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Objective: Dual-task interference is defined as decrements in performance observed when people attempt to perform two tasks 
concurrently, such as a verbal task and walking. The purpose of this study was to investigate the changes of gait ability according 
to the dual task interference in chronic stroke survivors.
Design: Cross-sectional study.
Methods: Ten chronic stroke survivors (9 male, 1 female; mean age, 55.30 years; mini mental state examination, 19.60; onset du-
ration, 56.90 months) recruited from the local community participated in this study. Gait ability (velocity, paretic side step, and 
stride time and length) under the single- and dual-task conditions at a self-selected comfortable walking speed was measured using 
the motion analysis system. In the dual task conditions, subjects performed three types of cognitive tasks (controlled oral word as-
sociation test, auditory clock test, and counting backwards) while walking on the track.
Results: For velocity, step and stride length, there was a significant decrease in the dual-task walking condition compared to the 
single walking condition (p<0.05). In particular, higher reduction of walking ability was observed when applying the counting 
backward task.
Conclusions: Our results revealed that the addition of cognitive tasks while walking may lead to decrements of gait ability in 
stroke survivors. In particular, the difficulty level was the highest for the calculating task. We believe that these results provide ba-
sic information for improvements in gait ability and may be useful in gait training to prevent falls after a stroke incident.
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Introduction

Walking is a complex movement that requires movement 
strategies and executive abilities of the upper central body in 
a pattern requiring continuous and repetitive coordination of 
several segments [1]. Cognitive and muscle weakness, 
asymmetrical postural control, and impaired coordination 

abilities after stroke have resulted in slow walking cycles 
and decreased gait speeds, asymmetric assurance and vault-
ing, and gait patterns with a short stance phase and a long 
swing phase on the paralyzed side, which makes indepen-
dent performance of daily activities difficult [2]. Thus, im-
provement in walking ability is an essential goal for stroke 
rehabilitation.
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Table 1. General characteristics of the subjects (N=10)

Parameter n or mean (SD)

Paretic side 
   Left/right 6/4
Sex
   Male/female 9/1
Etiology
   Infarction/hemorrhage 4/6
Age (yr) 55.30 (12.03)
Height (cm) 164.58 (8.80)
Weight (kg) 68.95 (8.43)
Onset duration (mo) 56.90 (77.61)
Mini mental state examination (score) 19.60 (1.50)

Restoration of walking ability is an important factor for 
improving the quality of life and independence for persons 
with stroke. However, despite steady training, 30% of stroke 
patients are unable to walk without assistive devices, and on-
ly 7% are reported to be able to walk outside [3]. Various 
therapeutic approaches such as task-oriented training, feed-
back training, and treadmill training have been used as an at-
tempt to improve walking ability of stroke survivors [4]. 
However, since this approach is mainly applied to a hospital 
environment and does not reflect gait ability performed in an 
actual community environment, there is controversy about 
the sustainability of its efficiency and its effectiveness in a 
real outdoor environmental setting. Palta and Shumway- 
Cook [5] have mentioned that in order for people to acquire 
stability and independence with gait, one must be able to 
withstand the eight environmental demands, such as the en-
vironmental condition, regional characteristics, external 
factors, concentration requirements, attitude change, level 
of traffic volume, time restraints, as well distance. In addi-
tion, Hunter and Hoffman [6] reported that for the purpose of 
gait safety and fall prevention, concentration for postural 
control is required. Therefore, in recent years, various stud-
ies have been attempted on dual-task training to investigate 
for changes in functional movements during simultaneous 
execution of two tasks. Restraints to performing dual tasks 
for stroke survivors include having a dependent daily life, 
decreased community involvement, and major fall risk fac-
tors [7]. According to previous studies, the addition of a cog-
nitive task during gait led to a decrease in walking ability in 
persons with stroke, and walking ability was remarkably re-
duced with the addition of a task that involved speaking [8]. 
Hyndman et al. [9] reported that it is possible to produce im-
provements in postural control ability in stroke survivors 
through a dual-task training program. Another study re-
ported that dual-task training programs promote increases in 
cerebral blood flow [10].

In particular, simultaneous performance of standing or 
gait and a cognitive task, such as calculating or doing word 
search, are used to investigate the interaction between con-
centration and exercise capacity [11]. According to previous 
studies, dual-task performance has been reported to increase 
postural fluctuation and decrease gait ability in persons with 
stroke [8], which was reported as a major factor in inhibiting 
the automatic gait pattern [11]. When persons with stroke at-
tempt to maintain their balance while performing a dual task, 
the attention capacity is reduced, making it difficult for them 
achieve postural control [12]. In addition, it has been re-

ported that postural control ability may depend on the type 
of cognitive task performed [13]. However, studies examin-
ing changes in walking ability of persons with stroke accord-
ing to task type and various difficulty levels are insufficient. 
Therefore, the purpose of this study was to investigate the 
changes in walking ability according to the type and diffi-
culty levels of the dual-tasks performed in persons with 
chronic stroke, and to utilize the results for the purpose of 
developing training programs to improve walking ability of 
persons with stroke. 

