficulty for the MCI group was much greater. Second, for the MCI
group, paying attention to walking itself in the gait priority condition can generate a greater cognitive load, which can interfere
with the automaticity of walking movement.
Our findings confirmed that the priority-based dual task paradigm is a valid way to assess gait characteristics of people with
cognitive problems. Additionally, we found that gait variability is
more sensitive to task priority than gait velocity, and could be
used as a predictor of fall risk in older adults with MCI, as mentioned by Montero-Odasso et al. (2012). Finally, we expect the
priority-based dual task paradigm to show potential as an evaluation method for clinically judging MCI in the field. In this study,
we did not measure the spatial relationship of major joints. Further studies are needed to explore how the coordination between
996
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major joints is affected by priority-based dual task in people with
and without MCI.
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