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Abstract

Background: The effects of exercise and physical
activity on dual-task performance have attracted many
researchers’ attention in the last decade due to the
vulnerable nature of the industrialized life style. The aim
of this work was to study the effect of physical exercise
on dual-task performance of young healthy individuals
in which the dual-task scenario is defined as balance
control and reaction to external stimulation.

Methods: To do this, experimental tests were
performed on one hundred people using a
simultaneous measurement of the equilibrium and
reaction time. Participants in this study were men
with an average age of 24 + 5 years and an average
weight of 73 + 5 kg. The performed tests included a
single-task balance control test, a single-task
response test, and a dual-task balance and reaction
time test before and after five minutes of jogging.
Results: In this research, indicators were introduced
for assessing the function of the nervous system in
the single- and dual-task conditions. Comparison of
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the performance of motor control of the brain in
single and dual activity showed that the performance
of motor control in dual task balance was reduced by
an average of 19%. On the other hand, the reaction
time of the nervous system in dual-task mode
increased by about 15% relative to the single mode.
Conclusion: By comparing the results before and
after exercise, we conclude that for most of the test
subjects, the impact of an action changes the
performance of dual activity to the extent that
exercise can improve balance and at the same time
increase reaction time. But despite this improvement,
the accuracy of people is often reduced.

How to cite this article: Dadarkhah A, Seyfi B, Abedi
M, Arfaece M. The Effect of Jogging on Dual-Task
Performance of Nervous System, Equilibrium
Control, and Cognitive Reaction. Phys Med Rehab
& Electrodiagnosis 2020; 2(1): 12-20.

Introduction

Maintaining balance (static or dynamic)
along with performing a cognitive task is a
very important issue that everyone faces in
performing many daily activities. The
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enormous importance of this issue on the one
hand and the aging problem of many
societies on the other hand has led to the
study of dual-task performance mainly in the
elderly. Due to the risk of falls and its
consequences, maintaining balance and
performing a cognitive task in the elderly
is important.1-3 However, in  many
industrialized communities, younger people
are also at risk of related injuries. This is much
more pronounced in people with sensitive jobs
such as surgeons, athletes, the military
personnel, and so on. During daily activities, as
people engage in more complex tasks with
higher levels of brain and muscle involvement,
factors such as focusing on multitasking and
allocating attention to different tasks in
progress, high response speed, and spatial
focus will also be involved.4>

In many activities, we require quick
thinking, high decision speed, and well-
defined actions, along with other tasks such as
balancing. Thereby, two factors of reaction
speed together with a balance of positioning
are greatly enhanced in activities ranging from
simple and basic levels such as ball catching
and balance to advanced levels such as
balancing on bicycles and showing
appropriate and timely reaction to when
dealing with obstacles.¢ Maintaining balance is
an important issue in a variety of movements
or maintaining the body in a particular
situation. Balance maintenance is an
important  sensory-motor function and
requires the ability to collect inputs from
various sensory devices (visual, somatic, and
atrial) and to use a combination of sensory
signals to coordinate motor activity in order to
maintain  balance. Given the matters
mentioned and given the importance of the
subject, up to now, many studies have been
performed to understand the effective factors
as well as to suggest strategies for improving
the  neuromuscular  performance  in
bifunctional activities.”

One of the most basic and commonly-used
scenarios for studying the function of the
nervous system is in the dual task of

measuring one's ability to maintain balance
as well as one's precision and speed in
response to an external stimulus. It is worth
noting that the reaction rate to external
stimulation is usually known as simple
reaction time. Simple reaction time is the
entire time interval between the stimulation
and the reaction in the individual. In fact, this
time consists of several parts. After the
stimulation is applied, there is a delay, which
initially occurs when the receiving processor
begins to move to its maximum. The second
time will be spent on centrally transmitting
sensory pulses to the motor fibers and
eventually there will be a time delay for
muscle contraction and movement initiation
for the responding organs. Any factor
affecting any of these processes will clearly
affect the reaction time. Since most studies on
reaction time deal with the overall time of the
process, time studies have been investigated.8

