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ABSTRACT

EFFECT OF COGNITIVE TASK DIFFICULTY ON POSTURAL CONTROL

Gursoy, Zeren Gorkem
MSc., Physical Education and Sports Department
Supervisor: Assoc. Prof. Sadettin Kirazci

Co-Supervisor: Assoc. Prof. Pinar Arpinar Avsar

October 2019, 99 pages

Human posture control is accompanied usually in daily life with other tasks, such as
cognitive tasks. This thesis is on the effects of cognitive task difficulty on postural
control, the postural control mechanisms, attention and its relation to posture
control and finally the dual task environments for posture control. The experiment’s
set an individualized difficulty level for each participant. Results indicate that when
motor and challenging cognitive tasks are completed under dual task conditions, dual

task interference was observed.

Keywords: Posture Control, Cognitive Task, Dual Task Paradigm, Dual Task

Interference, Difficulty of Cognitive Task
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BiLISSEL GOREV ZORLUGUNUN POSTUR KONTROLU UZERINE ETKISI

Gursoy, Zeren Gorkem
Yiiksek Lisans, Beden Egitimi ve Spor Bolim{i
Tez Yoneticisi: Doc. Dr. Sadettin Kirazci

Ortak Tez Yoneticisi: Dog. Dr. Pinar Arpinar Avsar

Ekim 2019, 99 sayfa

insan postiriiniin kontroli genellikle giinliik yasamda baska gorevler ile birlikte icra
edilir. Bu gorevlerden bir tanesi bilissel gorevlerdir. Bu tez, bilissel gérev zorlugunun
postir kontrolline etkisini arastirmaktadir. Her bir katilimci icin 6zellestirilmis zorluk
derecesi belirlenerek calismadaki zorluk parametresinin islerligi kontrol edilmistir.
Sonuc olarak motor ve bilissel gérevin ayni anda icra edildigi durumlarda yeterli zorluk

seviyesine erisildigi takdirde ikili gorev cakismasinin meydana geldigi gbzlenmistir.

Anahtar Kelimeler: Postiir Kontrolii, Bilissel Gorev, ikili Gérev Paradigmasi, ikili Gérev

Cakismasi, Bilissel Gorev Zorlugu
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CHAPTER 1

INTRODUCTION

This Introduction chapter is divded into two parts, first one being a general
introduction tackling lightly the issues of attention and dual task paradigm, the
second one being an introduction to postural control concept itself. All these issues

will be discussed furthermore in Literature Review Chapter.

1.1. An Entrance

From a gymnast balancing on two hands in a competition, a basketball player who
jumps high to score a point and lands on both feet, a businesswoman rushing to her
meeting and as she is running with her high heels on a crowded street to an old
grandfather who has difficulty climbing up the stairs, a blind person trying to find his
way to the train station, a child with cerebral palsy trying to eat as he sits down- the
diversity of humans and their lives have one common thing: we all move even if it is
within the boundaries of our capabilities and limitations. And every move is
accompanied by a certain posture, whether it is the most commonly used one among
humans or it is a compensation for a lacking sense or a limb. No move is without
posture. Actually as Denny-Brown wrote, “there are no separate mechanisms for
posture and movement. Postural reactions are fundamental in neural organization,
and movement in its most elementary form is seen as a modification of posture”
(Denny-Brown, 1964). Spending most of our daily lives on two feet, human bipedal

stance is the core of human posture. Except for the tasks that require sitting and lying



down, most of our daily tasks require us to control our bodies in an erect posture on
our two feet. We might spend a day not sitting for a second, but it is almost
unthinkable to not stand on feet for 24 hours. Even a public servant or an office
worker who sits around 8 hours per day needs to go to the supermarket, walk to his
car or the bus stop, do house chores standing, transport from one place to another
on two feet. Whether sitting or standing or being on fours or laying prone on a bed,
human posture control accompanies movement or non-movement in every moment

of life. That sounding very abstract to our ears, what is posture? How is it controlled?

First, human postural control can be defined as the ability to maintain equilibrium
and orientation in a gravitational environment. For these reasons, postural control
has two main purposes: postural orientation and postural stability. The system that
controls stability and orientation of posture is a complex one, which organizes related
senses and commands muscles to act on the musculoskeletal system (Horak, 1987).
Postural orientation is the active control of body alignment and tone with respect to
gravity, support surface, visual environment, and internal references. Postural
stability is the coordination of sensorimotor strategies to stabilize the CoM (Center
of Mass) during voluntary or externally triggered disturbances (Horak, 2006).
According to Massion (Massion, 1994) postural control system has two main
functions: firstly, it is for creating a resistance against the gravity and making sure the
balance is maintained. Secondly, fixing the orientation and position of body segments
with respect to the external environment. Basically, either being stationary or
moving, or stabilizing after a voluntary or an involuntary move, taking a stance for
completing a task are all controlled by the Postural Control System. Since the human
posture is almost never the task itself in daily life and it is accompanied by other tasks,
traditional views on posture control claim that it is achieved without paying attention
to it and its organization is done automatically by numerous systems working
together and this work is completed unnoticed. But is that the case? How is the
postural control system working? Is it truly an automatically occurring process or do

we need to organize specifically to achieve it and pay attention to it? If posture is like



the “shadow of movement” (Hunt, 1922), then does it mean it needs very little
attention to be planned? If human bipedal stance is very well learned task (Dault,
Frank and Allard, 2001), then does it take up any space at all in our attentional
sources? This belief that posture control requires very little attention was challenged
in the past years. Kerr et al. (Kerr, Condon and McDonald, 1985) concluded that
cognitive processing might rely on neural mechanisms which are also used for
posture regulation, after making participants complete a balance task with a
visuospatial cognitive task. Andersson (1998) et al. concluded that they observed a
deterioration in the mental performance when accompanied by a demanding balance
task. They stated that healthy participants swayed less when they were assigned the
cognitive task but participants with vertigo/dizziness swayed more with a cognitive
task. In the quest of finding answers, the literature has adopted dual task paradigms
for determining the distribution of attentional sources for completing multiple tasks.
Such designs are referred to as “dual task studies” where two time-sharing tasks are
concurrently performed. Dual tasks provide the opportunity for studying attentional
demands of either task and they allow observing the possible interference tasks.
Usually, one task is a cognitive one and the other one is a motor one. The idea behind
this design is that central processing capacity has a limit and it needs to be distributed
among the concurrent tasks. As can be seen in Figure 1, for the attentional capacity
to cope with all the tasks successfully, the capacity should be available for all the

tasks.