Methods
Participants

Twelve community dwellers with chronic stroke were re-
cruited for this study based on the following selection cri-
teria: subjects with an onset of stroke at least 6 months ago, 
have an mini mental state examination (MMSE) score of 
<24, and those with no musculoskeletal diseases affecting 
gait. Those with unilateral neglect were excluded from the 
study. Out of the twelve subjects, two were excluded from 
the study due to participating in other studies, leaving a total 
of 10 subjects for final analysis (9 males, 1 female; mean 
age, 55.30 years; MMSE, 19.60; duration of onset, 56.90 
months). The characteristics of the study subjects are shown 
in Table 1. All subjects fully understood the purpose of the 
study and voluntarily provided their informed consent for 
participation of the study. This study was approved by the 
Institutional Review Board of the National Rehabilitation 
Center (IRB No. NRC-2013-01-001). 

Procedures

This study used a cross-sectional, single group, and re-
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Table 2. Changes of gait ability under the dual task condition (N=10)

Parameter Single 
walking (A)

COWAT 
(B)

Auditory 
clock test (C)

Counting 
backward (D) F (p) Post-hoc 

(LSD)

Velocity (cm/s) 51.80 (16.59) 45.90 (14.41) 45.80 (13.83) 45.10 (14.85) 7.513 (0.001) A-B, A-C, A-D
P-Stride length (cm) 75.20 (19.43) 72.00 (13.18) 69.60 (12.89) 68.20 (16.11) 2.537 (0.078) A-D
P-Stride time (sec) 1.50 (0.28) 1.65 (0.34) 1.59 (0.29) 1.58 (0.28) 2.284 (0.102)
P-Step length (cm) 40.90 (10.57) 37.70 (8.59) 37.20 (8.08) 36.40 (8.63) 5.549 (0.004) A-B, A-C, A-D
P-Step time (sec) 0.68 (0.12) 0.72 (0.13) 0.69 (0.10) 0.66 (0.12) 2.042 (0.132)

Values are expressed as mean (SD). Analyzed by one-way repeated measure ANOVA. 
COWAT: controlled oral word association test, P: paretic side, A-B: significant differences between single walking and COWAT, A-C: signifi-
cant differences between single walking and auditory clock test, A-D: significant differences between single walking and counting backward. 

peated-measures design to investigate changes in walking 
ability during dual-task performance in persons with chronic 
stroke. 

Subjects were asked to perform three types of cognitive 
tasks (controlled oral word association test [COWAT], audi-
tory clock test, and counting backwards) while walking on a 
5-meter circular track for 1 minute. The single walking task 
was performed for 1 minute on the 5-meter circular track. 
Subjects walked at a comfortable speed for each task. The 
three cognitive tasks and the single gait task were performed 
randomly and a 30-second rest period was provided between 
each task. 

The COWAT [14-16] task was performed using the cat-
egory fluency test where subjects were asked to say the 
words relevant to a certain category while walking on a 
specified track for one minute. The verbal contents were re-
corded by a tape recorder. The categories used for the flu-
ency tests included names of animals, fruit, and food. 

For the auditory clock test [14,17] if the hour and minute 
hands were in the same direction of the time that was given 
auditorily, subjects were to asked to say ‘yes’ and if they 
were in the opposite direction, the subjects were asked to say 
‘no.’ Subjects walked on the specified track for 1 minute. 

For the counting backwards task [18,19], subjects were 
given a three-digit number and were asked to continuously 
subtract by 7 while walking on the specified track for 1 
minute. 

Velocity, step and stride length, and step and stride time 
were evaluated using a 3-dimensional (3D) motion analysis 
system (Vicon Motion Systems Ltd., Oxford, UK) to assess 
gait ability. Eight infrared cameras (Vicon T20; Vicon 
Motion Systems Ltd.) were used for 3D motion analysis, and 
the operation frequency was set to 120 Hz (sampling fre-
quency). Before the start of the experiment, the subject’s 
body size was measured and 16 infrared reflective markers 

were attached to the subject’s lower limb according to the 
Plug-In-Gait lower body model criteria. The 3D motion 
analysis equipment was calibrated according to the manual 
of the manufacturer and the experiment was conducted. The 
Pedar-X system (Novel, Gmbh, Germany) was used to spec-
ify the gait event and synchronized with the Vicon System. 