In 1999, an experiment was performed on
three different tasks, namely, the sitting task,
the task of pursuing motor vision, and the dual
task of pursuing motor vision while
maintaining balance on six adult faces.® Both
experiments were performed with and without
disturbance of equilibrium. The purpose of this
study was to find a significant relationship
between the time required to pay attention to
the task and the time needed to restore balance.
In this experiment, people had to stand on
pedals that were rotatable and in the dual task,
they had to try to maintain balance while
pursuing a moving target on the computer
screen. The second root mean error was
recorded in the experiment. In 86% of the
experiments, there was a delay in pursuing the
moving target when the balance was disturbed
(small and sudden movement of the pedals).
Researchers in this study believe that when
disturbance in equilibrium occurs, attention is
removed from the visual target and focuses on
maintaining balance and, ultimately, by
measuring the interruptions created in the
various phases of equilibrium, they examined
the amount of attention required to maintain
balance in its various phases.?
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The purpose of the title of this study was to
draw the conclusion that visual stimuli
involved part of the attention, but in sensitive
conditions, namely disturbance of balance,
attention was removed from the second task
in accordance with the "first balance" strategy.
It focuses on balance to achieve stable
conditions. These results are also found in
other articles.’® Numerous studies have been
conducted to investigate the balance. Since
balancing is done automatically in the body,
checking it needs to provide conditions that
either disengage it or make it easy to access.
To this end, many studies have examined
equilibrium along with one or more other
tasks that play a challenging role in
equilibrium. Studies have also addressed the
simple balance task of people with various
brain or limb injuries, older people, or people
with certain types of illness.11.12

These studies, which may not be fully
focused on equilibrium, have sought to study
the performance of this spectrum of
individuals, and this has been the focus of
much attention in the field of rehabilitation.
In another set of studies, various influencing
factors such as age, gender, level of brain or
physical injury, types of disease, and
multiple tasks have been implicated.!2

In addition to research investigating the
mechanism of performance and the interplay
of tasks on performance, extensive studies
have been performed to improve the ability
to maintain static and dynamic equilibrium
as well as to enhance the performance of the
second task.1315 Physical activity is one of the
fundamental approaches that have been
suggested to enhance the ability to perform a
dual task, especially in the elderly.’ Indeed,
exercise or physical activity is considered as
the simplest way to improve the dual-task
performance such that the physical activity
ameliorates the impact of the cognitive task
on postural sway.l” It has therefore been
suggested to be incorporated in fall
prevention programs.1218

Other studies show that some exercise types
are gently effective, but most of the reported

research often have large amounts of missing
data, insufficient methods, and small sample
sizes that indicate a lack of evidence on the
effectiveness of exercises such as walking and
cycling to improve clinical balance.1920

The aim of the current effort is to
investigate the effect of short-time jogging on
the dual-task performance of young and

healthy individuals. In order to obtain
informative results, the performance of static
balance, cognitive task, as well as dual task
was measured before and after short-time
jogging paradigm.

Experiment protocol: In order to investigate the
effect of jogging on neuromuscular
performance in dual-task conditions, tests
were performed on 100 healthy men with a
mean age of 24 + 5 years and mean weight of
73 £ 5 kg. All subjects were considered in
exactly the same conditions and to avoid
repetitive learning effects, the experiments
were performed after only one training
session. The test process was such that the
person was positioned on the balance plate
and, while maintaining balance which was
equivalent to keeping the balance plate in a
horizontal position, was asked to respond
quickly to light stimuli and show them
correctly. This process was repeated for five
minutes before and after the jogging. The
description of the experimental apparatus is
presented in the next subsection.

Experimental setup: An apparatus designed
and built at the AJA University of Medical
Sciences, Tehran, Iran, was used to perform
dual-task experiments.?! To better explain the
components and functions of the apparatus,
some related concepts are reviewed first.

When an external force enters the body, or
when a person moves in a particular manner
so that the center of gravity of his body is
removed from the support space (such as
when running or standing on a bullet), the
only way one can prevent his/her body from
falling is to create appropriate internal torque
opposing external torques created by weight.
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In all mentioned conditions, whether the
internal forces disrupt the equilibrium or the
external forces affect the balance, the
mechanism for maintaining the equilibrium
is the same. The body reports to the brain
through sensory nerve cells. If the balance is
disturbed, the brain detects the amount of
deviation created and provides the muscles
with proper commands to neutralize the
momentum created through the motor nerves.
By executing the command of the brain, the
muscles try to keep the center of gravity in the
space of support. If any of the organs
mentioned in this mechanism are damaged,
the balancing act would be a problem and
this is a kind of pathological condition in
many diseases. The device used in this study
works, considering the above-mentioned
paradigm to assess the balance performance.