— Attentional Capacity

Attentional Demands

Task A Task A+B

Figure 1. Central Processing Capacity



Although central processing is thought to have a capacity, there are opposing voices
to it. Some claim that the capacity of attention may vary depending on the task
requirements (Kahneman, 1973). Some claim that central processing does not use
one limited capacity but multiple sources (Navon & Gopher, 1979). Figure 2 shows
the perspective of multiple resources theory of attention. Different and non-related
sources are used for the task completion and dual task interference can only occur

when two tasks use the same resource (Guttentag, 1989).

stages
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Figure 2. Multiple Resource Model (Wickens, 1992)

The literature offers different suggestions on the effect of a cognitive task on postural
tasks. While some claim that focusing on an additional task enhances the control of
posture, other claim it to deteriorate. It is believed that for understanding the role of
attentional sources in postural control, the attentional capacities should be
challenged and it can be done by increasing the difficulty of either or both tasks. In
this study, instead of choosing different cognitive tasks for varying the difficulty,
individualized difficulty levels in the chosen cognitive task was set with the aim of

understanding whether there might be an interference between motor and cognitive



tasks. It is believed that different cognitive tasks load cognitive functions in different

manners and it should be preferred to use the same task but different difficulty levels.

1.2. AnIntroductory Look at Postural Control

Moving our legs, hands, head, eyes for a voluntary action, for communicating with
other humans, making changes in the environment we live in and still keeping
balance and posture is a result of a complex organization of a conversation between
motor and sensory systems (Ghez and Krakauer 2000). In order to perform any
activity, controlling of posture is necessary to change direction and then stabilize the
body. So, what is postural control? Postural Control is defined as controlling the
body’s position in space for dual purposes of stability and orientation (Shumway-
Cook, 162). Orientation and stability must be briefly mentioned. Postural orientation
is defined as the active control of body alighnment and tone with respect to gravity,
support surface, visual environment and internal references (Horak, 2006). The
vestibular system is responsible for the relationship with gravity, the somatosensory
system is in charge of the relationship between different body segments and the
visual system controls the relationship of the body with environment. Postural
stability is often used interchangeably with balance. Balance can be defined as the
control of center of mass (COM) over the base of support (BOS). Center of mass can
be defined as the center of total body mass, which is a hypothetical point located
approximately to anterior the second sacral vertabra. Base of support is the contact
point with the surface of the body. In this thesis, COM will be interchangeably used
with center of gravity (COG), which is the projection of COM vertically. COG can be
regarded as the reflection of COM and thus it is used to do measurements related to
center of mass, it is a key variable for CNS for postural control (Scholz et al. 2007). All
actions of humans include an environment and most of the times a task is present.
Although stability and orientation demands for each task may vary, it can be assumed
that postural control affected by these two factors: environment and task. To give an
example, “eating a sandwich” can be appropriate. If a person sits on a chair and eats

a sandwich, the base of support is bigger than that of a person who stands to eat. The



requirements for stability for both conditions are different. And if the person tries to
eat a sandwich, while standing on a moving bus, the stability conditions get even
more difficult. Due to the fact that our body mass is located two thirds of body height
above the ground, we inherited this unstable system, which is supposed to
continuously act for controlling the desired posture (Winter 1995). Now that
introductory terms were mentioned, we can mention briefly what kinds of
components postural control has. Firstly, the hardware of postural control is
mechanical components, like muscles, tendons, ligaments and motor neurons to
realize the necessary actions, to generalize the required amount of force and torque.
For example, the COP is controlled by ankle plantar/dorsi flexors torque in sagittal
plane and hip adductor/abductor torque in frontal plane (Winter 1998). The intended
action is realized through the organization and coordination of all the limbs and torso,
using the mechanical components. Secondly, the body needs to receive the
information about the current situation in the environment and also its own position
in space, the relative positioning of its own segments. All this type of information is
provided by the somatosensory components, like vestibular, visual and
proprioceptive systems (Fitzpatrick and McCloskey 1994). Thirdly, a main base, a
center is needed to receive all the information from somatosensory systems, to
interpret them, to make decisions and to commands the necessary parts of the body
to act in a particular way. This role belongs to the Central Nervous System (CNS). It
coordinates between the first two components to maintain a stable or a dynamic

posture, through neural pathways- with feedback and feedforward series.

1.3. Problem Statement

The traditional view on postural control suggests it to occur automatically. However
recent studies indicate opposing results to the traditional view. The load on cognitive
processes seem to overwork attentional capacity, causing different effects on the
execution of motor task (postural control). Polskaia and Lajoie (2016), Donker (2007),
Murillo et al. (2012) and Sciadas (2016) found out that addition of cognitive task

deteriorated the postural control performance, while others such as Pellecchia (2005



and 2014), Bergamin (2014) and Swan (2004, 2016) have concluded that adding a
concurrent cognitive task enhances the postural control performance. One main
argument in the literature is that the difficulty level of cognitive task is a determinant
for investigating the effects of cognitive task on postural control. However, the
difficulty level of cognitive task might vary for each individual. Therefore, it is believed
that setting an individualized difficulty level for each subject is necessary for

examining the interaction of motor and cognitive tasks.

1.4. Research Questions

To find the answers of abovementioned questions, the study was designed to detect
the interference between motor and cognitive task. It is intended to observe the

change in parameters of COP. Therefore, the research questions are:

. Are postural control parameters affected by the difficulty level of concurrent
cognitive task?
. Which sway/quiet stance parameters are affected by the dual task

performance?

1.5. Hypotheses

° The presentation of a difficult cognitive task performed concurrently with the
postural task will result in deterioration of postural task.
° There will be a dual task interference between motor and cognitive tasks, either

task’s difficulty will have an effect on the other.

1.6. Significance of the Study

The unique feature of this study is that it set a personal, individualized difficulty level
for the cognitive task for each participant with the intention of ensuring the difficulty
of cognitive task, instead of setting a standard level of difficulty which may not be
challenging enough for every individual. The literature suggests that in order to
observe the effects of cognitive task on postural task, the cognitive task needs to be

difficult enough for creating a challenge. The difficulty level of cognitive task varies



because of individual differences like talent, personal interests or hobbies. For this
exact reason, our study intends to set a personal difficulty level for each participant

and make it challenging enough to observe whether an interference occurs or not.

1.7. Limitations

This study has potential limitations. Such as:

e The participants were limited to Hacettepe University graduate or
undergraduate students.

e Although no professional athlete was included in the experiment, different
levels of physical activity may affect coordination abilities for Voluntary Sway

condition in terms of keeping up with rhythm of metronome.

1.8. Operational Definitions

Center of Pressure (CoP, COP): The center of pressure is the projection on the ground
plane of the centroid of the vertical force distribution (Cavanagh, 1978). It is usually

measured on a force platform during posture or gait trials (Benda et al., 1994).

Center of Gravity (CoG, COG): The center of gravity (CoG, COG) is the point at which
the total body mass can be assumed to be concentrated without altering the body’s

translational inertia properties (Benda et al., 1994).

Postural Control: According to Shumway-Cook and Wollacot, posture is a
biomechanical alignment of body and the orientation of it in an environment.
Postural control is defined as controlling the body’s position in space for dual task
purposes of stability and orientation (Shumway-Cook and Woollacott, 2007, p. 164).
Postural control is achieved through the complex collaboration of musculoskeletal
components, internal representations, adaptive mechanisms, anticipatory
mechanisms, sensory strategies, individual sensory systems and neuromuscular
synergies. Postural control also involves postural orientation, stability and balance by

default.