Data analysis

The IBM SPSS Statistics ver. 21.0 (IBM Co., Armonk, 
NY, USA) was used for statistical analysis of the collected 
information. The results were expressed as mean and stand-
ard deviation. All variables were normally distributed. One- 
way repeated measures analysis of variance was used to 
compare the difference in the effects of dual-task interfer-
ence between simple walking and dual-task walking, and the 
least significant difference was used for post-hoc analysis. 
Statistical significance was set at p<0.05. 

Resuts

General characteristics of the subjects are shown in Table 
1. Changes of gait ability under the dual task condition are 
summarized in Table 2. For velocity, step and stride length, 
there was a significant decrease in dual-task walking ability 
compared to single walking (p<0.05; Figure 1).

Discussion

Through previous studies on dual-tasks, it was found that 
in dual tasks, it was confirmed that the degree of improve-
ment of postural control ability was depended on the added 
cognitive task [13,20]. Therefore, it is necessary to compare 
various types of cognitive tasks that are added when apply-
ing dual tasks to persons with stroke, and to select cognitive 
tasks that can effectively improve independent daily life or 



Shin, et al: Dual task interference in stroke 137

Figure 1. Changes of gait ability under 
the dual task conditions. COWAT: 
controlled oral word association test. 

walking ability in stroke rehabilitation. However, there is in-
sufficient research that has investigated the change of walk-
ing ability according to the type and difficulty level of the 
cognitive task component of the dual task. Therefore, in this 
study, three different types of cognitive tasks were per-
formed simultaneously during gait by chronic stroke survi-
vors, and changes in walking ability according to the type 
and level of difficulty of the cognitive tasks were investi-
gated. In this study, the COWAT, auditory clock test, and 
counting backwards were used as cognitive tasks in order to 
analyze the decreased walking ability with dual task per-
formance. The results showed that velocity, stride length, 
and step length were significantly decreased, and that walk-
ing ability was especially remarkable when counting back-
wards (p<0.05; Table 2 and Figure 1).

It is important to analyze the relationship between cogni-
tive function and motor function in order to understand the 
recovery of motor control ability after neurological injury, 
such as stroke. Most daily activities require an exercise and 
cognitive component occurring simultaneously in order to 
perform activities that may be diverse and complex [21]. 
Prior to producing a voluntary movement, it is essential to 
have involuntary postural control in order to carry out multi-
ple tasks at the same time [22]. Since involuntary postural 
control is organized through motor learning through cogni-
tive, associative, and automatic stages [23], the general pop-
ulation does not require to have concentration on postural 
control in performing every day activities or movement. 
However, elderly with impaired bodily and cognitive func-

tion, or persons with neurological damage, such as a stroke, 
require more concentration for daily life or to perform ex-
ercises due to decreased auto-generation of postural control 
[24]. In particular, persons with stroke attempt to control 
their posture from a previous learned form and since they 
lack the auto-generation of postural control, they are limited 
in ability to perform dual tasks [25]. According to previous 
studies, counting backwards is the most widely used cogni-
tive task in dual-task evaluation and has a high correlation 
with decreased walking ability [26-28]. According to the 
volumetric distribution model, concentration is distributed 
according to the degree of difficulty of the task, and it is re-
ported that tasks with greater difficulty requires higher lev-
els of concentration [29,30]. According to this study, the dif-
ference in the reduction of walking ability is dependent on 
the level of difficulty of the cognitive tasks performed. In a 
previous study, it was reported that the difficulty level of the 
additional task applied during dual-task gait training could 
be an important factor in determining the training effect for 
stroke survivors [21]. Therefore, it is important to take into 
consideration the physical and cognitive functional levels 
when developing a dual-task training program to improve 
gait ability for persons affected by stroke. 

First, it is difficult to generalize the results because of the 
small number of subjects analyzed gait variables. In the fu-
ture, it is necessary to analyze various spatio-temporal varia-
bles of gait for a large number of subjects. Secondly, because 
of the various cognitive tasks used in the research on du-
al-task, it is necessary to study the dual task interference on 
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various cognitive tasks. 
This study investigated changes in walking ability in per-

sons with chronic stroke according to the type and level of 
difficulty of the cognitive task that was added to a dual-task 
training program. According to the results of the study, there 
was a decrease in walking ability due to the addition of a 
cognitive task, and walking ability was especially impaired 
with the task of counting backwards. Therefore, it is neces-
sary to consider the type and difficulty level of the cognitive 
task that is to be added in the development of a dual-task 
training program for stroke rehabilitation in the future, and it 
is necessary to investigate the dual-task interference of vari-
ous cognitive tasks.
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