The apparatus used in this study consists of
two modules of equilibrium evaluation and
reaction time measurement. The balance
module consists of a circular plate called a
balance plate, located on a ball-and-socket joint,
which is schematically shown in figure 1a.

To wuse the device, the test targeted
individual is positioned on the balance plate.
As the center of gravity changes, the center of
pressure of the legs changes as well, and
accordingly the balance plate deviates from
horizontal position. In fact, the plate deviation
represents the center of gravity deviation. The
position of the center of gravity line is

pp— T —

Figure 1. Experimental setup: a) an overview of the software user interface; b) schematic view of )

ball and socket joint

measured using four force sensors (load cells)
located below the balance plate. In addition,
the sensitivity of the device for the center of
gravity is adjustable by software through a
computer screen (Figure 1b). The better the
individual’s balance, the less the deviation
from the center of gravity force or the center of
pressure of the legs from the center of the
plate coordinate axis. The reaction time
module of the device consists of an ergonomic
handle which includes reaction buttons and
light-emitting diode (LED) lights to stimulate.
This module includes simple time and
diagnostic tests. In the simple temporal test,
we present a simple optical driver to the user
and she/he can show a suitable response with
pressing a button. In this kind of reaction,
there is just a single driver and a single
response. In the diagnostic test, there are
multiple drivers but there is only a single
related response.

Performance evaluation indices: Based on the
explanations provided for the neuromuscular
mechanism of balance and the structure and
function of the device, a variety of quantitative
indicators can be used to measure the
readiness or ability of individuals to maintain
balance under normal and dual-task
conditions. To do this, it is simply necessary to
calculate the indices of equilibrium in both
normal and dual-task situations separately
(the parameter measurement section explains
how to measure it).

moving plate

spring bed
supporting spring

) ~ ¥
.

balance system mechanism; c) schematic view of testing procedure; d) real experiment environment
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Then, a single index can be used to
evaluate the bilateral effectiveness of either
motor control (equilibrium) or cognitive
(reaction time) activities. The index is
presented in the following equation:2
1©) _©

b
R 100 (1)
b

DTEpatance (%) =

Where DTEpuanc is the effect of dual-task
activity on the preserving balance and Iy is the
index of preserving balance in which
superscripts (S) and (D) denote single task
and dual-task conditions, respectively. We
used a similar formulation to measure the
reaction time index under normal conditions
and performing the dual-task activity. The
difference is that in calculating the reaction
time index, since its low value indicates
better performance, a negative sign is added
to the equation:

) _ ;@
DTErr (%) = % x 100 (2)
I

RT

Where DTErr is the value of susceptibility
to dual-task activity, I&rr is the index of
preserving balance in the single activity, and
IORr is the index of preserving balance in
dual-task activities. Interactivity of two tasks
is the crucial factor in the evaluation process
of the nervous system in performing dual-task
activities. For defining a parameter as a single
index for the ability of individuals to perform
dual tasks, DTPI has been defined as below:

[1 _ DTERT + DTEbalance]

DTPI(%) = >

(©)
x 100

Where DTEpume and DTErr are the
indexes of the susceptibility of the motor
control activities and cognitive activities to
dual-task, respectively.

Parameters measurement: As shown in figure
2, the balance plate is divided into four
circular sections and four quadrants.
According to the device settings, the central
zone, represented by the letter A, is known as
the normal zone, and zones A to D indicate

the individual's weakness in balance,
respectively. Therefore, depending on what
percentage of the test time the person's center
of mass is mapped to the area, one's ability to
maintain balance is measured. In other
words, the more successful individuals in
maintaining balance are, the lower the center
of mass of the oscillation will be and thus the
percentage of time it is out of zone A.
Accordingly, the performance evaluation
index of the brain motor control and the
nervous system as a whole is preserved in the
biomechanical equilibrium equal to the
percentage of time the body's center of
gravity is present in zone A. For example, the
number 100 for this indicator indicates that
the person has performed perfectly well and
has been able to maintain biomechanical
balance throughout the test.

motion control

Figure 2. Four circumferential zones in order to show the
gravity line; left: A schematic view of system operation

