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Abstract1)

The purpose of this study was to examine the effect of three cognitive tasks on gait at a preferred

walking speed, and at a fast speed, using dual-task methodology. A total of 29 stroke patients

participated in the study. All 29 subjects performed 2 motor tasks (10-meter walk task and timed up and

go task each at a preferred and a fast speed) and three cognitive tasks [Stroop, word list generation

(WLG), serial subtraction (SS)] under dual-task conditions [cognitive-motor interference (CMI)] in a

randomized order. Gait speeds were measured in six different conditions. A repeated-measure analysis of

variance was employed to compare the results of the Stroop training, WLG, and SS tasks during

preferred and fast walking. A Bonferroni adjustment use for post hoc analysis. The level of statistical

significance was set at α=.05. A CMI effect occurred for performance of a 10-meter walking task at two

different speed and a cognitive task (p<.05). Stroop had a significantly greater effect than SS and WLG

(p<.05). The timed up and go task was affected when performed with fast walking speed during Stroop

cognitive task (p<.05), but was not affected if performed with preferred walking speed during a cognitive

task (p>.05). This study showed that CMI of Stroop can be used as a rehabilitation program for stroke

patients.
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Introduction

A stroke refers to neurological dysfunction caused

by local abnormalities in brain tissues due to the

continuous insufficient supply of oxygen and glucose

following a cerebrovascular event (Jørgensen et al,

1997). Cognitive functions refer to a person’s ability

to understand events that occur in daily life and

adapt to his/her circumstances while starting, plan-

ning, and thinking about actions and resolving

problems. Cognitive areas include concentration, memory,

systematization ability, problem-solving ability, ab-

straction ability, and the use of languages (Campbell

et al, 1990). Movements cannot be performed without

prior intention. Thus, cognitive processes are an in-

dispensable element in motor control.

Patients with reduced cognitive abilities after a

stroke do not have the full use of their cognitive

functions for motor learning during rehabilitation

training (Mulder, 2007). They cannot actively partic-

ipate in physical training and may experience tempo-

rary or permanent loss of mechanisms governing

normal postural control, such as walking and dual

tasks, that were processed automatically before the

stroke (Huxhold et al, 2006).

Yogev-Seligmann et al (2008) reported that those

patients treated with rehabilitation training showed high

levels of activation in the brain area related to cogni-

tive functions. Rehabilitation of stroke patients focuses

on physical therapy programs, with the aim of recover-

ing walking functions. Increases in cognitive-motor in-

terference (CMI), which is exhibited by stroke patients
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with reduced cognitive functions while walking, result

from a reduced ability to process cognitive and motor

functions at the same time (Regnaux et al, 2005).

CMI occurs when individuals simultaneously perform

two or more mutually disturbing tasks, and it is related

to phenomena that occur during the simultaneous per-

formance of cognitive and motor tasks. Typically, this

interference occurs due to conflicting demands for at-

tention capacity. According to one study, the interfer-

ence occurs because the simultaneous performance of

two tasks requires mental efforts beyond a maximum

operable capacity (Wollacott and Shumway-Cook, 2002).

CMI is observed in individuals of all ages, but it has

been reported more often in elderly people (Dubost et al,

2008) and stroke patients (Yang et al, 2007). Regaining

mobility is essential for independence in daily life and

the first goal in the treatment of stroke patients.

Dual tasks are those that require individuals to per-

form complex tasks at the same time (Silsupadol et al,

2009). The role of cognition and concentration is em-

phasized in dual-task methods, including a cognitive

task in postural and gait control (Silsupadol et al, 2009).

CMI during gait leads to changes in gait patterns

due to walking speed decreases, gait changes, or re-

duced abilities to carry out cognitive tasks, such as

visual motor processing and language fluency. The ex-

istence of CMI during the gait of stroke patients has

not been investigated in detail thus far. Only a limited

number of previous studies have dealt with the effects

of CMI (Lord et al, 2006). Moreover, most studies of

CMI have focused on preferred walking speeds (Bowen

et al, 2001) rather than fast walking speeds. Therefore,

the purpose of this study was to identify the effects of

CMI when patients simultaneously carried out cognitive

tasks requiring different types of concentration during

preferred and fast walking.

Methods

Subjects

Twenty-nine subjects participated in this study.

The participants included 18 males and 11 females.

The mean age of the study participants was 59.9±9.8

years. The mean onset of the stroke was 20 months

ranging 6 to 50 months. They satisfied the following

conditions: 1) diagnosed with a stroke six months

ago or earlier, 2) capable of walking a 14-meter dis-

tance using a walking assistance device, 3) scored at

least 24 points in the Korean version of the

Mini-Mental State Examination and thus were able

to follow the researcher’s instructions.