Cognitive Task: In this thesis, cognition is linked to mental action, rather than being
defined as a learning concept. Cognitive task is occupying attentional resources with
a cognition only task in order to better understand the possible interference between
motor and cognitive tasks. Cognitive tasks have great variety in the literature but for

practical reasons, we keep it limited to a series of arithmetic calculation.

Sway: Sway is the flush movement of COG (Center of Gravity) while standing still.
Sway is not an indicator of a weak command of balance or control. (Davidson,
Madigan, Nussbaum, 2004). Rather than that, it is an inseparable part of keeping the

desired posture.



CHAPTER 2

LITERATURE REVIEW

2.1. Postural Control

2.1.1.Postural Control Mechanisms

In order to understand how the postural control works, it is a must to understand the
systems that work to achieve it. As the components of postural control were briefly
mentioned before in Introduction Chapter, this chapter will elaborate on the roles of

each one (Figure. 3) for controlling the posture.

2.1.2. Biomechanics and Musculoskeletal Components of Postural Control

Imagine the Japanese art of balancing rocks on top of each other. There is the need
for perfect alignment of center of mass of all the rocks, over the base of support (the
last rock that contacts the surface). This is a similar kind of imagery when it comes to
biomechanics of postural control. The body is aligned in such a way that the
gravitational forces cannot disturb its desired position. The gravity on earth
constantly acts against human body and the human body creates an opposite but
equal force to gravity for maintaining the static posture. If at some point the forces
are not equal to each other then a perturbation or acceleration will occur depending
on the magnitude of the force, which will result in the change of COM. The CNS

constantly re-estimates the changes in COM and commands for necessary actions,
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optimizing internal and external forces, maintaining balance (Winter, 1998). If we are
to come back to the imagery of rocks, the human body is not made up of
independent, completely unattached segments like rocks; rather it is a product of
coordination of many different systems, one of them being musculoskeletal system.
Musculoskeletal components can be identified as the skeletal muscles, ligaments,

tendons, joints, cartilages, bones etc.

Musculoskeletal
Components

POSTURAL CONTROL

Sensory
Systems

Central Nervous
System

Figure 3. Postural Control Mechanisms

When the flexibility or the range of motion in joints are put together, they set up the
biomechanical relationship of body segments. Like balancing the rocks on top of each
other and creating an ideal alignment for an erected figure that defies gravity, a
perfectly aligned posture has an ideal vertical line against the force of gravity. So, this
ideal vertical line (as shown in Fig.4) crosses points in the human body laterally
mastoid process, a point just in front of the shoulders, the hip joint, a point just in
front of the center of the knee joints and a point just in front of ankle joints

(Basmajian and Deluca, 1985).
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Figure 4. Ideal Alignment of Erect Posture

The tonically active muscles when standing erect are: Erector spinae, lliopsoas,
Gluteus Medius, Bicep Femoris, Gastrocnemius, Abdominals, Tensor Fascia Lattae,
Tibialis Anterior and Soleus (Kendall and McCreary, 1984). The line that falls slightly
in front of knee and ankle joints is controlled by Gastrocnemius and Soleus muscles.
When there is a slight sway posteriorly, Tibialis Anterior is activated to maintain the
posture. Gluteus Medius and Tensor Fascia Latae, lliopsoas that is responsible for
blocking the hip from hyperextension and Erector Spinae group because the line falls
in front of the spinal column. These are the tonically active muscles during erect and
static posture of humans. In the literature, standing erect and keeping a stable, static
posture is termed as “Quiet Stance.” Unlike what the term connotes, quiet stance is
not very quiet for the body. Human posture has been described and perceived as an
upside-down pendulum in the literature but recent research has shown that it
resembles more to a two-segmented pendulum that uses different strategies to keep
the erect posture (Creath et al., 2005). This so-called quiet stance is even affected by
the internal processes of body, like respiration (Jeong, 1991), as the respiration rate

increases body sway also increases. In quiet stance, the human body tries to fight
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against gravitational forces that try to change the center of mass. A good alignment
of body segments is one way for fighting against these forces. However, alignment

on its own is not enough to achieve that.

Muscle tone and postural tone also accompany the alignment for further corrections
made. Muscle tone is a reference to the force with which the muscle resists being
lengthened (Basmajian and Deluca, 1985). A neural contribution of stretch reflex is
present for the muscle tone, which also resists lengthening of the muscle. Postural
tone, on the other hand, is when the antigravity muscles resist against gravity when
erect (Tibialis Anterior, Gastrocnemius, Soleus, Gluteus Medius, Tensor Fascia Latae,
lliopsoas and Erector Spinae). Of course, sensory inputs are present for the postural
tone. Vestibular input is used when the position of head changes, and postural tone
is distributed between limbs and neck. This distribution also occurs when
somatosensory input from neck is sent. Soles of feet send cutaneous inputs and
necessary postural tone adjustments are made, like using extensors more or flexors
more in the foot. Postural tone is regarded as a low cost-activity for the body

(lvanenko & Gurfinkel, 2018).

2.1.3. Sensory Systems and Postural Control

Musculoskeletal components are not sufficient on their own when it comes to
controlling the posture or in general terms of movement. The human nervous system
is responsible for the preparation, execution and control of movement. The nervous
system is categorized into two main parts: Central Nervous System (CNS) and
Peripheral Nervous System (PNS). The CNS includes the brain and the spinal cord
while the PNS is the nerves that are extensions of brain and spinal cord, like a
transmitter of information to the CNS. The Peripheral Nervous System is further
divided into sensory and motor divisions: The sensory division carries information
from the environment to the CNS and the motor division carries commands from CNS
to relevant body parts. The CNS is provided with necessary information from sensory

systems for comprehending and interpreting the environment, the body’s own
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position and location in space and the relationship between body’s segments. In a
healthy human body, the CNS is constantly provided with numerous and various
information and each sensory receptor is sensitive to different stimuli. As the
information available is numerous and various, so are the sensory receptors. The
sensory receptors can be divided into 3 categories: Exteroreceptors, Interoreceptors
and Proprioreceptors. Exteroceptors are responsible for the information collecting
from environment, like pressure, touch, temperature, hearing, smell, taste and
vision. Interoreceptors are responsible for collecting information about the internal
environment of the body, like hunger. Proprioceptors are responsible for collecting
information about body’s position in space and the relationship between parts of
body, by spotting the changes in muscle tension and joint position. Proprioception
literally means “sense of self” (“own” in Latin: “Proprius”) which implies the group of
sensory modalities that enable us to understand positions of our bodies’ limbs in
space and also to detect/assess the magnitudes of movements and forces without
the need of vision (Macefield, 2009). After this brief introduction to the CNS and PNS,
we can proceed to the relationship of sensory systems, CNS and postural control. The
sensory sources of information for Postural Control can be defined as the visual
system, somatosensory system and vestibular system. As with other types of sensory
information, the information from these systems are integrated and interpreted in
the CNS to comprehend and interpret the environment. As the environment changes,
the comprehension and interpretation of all the data are re-evaluated and re-
organized. The environmental constraints and demands of a task constantly affect
the information sent to CNS and CNS is kept updated about these changes. The
sensory systems provide the CNS with information about the position of head
(vestibular system), the environment (visual system) and also a reference for position

of body (somatosensory systems).