As mentioned earlier, the cognitive task
includes correct and quick reaction to
external color light stimulation. Given the
multiple steps involved in the formation of
the reaction process to external stimulation
and the origin of the different effects of each
of the reaction time subgroups, the analysis
of the results requires a presentation of some
of the data obtained to illustrate brain and
overall musculoskeletal system function in
different parts of the system that are
responsible for each of the subgroups
mentioned. In other words, the analysis of
the results had to elucidate the extent to
which each of the different parts of the
nervous system played a role in generating
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the overall reaction time. To quantify this
process, the reactions shown over a time span
of more than eight tenths of a second or the
wrong color selection are regarded as
inaccurate responses, and conversely, the
correct response is the correct reaction by
selecting and pressing the relevant button in
less than eighteen seconds. According to the
device capabilities, the reaction time test
results can be divided into three categories:
correct answers, incorrect answers due to
wrong color selection, and incorrect answers
due to delayed reaction.

The results of the experiments performed
here are presented in different forms for
better analysis and interpretation. As
described in the description of the
experiments, this study examines the
performance of the neuromuscular system of
young healthy people in different conditions
such as a single task of balance control, single
task of reaction time, and dual-task activity
including balance control and cognitive
reaction. All experiments were repeated after
about 5 minutes of jogging to investigate the
effect of physical activity on dual-task
performance. It is worth noting that in the
simultaneous dual task of maintaining
biomechanical balance and responding
quickly and correctly to an optical
stimulation was considered. The experiment
was performed on 100 healthy young men.
According to the aforementioned points, the
evaluation index of the performance of the
brain motor control and generally nervous
system during preserving biomechanical
equilibrium is equal to the duration of
presence of the center of gravity of the body
inside region A. To compare the function of
brain motor control in dual-task condition

with a single task and in other words, the
amount of susceptibility of motor control
function for performing a cognitive task, the
index of single and dual-task has been
calculated. The values of this index and the
index of susceptibility DTEpauame before and
after jogging are presented in table 1.

As noted earlier, the dual-tasking process
must take into account the interplay of both
motor control and cognitive reaction. To this
end, according to the results presented in
table 1, which relate to the balance
controlling ability’s effect on dual-task
conditions, similar parameters or indices for
cognitive activity, namely a quick and correct
response to stimulation, are calculated and
presented in table 2.

As mentioned earlier, the incorrect
response in the reaction time test is defined in
two categories: late reaction and incorrect
color selection. Table 3 shows each of these
responses separately. Also, in this table,
results of the reaction time test before and
after the morning exercise of candidates are
visible. To evaluate the hypothesis about the
effect of the time of the test on the results,
distinct results for studies in the morning and
afternoon have been presented.

Discussion

Diversity of motion tasks and environmental
conditions have significant influence on the
equilibrium mechanism during standing and
walking phases. For example, development
of coordination of equilibrium during
walking into dark rooms or passing streets is
difficult. During walking on sand, ice, or
moving surfaces, the need for equilibrium
increases. Vision has a great
role in gathering required data about the
surroundings, their variations, and
anticipated required adjustments.

Table 1. Balance performance index and the effect of dual-task before and after exercise
After jogging Before jogging

DTE} 1ance Percentage of

zone A (dual task)

39+5 50+£11 82£5

Percentage of zone
A (single task of
balance control)

DTE} 1ance Percentage of

zone A (dual task)

Percentage of zone
A (single task of
balance control)

Data are presented as mean + standard deviation (SD)
DTE: Dual task effect
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After jogging
Percentage of
correct response

DTERr(%)

Table 2. Cognitive task performance index and effect of dual-task before and after jogging

Percentage of correct
response (single

(dual task) cognitive task)

53 71£5 7511

5+2

DTE g7 (%)

Before jogging
Percentage of Percentage of correct
correct response response (single

(dual task) cognitive task)
78+ 4 81+9

Data are presented as mean + standard deviation (SD)
DTE: Dual task effect

Maintaining equilibrium during walking
and standing is different. During standing,
the aim is to maintain the center of gravity in
a level of reliance. While in walking, the main
aim is to control instability. Also, the
performance of the nervous system in doing
cognitive tasks is under the influence of
maintaining equilibrium and motor control
activities. The rate of reaction depends on
different factors. As a result, we can conclude
that maybe there is not a general value for the
reaction time. Various factors are effective in
the responses and the time of reaction.
Momentum times are different in various
organs and depend on the persistence of
body, age, exercise, and gender.