Experimental procedures

The experiment was conducted with 29 stroke

patients. The subjects first sat on a chair and per-

formed three cognitive training tasks. They then

walked a 14-meter distance three times at each

speed (preferred and fast). In the test, the average

speed during a 10-meter walk was measured. Next,

the subjects were instructed to perform Stroop train-

ing (ST), word list generation (WLG), and serial

subtraction (SS) while walking at the fast speed.

The walking speed was measured three times, and

the average was recorded. They also performed ST,

WLG, and SS simultaneously during their preferred

walking. The walking speed was measured three

times, and the average was recorded. The timed up

and go (TUG) test was also conducted using the

same method as in the 10-meter walk test. The

subjects started the walking and cognitive tasks at

the same time, and they were instructed to do their

best to perform the three cognitive tasks while

maintaining their preferred walking speeds. A larger

CMI value in the experiment indicated a correspond-

ing higher level of inference between the motor and

cognitive tasks.

Evaluation tools and methods 10-meter 

walking test

The 10-meter walking test is generally used as a

walking speed test for patients with neurological

damage. The subjects were instructed to walk in a

straight line for 12 meters. Considering the accel-
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eration and deceleration sections, the time when each

subject passed the 10-meter section, excluding 2 me-

ters at the start and end of the walking line, was

calculated in seconds and recorded (Yang et al,

2008). The subjects had to walk at both their pre-

ferred and fast speed. For each subject, walking at

each speed was measured three times, and the aver-

age was recorded.

Timed up and go (TUG) test

The TUG was used to test the subject’s functional

walking ability. After each subject sat on a chair

with a backrest, he/she got up and walked to a

3-meter point, returned, sat on the chair again, and

leaned against it. The time taken for this entire proc-

ess was calculated (Podsiadlo and Richardson, 1991).

The subjects walked at both their preferred and fast

speed. For each subject, walking at each speed was

measured three times, and the average was recorded.

Training methods

Stroop training (ST)

ST is frequently used as part of a battery of cog-

nitive tests, particularly to measure control functions,

mental control, and flexible responses to functions

that activate the frontal lobe (Goethals et al, 2004).

This test shows words written in various colored

inks to participants and asks them to name the color

of each ink.

Word list generation (WLG)

Subjects in the WLG test are instructed to create

words starting with specific letters, and then the total

number of words created during 10 seconds is calcu-

lated (Dubost et al, 2008). For example, the present

study asked the subjects to produce words starting

with “ㄱ,” such as 가위 and 고구마. In this study,

the cognitive test focused on language fluency.

Serial subtraction (SS)

The SS cognitive task focuses on memory and in-

structs participants to subtract a certain figure from

a certain double-digit number in a reverse manner

(Beauchet et al, 2005). For example, this study asked

the subjects to subtract each number by three start-

ing from 100 or 50, and the number of accurate an-

swers during 10 seconds was recorded.

Data analysis

This study used SPSS ver. 18.0 (SPSS Inc.,

Chicago, IL, USA) for all the statistical analyses.

The Shapiro-Wilk test was performed for a normal-

ity test. A repeated-measure analysis of variance

was used to compare the results of the ST, WLG,

and SS tasks during preferred and fast walking. A

Bonferroni adjustment was used for post hoc

analysis. In all analyses, the level of statistical sig-

nificance was set at α=.05.

Results

The walking time was measured while the

10-meter walking test and the cognitive tasks were

undertaken simultaneously. The results showed stat-

istically significant increases when the subjects per-

formed the ST, WLG, and SS simultaneously while

walking at their preferred (F=78.76, p<.05) and fast

speed (F=62.11, p<.05). This points to interference

between motor and cognitive function and increased

walking times when cognitive tasks are undertaken

during walking. ST had a significantly greater effect

than serial subtraction (SS) and word list generation

(WLG) (Table 1).

The walking time was measured while the TUG and

the cognitive tasks were undertaken simultaneously.

The simultaneous application of the WLG, SS, and

ST during walking at fast speed resulted in statisti-

cally significant increases (F=61.39, p<.05), indicating

the occurrence of CMI. The timed up and go (TUG)

task was affected when performed with fast walking

speed only during Stroop cognitive task (p<.05).
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Word list generation Serial subtraction Stroop training p

FAST
a

27.02±18.63 28.04±19.98 32.38±23.15*
†

.03

PREF
b

32.45±24.38 32.30±22.00 35.90±28.45 .43
a
fast walking speed,

b
preferred walking speed, *significant difference compared with word list generation,

†
significant difference between serial subtraction and Stroop training.

Table 2. Comparison of the speed of TUG walk task in three different CMI conditions

Word list generation Serial subtraction Stroop training p

FASTa 22.95±14.19 24.25±17.34 26.35±19.14*† .00

PREFb 28.06±16.19 27.63±17.36 30.75±19.26*† .02
a
fast walking speed,

b
preferred walking speed, *significant difference compared with word list generation,

†
significant difference between serial subtraction and Stroop training.