As mentioned above, humans depend on visual, proprioceptive and somatosensory
information but the contribution of these sources may vary according to internal or

external conditions (Peterka, 2002). Peterka investigated the use of somatosensory
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and vestibular systems for postural control (balance and orientation) with subjects
who are blindfolded by excluding vision. The subjects were young healthy adults and
also adults with vestibular loss. Subjects’ sway was measured as they stood on a
tilting platform. The platform was moving with a random magnitude of up to 8
degrees. For young healthy adults, the movement of the platform and their sway
were similar when amplitude was as low as 2 degrees, which means that they kept
their balance and orientation stable even when the platform was moving. On the
other hand, when amplitude was larger than that, the healthy participants could still
keep the vertical posture and minimize the sway. However, when it comes to
participants who are blindfolded and have loss of vestibular function, the results
suggest that the low magnitude move of platform did not affect their balance, but
large magnitude moves of the platform caused loss of balance in subjects with loss of
vestibular function. It is concluded that healthy adults under low magnitude
condition relied on their somatosensory information but higher magnitude
conditions required use of vestibular system more than somatosensory system. On
the other hand, for the participants with vestibular loss, it is concluded that they also
relied on their somatosensory systems in low magnitude condition but when
platform was moving with a higher magnitude they could not rely on their vestibular
system. Therefore, they lost their balance. In other words, in subjects with loss of
vestibular function, visual and vestibular systems’ absence in larger magnitude
platform resulted in imbalance. This study by Peterka shows how the CNS uses the
sensory information, re-weighing the distribution of sources at all times to achieve
the control of posture. For keeping the Postural Control, the CNS receives these
numerous and various inputs from all these systems and puts them together to
comprehend the body’s current position. But the use of these information changes
according to what the postural task is. Therefore, quiet stance and a perturbed stance

and their relationship with the CNS are handled in two separate sections in this thesis.
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2.1.4. Central Nervous System and Postural Control

The Central Nervous System creates a picture of the body in the context of
environment by using numerous sensory data (Horak and Macpherson 1996). To be
exact, there are sets of sensory systems that provide all the feedback: the visual
system, the vestibular system and the somatosensory system. The information
available to the CNS is then integrated together and interpreted for the task. The
result of this process can decide what the body’s position is, what the relationship of
its segments with each other is and what the relationship of the body with external
surroundings is. Also, when an external factor (like the environment) or an internal
factor (like body itself, due to an injury or a disease) changes, the CNS reassesses the
current situation and reweighs the sensory systems to act accordingly. But the
requirements for each condition are to be analyzed separately since they all require
the CNS to act differently. Here, the sections provided are the CNS and quiet stance,

perturbed quiet stance and perturbances.

2.1.4.1. Role of Central Nervous System in Quiet Stance

Central Nervous System receives many types of information from many different
sources and organizes them in such a way that postural control (any many other
motor tasks are) is achieved without us realizing it. But what kind of sources provide
what kind of information to CNS? First one is the visual system. Humans depend on
the visual information in their daily tasks, although it is not essential for most of the
tasks, it is a good information provider. The same goes for its role in postural control:
it is not absolutely necessary, but it provides sensory information for balance.
Researchers attempted understanding the exact role of vision in postural control and
in 1975, Lee and Lishman (Lee and Lishman 1975) designed a room whose floor was
fixed but the walls could move forward or backward without subjects knowing it. This
moving created the illusion of swaying in subjects. In their study, in all the conditions
that the room was not stationary, their sway was more than when the room was

stable. Visual proprioception increased balance in all the conditions and visual
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proprioception was more useful than vestibular and ankle-foot proprioceptive
system. The manipulation of visual system was so powerful that Lee and Lishman
called the subjects “visual puppets” meaning they are easily manipulated by a change
in visual input. Other than vision, CNS uses inputs from somatosensory systems.
These systems are concerned with the perceiving of touch, movement, vibration,
temperature, pressure etc. and these information pieces come from muscles, skin,
fascia and joints. Somatosensory information from all over provide the CNS with

necessary data required for postural control and also orientation of body in space.

Jeka and Lackner (1994) studied the effect of light finger touch when standing still.
Subjects were under open eyes or closed eyes condition. They touched a rigid metal
bar with a light contact, with a higher pressure contact and for the third condition
they had no contact. The light touch contact was as effective as higher pressure
contact when it came to reducing body sway when compared to no contact and eyes
closed condition. High pressure finger touch was acting like a counter-balance
element for body sway. Also, they realized the delay of time between body sway and
light finger touch was larger which suggests fingertip provides information allowing
anticipatory mechanisms to reduce the sway. The forces produced by far-away
muscles (far away from fingertips, like trunk and legs) were guided with the sensory
information given by cutaneous receptors of fingertips and the proprioceptive
information given by the position of arm. As many data as possible are sent to CNS
to provide the most accurate perception of the current, updated situation. Last but
not least, contribution for postural control is from vestibular system, which is both a
sensory and a motor system. As sensory system it provides information to CNS to
divide the position and movement of body and also the environment. It supplies CNS
with position of head, with respect to gravity and other forces like moving fast in a
car. All the information is interpreted together with the other systems to draw a clear

picture of the moment.
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2.1.4.2. Role of Central Nervous System in Perturbed Quiet Stance

Central nervous system controls the actions to be made when the stance is disturbed
by an external force. Direction or the magnitude of perturbance play a key factor in
choosing the strategy for restoring the balance. Ankle strategy is one of the first
patterns to be identified when controlling the sway in A-P direction. In short it can be
defined as the strategy used where the COM is kept stable when perturbed. It is
preferred when the perturbation is low and slow. Nashner et al. (1988) suggested
that the ankle strategy is used to exert torque about the ankle, while the hip strategy
is used when torque about the ankle is not sufficient for making the necessary
corrections, causing the person to depend on the shear force generated by the hip
for restoring equilibrium. Also, if the perturbation is on mediolateral direction, the
ankle’s limited range of motion transfers the mission of regaining balance to hip joint
since its range of motion is wider than the ankle. So hip strategy is seen when either
the perturbation or its amplitude is large, or it is seen when the direction of
perturbation requires a medial/lateral movement. On the other hand, the stepping
strategy occurs when the ankle and hip strategies are insufficient for regaining
balance or the center of mass suddenly moves away from base of support. The
alignment is achieved by placing center of mass over the base of support through
these commonly used strategies. Since the environment we live in is not a stationary
and predictable one, conditions change all the time and unexpected perturbations
can be observed at all times. Adapting to the environment, postural control is
achieved under easy and difficult conditions in daily life or sports/exercise context.
The central nervous system puts all the necessary information together to interpret
the current situation as in quiet stance, but this time for recovering balance from a
perturbation. Generally speaking, from the literature it can be said that the fastest
information is retrieved from somatosensory system. Vision and vestibular system
hands over information in a relatively slower fashion while somatosensory inputs are
processed very rapidly. Dietz et al. (1991) detected that vestibular system’s
contribution is smaller than the contribution of somatosensory systems with an

experiment. Muscles responses were recorded in terms of onset latency and
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amplitude under two different conditions: first one was on a forward-backward
moving support surface (for the stimulation of somatosensory systems) and the
second condition was the manipulation of 2kg load, attached to head (for the
stimulation of vestibular system). As seen from the results of this experiment,
somatosensory system’s input caused a 10 times faster response than that of

vestibular system, which suggests that the latter plays a more minor role.