The data obtained from the various tests
performed in this study yield meaningful
results. Based on the results obtained, by
comparing the presence of the center of
gravity in different zones of the balance plate
including zone A, which is called the normal
zone, it is revealed that the percentage of
time in which the center of gravity was in
zone A is considerably different before and
after an exercise activity. As shown in figure 3,
under dual-task condition, exercising improves
the brain performance in maintaining balance.
Since the musculoskeletal system plays a key
role in maintaining balance and since the

lower limb muscles are significantly active in
jogging, there is a significant effect of leg
muscle involvement and activation in terms
of exercise results on better maintaining
biomechanical balance in dual-task activity.
Also, comparison of brain motor control
performance in single and dual-task activity
(before jogging) showed that balance control
performance  in  dual-task  condition
decreased by 19% on average.

60

m Before Excercise '+ After Exercise

A B C

Figure 3. Presence of the center of mass in four
cercumfrential zones, before and after the exercise

N w S al
o o o o

Percentage of Presence

=
o

|
D

Based on data obtained from cognitive
brain activity, the percentage of the quick and
true responses in dual-task conditions is
reduced. In other words, the reaction time of
the nervous system in dual-task mode
increases by about 15%.

Table 3. A comparison between cognitive function of brain in correct and fast reaction to
optical stimulation in dual-task paradigm

All cases

False
Incorrect
9+3

True
71+6

Incorrect
10+ 2

Delayed
19+3

Delayed
62

All cases
Delayed Ll
78 +9

9+3 134 11£2

15+4

True

85+7 17+4

Afternoon

True

Delayed Incorrect Delayed Incorrect

74+7 18%£5 13£3

Data are presented as mean + standard deviation (SD)
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By comparing cognitive function before
and after exercise, we conclude that exercise,
or in other words fatigue, increases reaction
time. This result was observed for both
groups of test subjects in the morning and
afternoon. Another point to note is the
definition of correct and incorrect answers
that was mentioned earlier. Incorrect answer
means wrong or delayed answer. The effects
of dual-task activity on the cognitive function
of the brain were greater in tests performed
in the morning than in the afternoon tests.
Similarly, analysis of the results before and
after exercise showed that incorrect answers
in pre-exercise tests mainly consisted of
wrong answers; but post-exercise tests
mainly consisted of delayed responses.
Examination of the values obtained for the
various impact indicators presented in table 3
yields significant results.

For better interpretation of these results, the
conceptual diagram in figure 4 can be used.

Figure 4. The effect of cognitive and motor control
activities on each other

In this diagram, the effect of cognitive
activity on dual activity and vertical axis shows

References

1. Gobbo S, Bergamin M, Sieverdes JC, Ermolao A,
Zaccaria M. Effects of exercise on dual-task ability
and balance in older adults: A systematic review.
Arch Gerontol Geriatr 2014; 58(2): 177-87.

2. Sherrington C, Whitney JC, Lord SR, Herbert RD,
Cumming RG, Close JC. Effective exercise for the
prevention of falls: A systematic review and meta-
analysis. J Am Geriatr Soc 2008; 56(12): 2234-43.

the effectiveness of motor control activity or
maintaining balance on dual activity.
Accordingly, the closer the point to the center
is, the better the performance of the brain and
the nervous system in performing dual tasks
in general will be. According to this diagram,
the circular and square points represent the
pre- and post-exercise tests, respectively.

Conclusion

The exercise and physical activity have been
considered as an important issue in research
literature due to the vulnerable nature of
industrialized life style. In this work, the effect
of physical exercise on dual-task performance
of youth healthy individuals has been
explored. A dual-task experiment was defined
as a balance controlling and fast/correct
reaction to external stimulation. Several
quantitative and meaningful results were
obtained and interpreted as presented in
previous sections. These results show that for
most testers, the effect of one activity on the
dual activity is that the exercise improves
balance and reduces reaction time. But
despite this improvement, people's accuracy
often declines.

Acknowledgments

Authors thank Imam Reza Hospital staffs for
their  assistance with  performing the
experiments. We would also like to show our
gratitude to all participants who were very
patient, and their contributions improved the
research output.

Conflict of Interest

Authors have no conflict of interest.

3. Sheridan PL, Solomont J, Kowall N, Hausdorff JM.
Influence of executive function on locomotor
function: divided attention increases gait variability
in Alzheimer's disease. J Am Geriatr Soc 2003;
51(11): 1633-7.

4. Andrade LPd, Rinaldi NM, Coelho FGdM, Tanaka
K, Stella F, Gobbi LTB. Dual task and postural
control in Alzheimer's and Parkinson's disease.