Table 1. Comparison of the speed of 10-meter walk task in three different CMI conditions

However, there were no statistically significant dif-

ferences (F=56.55, p>.05) during the simultaneous

application of the WLG, SS, and ST while walking

at preferred speeds (Table 2).

Discussion

This study was conducted to identify CMI during

the performance of various cognitive tasks at differ-

ent waling speeds. Research has shown that strategic

methods are employed to improve the performance of

dual tasks (Bherer et al, 2005; Ruthruff et al, 2006)

and that improvements in the performance of these

tasks is achieved through dual-task training, not

through single task training (Silsupadol et al, 2009).

Interference during dual exercises is regarded as

important for the following reasons: First, the simul-

taneous performance of two exercise tasks can be

used as a treatment method itself. Second, patients

exhibit various levels of interference during dual

tasks. Therefore, each individual’s ability to perform

exercise tasks can influence his/her treatment plan.

Third, most daily activities involve various exercise

elements. For this reason, tests of the performance of

dual tasks may provide better indicators of their abil-

ity to carry out functional activities of daily living

compared to tests of their performance of single tasks

(Yang et al, 2007).

In this study, the subjects took part in the

10-meter walking test at preferred and fast speed

while performing the ST, WLG, and SS tasks. They

also completed the TUG test in the same manner as

in the 10-meter walking test. When the subjects

performed the ST, WLG, and SS at fast speed dur-

ing the 10-meter walk, gradual speed decreases were

observed. When they performed the three cognitive

tasks during the 10-meter walk at their preferred

speeds, speed decreases were also discovered. This

suggests that the performance of cognitive tasks

during walking can slow down walking speeds and

expose walkers to higher risks by causing cognitive

distraction in response to external environments

(Hatfield and Murphy, 2007).

O’Shea et al (2002) examined changes in gait fea-

tures, such as walking speed and stride distance,

during the performance of cognitive tasks, including

subtraction during standing and walking, by patients

with Parkinson’s disease who had reduced motor

abilities. They confirmed improvements in the per-

formance of cognitive tasks and overall walking abil-

ity and declines in the number of wrong answers.

Stroke patients with reduced cognitive functions or

walking difficulties experience declines in the ability to

process cognitive and motor functions simultaneously.

Therefore, they show increases in CMI (Regnaux et

al, 2005). Eventually, this leads the patients to avoid

dual-task training for safe walking, and they experi-
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ence substantial difficulties in their daily and social

life (Plummer-D’Amato et al, 2008). One study that

reported CMI in stroke patients during walking

stressed the necessity for walking speed changes,

depending on the conditions of CMI after the stroke

(Dennis et al, 2009). In the present study, speed de-

creases were observed when the patients underwent

the TUG test at fast speed while performing the

three cognitive tasks, indicating the occurrence of

CMI during fast walking while performing cognitive

tasks. However, in the TUG test, the walking speed

was statistically significant differences only in the

WLG and SS tasks. On the other hand, the walking

speed during the simultaneous performance of the

ST, WLG, and SS at the patients’ preferred speeds

increased, but this result was not statistically

significant. One study where the subjects were

trained to walk while performing SS and calls in a

reverse manner found no differences between the test

group and control groups in improved walking

speeds and the number of strides according to time

(Han, 2012). This may have been due to the absence

of a curved path in the intervention among the com-

ponents of the study’s gait training program. In the

present study, when the subjects completed the TUG

at their preferred speeds while performing the various

cognitive tasks, the effects of CMI were not statisti-

cally significant. This was probably largely due to

the subjects losing their concentration during walking

because of their fear of walking around a corner.

A number of existing studies trained patients to

perform walking and cognitive tasks simultaneously.

However, only a few studies have identified the most

effective dual tasks. Therefore, this study examined

the most effective task among various cognitive

tasks. The method used to measure the effects of

CMI in this study is likely to be applicable as an

intention method in gait training.

The limitation of this study is the small number

of subjects, which makes it difficult to generalize the

study’s findings. Additional studies should identify

whether the application of consistent training pro-

duces any differences in CMI. Based on the results

of this study, the simultaneous performance of walk-

ing and ST may be used for cognitive-motor dual-

task training in rehabilitation programs aimed at

stroke patients.

Conclusion

This study examined stroke patients cognitive ex-

ercise interference when WLG, SS, and ST tasks

were applied at the same time while their walking at

a fast speed and a preferred speed. The result was

that time increased while both walking tasks and

stroop cognitive tasks were undertaken simultaneously.

Therefore, based on this study results, simultaneous

gait and Stroop training may be used as a training

program suitable for stroke patients’ rehabilitation

purposes in dual-task cognitive exercise training

when treating them.
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