2.2. Attention & Postural Control

It is believed that, within this triangle of postural control, motor task and cognitive
task, there is an invisible member that deserves scrutiny: Attention. Throughout the
history there have been different views on the nature of attention that claimed
different ways of defining it. As implied by James (1890) it can be interpreted as “what
we are aware of any given time.” Being conscious and being unconscious seem to be
a key factor in defining the term. When information is processed, some info is
processed consciously and some unconsciously. Therefore, we can infer that there
are tasks which we need to pay attention to and there are some that do not require

that much of attention. Or is that really the case?

2.2.1. Brief Theory on Attention

If we want to examine how chronologically attention was handled, we can see that
researchers and scientists speculated on how attention is achieved and what its
nature is. Some brief explanation of these theories is a must before we proceed.
Broadbent (1958) claimed that attention is “all or nothing” meaning it is not selective.
The stimuli are not selected or analyzed for meaning. Treisman’s model (1960) on the
other hand is slightly different than that of Broadbent. Treisman claims that stimuli
to be attended are selected and semantically analyzed. The 1963 model of Deutsch
and Deutsch suggests that all stimuli are filtered to be paid attention or not, then
they are grouped or segregated to be attended. According to these categories, the
more important stimuli are paid more importance. These were all bottleneck theories

where some information can “pass” through the control point and some cannot. They
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are regarded as early theories of attention. Keele’s Late filter theory claims (1978)
that information processing is parallel and does not require attention during the
stimulus identification and response selection stages. Selective attention determines
which stimuli are in contact with memory and which ones will receive processing.
Other than filter theories, there are some who claimed that there is a fixed capacity
for attention. The capacity is used according to the task requirements. Kahneman
(1973) suggests capacity for attention changes as the task changes. If two task
requirements increase simultaneously and exceed maximum capacity, decrements
occur in one or more of the tasks. Other theories (Norman and Bobrow, 1975; Posner
and Synder, 1975; Navon and Gopher, 1979) on the other hand, suggest that parallel
processing is possible and probably the relative importance of tasks decide the trade-
off between two simultaneous tasks. The most recent view on the attention is
presented since 1980s. Selection for action approach of Allport (Allport, 1985) is a
goal-directed, action-oriented view on selection, implying that the attentional
mechanisms are arranged with the intention of completing the tasks presented to
the subject. Allport wrote that (Visual Attention, 1989, Allport)
The primary purpose of an attentional system must be to ensure the
coherence of behavior under these often-conflicting constraints. Coherent,
goal-directed behavior requires processes of selective priority assignment and
coordination at many different levels (motivational, cognitive, motor,
sensory). Together this set of selective and coordinative processes can be said

to make up the effective attentional engagement (or attentional set) of an
organism at any moment.

Interpreting Allport’s article, unlike the traditional view, when we perform two
concurrent tasks at the same time, we organize and coordinate in many levels to
complete a set of tasks. For the very reason why this conflict of views occurs, we need
to tackle attention and postural control together and understand their interaction.

This is the reason we need to examine the two concepts together.
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2.2.2. Attention and Postural Control

Postural control can be categorized under 3 contexts of movement (Blanchard et al.
2005). First one being the static maintenance of a posture, second one being a
dynamic one like voluntarily changing posture and the last one being the result of a
reaction to an unexpected situation. During stationary stance, the posture is
controlled by the closed-loop feedback (Woolacoott-Cook, 1985) and that depends
on visual and proprioceptive systems. On the other hand, non-stationary postural
tasks seem to be handled by the open-loop system (feedforward) which indicates an
assumption of possible perturbances (Massion, 1992). This kind of approach to
postural control implies that it is reflexive and automatic and reflects the traditional
view. Traditional views claim that because of its automatic nature, posture does not

require attention and therefore there is no need for a cognitive activity.

But the study by Woollacoot-Cook claims the other way around (Woollacoot-Cook,
2000). In the study that both older and younger subjects participated, it became
evident that with proceeding age with history of falls, if sensory information available
is decreased, the attentional needs for keeping the posture increased. In fact, not
being able to assign desired amount of attention might cause the failure of postural
control, which can cause falls in the Elderly. Older adults with healthy background
were affected in their sway when their visual and somatosensory information sources
were removed. Woollacott and Cook claim (Woollacott-Cook, 2002) that “The
attentional demands of balance control vary depending on the complexity of the task
and the type of secondary task being performed.” This meaning that when a postural
task and a secondary task are performed together, there can be an exceed of limit in
the attentional capacity. On the other hand, the results of studies can be interpreted
in different ways. When one of the assigned tasks fail or is incomplete, this might
mean one of the tasks is sacrificed. The nervous system slows down the information
processing of the “non-prioritized” task, which results in its delayed or impaired

execution. Then after all, attentional requirements of postural control are not

21



nonexistent, unlike how traditionally was assumed. This brings us to the question of
what the nature of attention is. Is it like a cup with a limited container that overflows
when filled? Can it be fully occupied? Can attention be divided among many tasks
and if so, how many tasks of what kind? We will try to explore the answers to these
guestions by examining researches that tackle postural control with an addition of a

concurrent cognitive task.

2.3. Dual Task and Dual Task Interference in Potural Control

In order to understand the role of attention in postural control, dual task
methodology has been used to compare the performance with a single-task design.
In many research designs, besides the postural task, an added cognitive task is
presented to the subjects to understand the extent of effect of cognitive load on
attentional needs of postural control. Such dual task designs provide evidence that
the two concurrent tasks might cause an interference, which might mean
simultaneous execution of two tasks may result in the deteriorated performance of
at least one of the tasks. Not only deterioration but a complete failure of one of the
tasks is also a possibility. This concept is the definition of “Dual Task Interference”.
But as mentioned above, does not this conflict in a way with the recent ideas that
Allport brought to the area? If we can organize and coordinate for a coherent pattern
of movement/task completion, why should dual task interference occur? Allport
answers to these questions in his Visual Attention (1989) work:

Every goal-directed action has a range of conditions needed for its

successful execution. When the conditions for two or more intended

actions conflict, then one or both must be modified sufficiently to

enable their continued execution. Failing that, one activity must be
given priority while the other is postponed or abandoned.