Phys Med Rehab & Electrodiagnosis/Winter 2020; Vol. 2, No. 1 19
http://jpmre.org



?779?

Motriz: Rev Educ Fis 2014; 20(1): 78-84.

5. Baddeley A, Della SS, Papagno C, Spinnler H.
Dual-task performance in dysexecutive and
nondysexecutive patients with a frontal lesion.
Neuropsychology 1997; 11(2): 187-94.

6. Belghali M, Chastan N, Davenne D, Decker LM.
Improving dual-task walking paradigms to detect
prodromal Parkinson's and Alzheimer's Diseases.
Front Neurol 2017; 8: 207.

7. Ebersbach G, Dimitrijevic MR, Poewe W.
Influence of concurrent tasks on gait: A dual-task
approach. Percept Mot Skills 1995; 81(1): 107-13.

8. Teichner WH. Recent studies of simple reaction
time. Psychol Bull 1954; 51(2:1): 128-49.

9. Mcllroy WE, Norrie RG, Brooke JD, Bishop DC,
Nelson AJ, Maki BE. Temporal properties of
attention sharing consequent to disturbed balance.
Neuroreport 1999; 10(14): 2895-9.

10.Bowen A, Wenman R, Mickelborough J, Foster J,
Hill E, Tallis R. Dual-task effects of talking while
walking on velocity and balance following a stroke.
Age Ageing 2001; 30(4): 319-23.

11.Ren Y, Yu L, Yang L, Cheng J, Feng L, Wang Y.
Postural control and sensory information integration
abilities of boys with two subtypes of attention
deficit hyperactivity disorder: a case-control study.
Chin Med J (Engl) 2014; 127(24): 4197-203.

12. Brauer SG, Woollacott M, Shumway-Cook A. The
influence of a concurrent cognitive task on the
compensatory stepping response to a perturbation
in balance-impaired and healthy elders. Gait
Posture 2002; 15(1): 83-93.

13.Fritz NE, Kegelmeyer DA, Kloos AD, Linder S,
Park A, Kataki M, et al. Motor performance
differentiates individuals with Lewy body
dementia, Parkinson's and Alzheimer's disease. Gait
Posture 2016; 50: 1-7.

14. Maylor EA, Wing AM. Age differences in postural

stability are increased by additional cognitive
demands. J Gerontol B Psychol Sci Soc Sci 1996;
51(3): 143-54.

15. Camicioli R, Bouchard T, Licis L. Dual-tasks and
walking fast: relationship to extra-pyramidal signs
in advanced Alzheimer disease. J Neurol Sci 2006;
248(1-2): 205-9.

16. Chodzko-Zajko WJ, Proctor DN, Fiatarone Singh
MA, Minson CT, Nigg CR, Salem GJ, et al.
American College of Sports Medicine position
stand. Exercise and physical activity for older
adults. Med Sci Sports Exerc 2009; 41(7): 1510-30.

17. Pellecchia GL. Dual-task training reduces impact of
cognitive task on postural sway. J Mot Behav 2005;
37(3): 239-46.

18. Woollacott M, Shumway-Cook A. Attention and the
control of posture and gait: a review of an emerging
area of research. Gait Posture 2002; 16(1): 1-14.

19.Howe TE, Rochester L, Neil F, Skelton DA,
Ballinger C. Exercise for improving balance in
older people. Cochrane Database Syst Rev 2011;
(11): CD004963.

20. Muhaidat J, Skelton DA, Kerr A, Ballinger C,
Evans JJ. Are we using the right dual task tests to
detect mobility problems? Perspectives from older
people. Inj Prev 2010; 16(Suppl 1): A226.

21.Seyfi B. Designing and fabrication of electro-
mechanical system for evaluation of dual-task
performance [Research project]. AJA University of
Medical Sciences; 2016. [In Persian].

22. Plummer P, Eskes G. Measuring treatment effects on
dual-task performance: a framework for research and
clinical practice. Front Hum Neurosci 2015; 9: 225.

23.Mochizuki H, Tashiro M, Gyoba J, Suzuki M,
Okamura N, Itoh M, et al. Brain activity associated
with dual-task management differs depending on
the combinations of response modalities. Brain Res
2007; 1172: 82-92.

20 Phys Med Rehab & Electrodiagnosis/Winter 2020; Vol. 2, No. 1
http://jpmre.org