Similarly, Neumann tackled the same issue of attention with an action-oriented point
of view in his work (Neumann, 1987) claiming that when two seemingly independent
actions are executed simultaneously, they are processed as one unit of task in action
planning. When we fail in completing two actions together, this might be the fault of

insufficient coordination of the tasks, which are expected to be categorized later as a
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single unit of action. On the other hand, if the difficulty level of one of the
components (of tasks) is manipulated, it can only deteriorate the execution only if
the whole action planning is affected. In other words, if the general action planning
is not threatened by the new difficulty level, the performance will remain unchanged,
unaffected. One of the questions that we remain with is whether anticipatory
changes in one of the tasks (say, postural control) occur when we plan two/or more
actions (say, cognitive task) to be performed simultaneously. Quoting Neumann, can
we define and detect the relationship between increased difficulty level of cognitive
task and changes in postural control? As addressed before, when humans are
presented with two simultaneous tasks, the presence of one task might affect the
execution of the other. This effect can be an increase of performance quality in one
or both tasks, and it also can be a decrease or a failure of at least one of the tasks.
The studies indicating deterioration or enhancement of postural control are

presented below.

2.3.1. Interference in Postural Task Under Dual Task Conditions

The study by Szturm (Szturm, 2013) investigated the cognitive and motor task
demands on gait, balance and cognition on young healthy adults. They investigated
whether divided attention affects locomotor rhythm, stability, and cognitive
performance. The young participants (N=20) did a visuo-spatial cognitive task in
sitting and while treadmill walking at 2 different kinds of speeds: 0.7 and 1.0 m/s.
Cognitive load did not have a significant effect on gate variable of COP but variation
of gait variables were higher during dual-task walking. Treadmill speed had a
significant effect on temporal gait variables and ML-COP excursion. Divided attention
when walking at a constant speed resulted in decreased performance of a visuo-

spatial cognitive task and an increased variability in locomotor rhythm.

2001 study by Hove (Hove, 2001), investigated whether postural control positively
affects cognitive performance and visual perception. The multisensory perceptual

stimulation is regarded as required for postural control and it might use the central
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processing capacity. Researchers argue that there might be functional relations
between body motion and visual performance and controlled changes in sway could
be used to facilitate the performance of visual tasks. They examined the sway during
performance of visual and cognitive tasks (visual task was to detect a signal where
critical signals were identified and the cognitive task was mental arithmetic). Both
tasks had the same difficulty level according to NASA task load index, which is a
measure of mental workload. As seen from the results, postural sway was reduced in
the visual condition but not in arithmetic condition. Sway was influenced by the
demands of signal detection and not by overall processing load. The following study
by Bergamin et al. (2014) examined dual task conditions by using various secondary
task types. They adopted the cognitive tasks of Spatial-memory brooks test (SMBT),
Counting backwards aloud test (CBAT) and Mental arithmetic task (MAT). Different
types of secondary tasks were chosen because of their different visual, verbal and

cognitive load, respectively.

Bergamin (Bergamin, 2014) examined adults and older adults during their sway when
the sway was accompanied by different types of task. They created a dual-task
environment for each subject group and observed the changes in their sway. 15
males and 15 females (18-24yrs old) and 15 males and 15 females (64> yrs old)
participated. At the beginning, they all stood still in an upright position on a
stabilometric platform with their eyes open and feet together. This was the single
task condition. For the dual task condition, participants were assigned three different
cognitive tasks, which were presented auditorily. The duration of the secondary tasks
was 30 seconds. The cognitive tasks were: Spatial-memory brooks test (SMBT),
Counting backwards aloud test (CBAT) and Mental arithmetic task (MAT). The verbal
assignment (CBAT) sparked higher request for postural adaptation regardless of age.
They also concluded that even though the sway increases with age, there was no
interaction between the age and the type of secondary task. The magnitude of
difference between old and young adults was not significant. Results indicated that

the verbal secondary task influenced the postural balance the most. The increase in
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respiration frequency increased the center of pressure length. It still remains unclear
though, whether it stems from the counting backwards or verbally being included in
the task caused this change (increase) in COP Velocity and SA (sway area). SMBT and
MAT conditions scored better performances (decrease in COP velocity and sway area)
in antero-posterior and medio-lateral sways. Dual task conditions affect the
participants' balance variables differently independent of their age as observed in
their COP velocity and sway area. The study concluded that verbal task of counting
backward aloud was the most influential on COP velocity and sway area, the dual task
conditions have different effects on the postural task, independently of age. They
concluded that CBAT caused an increase on parameters while MAT and SMBT caused
a decrease, suggesting to further investigate the influence of secondary task choices

under dual task designs.

Study by Ceyte (Ceyte, 2014) suggests that in classical terms maintaining postural
control and completing a cognitive task together should use the "limited capacity of
attention"” and therefore either one or both are impaired. 71 young adults
participated in their study. The task was to maintain the upright stance as stable as
possible. They combined three visual conditions: Vision, no vision and moving visual
surround with two support conditions: fixed or moving support surface. Vision
condition required participants to look straight ahead at a picture. They also made
some calculations. They repeated the number that was told out loud before
subtracting backward by 3 or 13 and also they were told to complete this cognitive
task as quickly and accurately as possible to provide some sort of distraction. At the
end of each trial, they were asked what the result was to verify that the task was
carried out. In the study, the main quest was to figure out whether sensory contacts
that were established with the environment have influence on balance control during
a calculation task (cognitive task). According to the results, adding a calculation task
while standing increased the body sway compared to simple quiet stance. In the
single condition with open eyes, the participants were told to look at a picture and

therefore they fixed their gaze in the environment. Regardless of its difficulty level,
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the body sway did not change depending on the calculation activity. Doing a cognitive
task did not require any contact with the environment. And therefore, visual
attention could be reoriented from external landmarks to internal visual images of
the cognitive task and this implies that the visual anchorage required to control
balance is impaired. According to the literature, old people tend to prioritize the
postural task when there is also a cognitive task to be completed. Meanwhile, as
shown in this current study, younger people as in the experiment, tend to prioritize
the cognitive task rather than the postural one. And lastly, the main result of the
current study suggests that when a calculation task that requires no visual contact
with environment explains the increase in body sway. We need to further study the
sensory contacts and postural control relationship and try to explain better under
what conditions postural and suprapostural tasks exist together without interfering

with each other.

The study by Teasdale et al. (2001) studied whether postural adjustment requires
cognitive processing and balance. Eight young and nine older adults attended the
study. An auditory reaction time test was done while sitting and afterwards standing
with feet together on a force plate where their COP was examined (for sway rate).
Reaction time was tested under these four conditions: vision+normal surface, no
vision+normal surface and vision+foam surface and no vision+foam surface. The
results indicated that for both groups the reaction time slowed down as the
complexity of the postural control increased (no vision, standing and foam surface).
When there is no vision however in older adults, their reaction time delayed even
more than that of younger participants which indicates that older individuals rely
more on the sensory information provided from the environment. The conclusion is
that when there is less sensory information available, then more attentional capacity

is needed for a proper postural control.

A study by Lajoie and Teasdale et. al (1996) examined whether attentional

requirements for maintaining the upright posture and walking in older adults change
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through normal aging. An auditory reaction task was given to 8 young and 8 older
adults in seated position and upright position and when walking. The upright standing
position was in a broad or narrow support. The lesser the base of support, the more
time it required for the elderly to complete the reaction time task (RTT). Walking and
completing the RTT modified the speed of the elderly to a slower pace than that of
young participants, admitting to have been done for a securer gait. It is observed that
even when the pace is slowed down, this did not change the fact that their reaction
time was slower than the young participants. We can conclude that normal aging

brings a greater need of attention for meeting the demands of postural tasks.

2.3.2. Facilitation of Postural Control Under Dual Task Conditions

The study by Patel et al. (2014) looked whether the type of cognitive task and walking
speed has an effect on cognitive-motor interference during dual task walking. Fifteen
healthy adults participated in the study. Visuomotor reaction time task, word list
generation task, serial subtraction task, and the Stroop task while sitting and during
walking at preferred-speed and slow-speed. Gait speed was recorded to determine
effect on walking. Motor and cognitive costs were measured. At preferred speed,
motor task cost was the lowest in visuomotor reaction time task and highest in stroop
task. And on the contrary, at slow speed, visuomotor task had the highest cost and
stroop task had the lowest. Slow walking gave the result of an increase in motor cost
and decrease in cognitive cost for stroop task. Complexity of cognitive task, therefore,
affects the cognitive cost of a task. The preferred speed for individuals make the
subjects prioritize complex cognitive tasks because they require higher attentional
demand and processing resources over walking. When performing visuomotor task,
subjects preferred more complex walking because it has a less motor task and greater
cognitive cost. We can infer that walking at a slow pace enables individuals to divert

more attention for complex tasks and also it improves performance while walking.

Vuillerme and Vincent (2006) looked whether a cognitive task would affect the foot

pressure displacements during bipedal quiet standing. Since there are many
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divergent results of studies about the postural control and how it is affected by a
concurrent cognitive task, they took a careful look at the procedures of studies in the
literature and concluded that the design of such experiments should be carefully
thought to be cleared by other possible intrusive elements. Vocal articulation,
manual responses or visual fixation are seen as elements that might impair balance
measurements during data collection. They included 13 young adults to perform an
easy and a difficult calculation task during bipedal quiet standing. There was also a
control condition requiring no concurrent task. COP displacement were processed
along the experiment. They stood barefoot on a force platform with their natural
position. Their COP displacements were measured. They listened to a 52-second
audio recording presenting an arithmetic problem in single digit numbers like add 7
plus2; subtract 3 etc. Easy one consisted of 13 steps and digits were presented every
4 seconds, and difficult one had 26 steps presenting digits in 2 seconds. Each trial had
different series of numbers. The mental task started 10 seconds before the 32-second
data collection and ended 10 seconds after it. They did it in order to ensure that
participants continue to effectively perform the task. They were told to stay silent
and reply at the end of the trial what the result was. If the correct result is not found,
then the data were not taken into consideration because it would mean that they
actually failed in completing the cognitive task for the sake of postural control.
According to the results, AP directioned COP displacements decreased when
participants performed the most difficult mental arithmetic test. Contrary to some
part of the literature the results indicate that postural control increased with focusing
on the other task, the cognitive task. It may be the proper use of difficulty level,
meaning in this case: difficult. The present experiment claims that when performing
a difficult mental arithmetic task concurrent with keeping the posture actually

enhances postural control.

Andersson et al. (2002) examined the effects of balance task, where the posture was
perturbed while performing a silent mental arithmetic task (backwards counting).

Secondly, they investigated the effect of mental task on balance. The number of
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subjects was 30 adults (mean age=27.4) in Experiment 1; the number of subjects was
20 adults (mean age=30.1) in Experiment 2. The postural task was to maintain
balance and the cognitive task was to count silently backwards in seven steps as fast
and accurately as possible, beginning from randomly selected numbers for the
duration of 20 seconds. The balance was perturbed by vibrators attached to the
gastrocnemius muscle. The four conditions were: standing on a (force) platform;
standing on a platform and simultaneously counting backwards; standing on a
platform with calf stimulation only; standing on a platform with calf stimulation and
simultaneously counting backwards. The experiment 1 was these four conditions
while in the Experiment 2, the subjects were told to direct their attention towards
their balance when they were not completing the mental task. Results of AP-direction
torque variance indicated that in Experiment 1, subjects swayed less when doing the
mental task. The effect of vibration was evident in both with and without the mental
task conditions, resulting in more sway when stimulated with vibration. In the
Experiment 2, no significant differences were found between with and without
mental task conditions, again the effect of vibration being evident in both conditions.
It is concluded that controlling the body sway and cognitive functions are not results

of two independent systems, supporting the principle “Posture first.”

Lastly, Swan et al. (2004) addressed the conflicting results & interpretations of
secondary cognitive tasks’ effect on postural control and they wanted to examine the
changes in balance when a cognitive task is presented. The participants (young and
older ones) were asked to stay as still as possible on a force platform and their sway
was measured while they were trying to complete the Brooks’ spatial or non-spatial
memory task. Each trial was 20 seconds. There were four balancing conditions: Eyes
Open+Fixed force plate, Eyes Closed+Fixed force plate, Eyes Closed+Force plate
Sway-referenced and Eyes Open+Force plate Sway referenced. The sway referenced
means that the force plate could tilt anterio-posteriorly according to the participant’s
sway, unlike the fixed and immovable condition of the force plate. The force plate

could not move in medio-lateral direction and that is the reason why they could not
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include this plane of motion in the study. They claim that most of the sway occurs in
anterio-posterior direction anyways, and it is not a problem causing issue for the
study. The eyes closed condition was to blindfold the eyes of participants. The
cognitive task preferred was Brooks’ spatial and non-spatial test. According to the
results, spatial and non-spatial memory tasks of Brooks improved the balance in older
adults under the most difficult balancing task. They suggest that lessening of CoP
displacements is the result of external focus of attention, therefore indicating more

automatic control the posture.

2.4. Cognitive Function and Postural Control

Among the factors affecting postural control, the relationship between the cognitive
function and postural control is dependent on other elements like aging and different

types of cognitive tests. Therefore, these two concepts are discussed below.

2.4.1. Cognitive Function and Aging

The quiet stance is an everyday postural task and is very often accompanied by
cognitive tasks of all kinds; like reading on a tram, paying for something and getting
the change back, holding a conversation, looking for the keys in a bag. The attentional
resources required for these two combined tasks (quiet standing and an additional
cognitive task) are considered quite low in healthy adult humans (Lajoie, 1993) but
this case can change when older adults perform the same combination of tasks. The
postural and cognitive tasks which are performed simultaneously have been reported
to be affected by aging of sensorimotor systems, due to the decreased control of

balance (Horak, 1989).

The study by Bernard-Demanze et al. (2009) investigated thoroughly the effects of
age and dual-tasking by loading subjects with low and high cognitive demand tasks
accompanied by postural performance, under static and dynamic conditions. The

participants were 12 older healthy adults (Mean Age=75.6), 10 healthy middle-aged
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adults (Mean Age=40.7) and 8 healthy younger subjects (Mean Age=28.0). Subjects
were tested under two conditions: single postural task condition and dual task
conditions, which included a cognitive task performed simultaneously with the
postural task. In the dual-task conditions, the postural task was either static or
dynamic. Static condition was to stand quietly, and the dynamic condition was
maintaining balance on a moving platform. The cognitive task either a low-demand
one (mental arithmetic task-MA) or a high-demand one (spatial memory task-ST). The
arithmetic task was based on single digit calculations selected randomly and the
spatial memory task was based on a 2D spatial task where subjects completed a
multi-step translation on a 3x3 cell grid, starting in the center of the cells, following
verbal commands to remember the new location on the grid. None of the cognitive
tasks allowed talking to avoid destabilizing effects of articulatory processes. The
study showed that postural tasks’ performance in relatively easier conditions for
quiet standing without cognitive task is age-independent. On the other hand, dual
task conditions (with a cognitive task, be it mental arithmetic or spatial memory task)
improved postural control in younger and middle-aged subjects but decreased in
older subjects. Also, dual task conditions’ effects were dependent on the cognitive
task complexity in younger and older subjects, with greater impact under spatial

memory task than mental arithmetic task.

Maylor and Wing (2001) investigated whether postural stability is controlled
automatically or not in younger and older adults. The research question was whether
cognitive activity is important for the stability or is the instability related to aging,
rather than the nature of cognition? In their study 70 participants took part, ages
ranging from 20 to 79. They were required to stand as still as they can on a force
platform while performing either no cognitive task, a spatial memory task or a
nonspatial memory task. The standing still was coded as postural control task. The
participants performed the cognitive tasks in a seated position to compare with the
postural task condition. Results reported that cognitive tasks (memory recall)

decreased in performance as age increased regardless of the body position. Whether
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they stood up or sat down did not change the memory recall test (cognitive activity)
results. Also, the stability of participants declined as age increased. The instability was
more when nonspatial task was performed. Overall the results suggest that cognitive
tasks can affect postural control in composite manners, the effect may depend on
the age or the type of cognitive task. Deteriorations in sensorimotor and cognitive
functions with older age is a general agreement and these may be the explanation of
why postural control also becomes more challenging in older people. Unlike the
younger subjects of this study, older subjects showed a decreased performance when
postural task difficulty was increased. For older subjects it was more difficult to
maintain equilibrium on a moving platform, while under quiet stance condition their
postural control strategies were similar to those of younger and middle-aged
subjects. So, if dual task conditions and more difficult postural tasks disturb postural
control, it can be concluded that attentional demands for postural control increases
under certain conditions for older adults to avoid loss of balance. But how does

sensory reintegration play a role in this change?

Teasdale and Simoneau (2001) investigated the effects of aging on sensory
integration within the context of attentional demands. Young and older adults were
asked to keep their static upright position as they stand on a force platform. The
visual and proprioceptive information were removed and abruptly reinserted. Their
reaction time (RT) was recorded also with their vocal reaction to an unpredictable
audio stimulus. For the study, the reaction time was an indicator of attentional
demands crucial for postural system. 80 older (mean age=68.0) and 80 younger
subjects (mean age=24.8) participated in the experiment. A force platform was sued
to watch the center of foot pressure (CP). The blocking of ankle proprioception was
done by means of vibratory stimulation. Vibrators were a fixed on the tendons of
Tibialis Anterior and Soleus muscles and this condition is referred to as perturbed
proprioception condition. Also, subjects were wearing headphones and translucid
liquid-crystal goggles the entire time and their eyes we open at all times. The

computer-controlled goggles could manipulate the subject’s vision by changing
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opacity. The audio stimuli were sent through the headphones and their reaction time
was recorded through the microphone attached to the headphones. As for the
postural tasks, sitting and standing upright were the two conditions. The main task of
the experiment was to maintain an upright or standing posture. The secondary task
was reacting vocally to an audio stimulus as rapidly as possible. Subjects knew that
the primary and the most important task was the primary task. For no vision
condition, the older subjects exhibited greater CP increase compared to younger
adults. On the other hand, with vision condition showed that the older subjects
showed an increased speed in CP but this was not statically significant. The
attentional demands of the experiment were observed through reaction time. Older
subjects were slower in reacting than the younger subjects and analysis showed that
reaction time was faster in all seated conditions. It is concluded that postural task
was not automatic for both groups and it requires certain amount of cognitive
resources available. Analysis of RT for switching sensory input conditions showed that
reaction times were no different than no vision condition. Results were clear that
under vision and no vision conditions, the faster CP speed in older subjects indicates
problem with calibration the postural set. Even though the sensory context was
enriched, their behaviour was not more stable than other conditions. Also, results
drawn from reaction time data show that postural control requires attention for both
age groups. So, what kind of changes cause these alterations in postural control as
we age? As mentioned before in previous chapters, postural control is made possible
through musculoskeletal, sensory and neuromuscular systems, which are subject to
deterioration as years pass by. The muscle strength, the amount of force a muscle
produces, decreases with age and it can be reduced to 40% from year of 30 to 80
(Aniansson, 1986). The muscle endurance, capacity of the muscle to contract
continuously at submaximal level, is no different than strength. As muscle cells die,
they are replaced with connective tissue and fat (Woollacott-Cook, 229). From the
perspective of daily life, an old woman barely has the necessary quadriceps strength
to get off the chair (Young, 1986). Another source of problem is the loss of available

range of motion. Diseases, the toll that working life may take on our bodies and lack
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of optimum amount of physical activity cause decrease in range of motion of spine
and other joints. This decrease in spinal flexibility and range of motion can lead to

stooped posture (Katzman, 2007).

According to the 1987 study of Einkauf, spinal flexibility exhibits the greatest decline
as we age when compared to other joints in body and the spinal extension is again
the greatest loss with 50% less extensor flexibility. Other than spine, Vandervoort
(1992) found out that ankle flexibility also declines by 50% in women and 35% in men.
Conditions like arthritis may also cause a decrease in ROM, among other diseases and
health condition changes. Other than musculoskeletal changes, older people face
changes in neuromuscular system that contribute to coordination for postural

control.

Toupet et al. (1992) found out that sway in quiet stance increases as we age, actually
each decade that passes. Also, neurologic disorders cause increase in sway, which
implies loss of stability that may end up in higher risk of falls. Sensory systems
affected by age also affects postural control. Tactile sensitivity decreases (Kalisch,
2009), and reduced joint sensitivity causes increased sway. Functions of visual system
also deteriorates with age due to the structural changes of the eye. Rosenhall and
Rubin (1975) stated that 40% of vestibular hair and nerve cells are lost by the age of
70. Since vestibular system is a reference system for visual and somatosensory
systems to compare and calibrate themselves, it can be said that it plays a crucial role
in postural control, especially in balance control. All these summarized, very brief
reasons can explain why age can be an important factor for postural control.
Structural, neural and sensory changes in the body hinders the control of posture,

which may lead to falls in the elderly.

2.4.2. Cognitive Test Type

In the experiments in the literature, the postural control tasks are often accompanied

by additional tasks when the aim is to understand how the postural control is related
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to attention and cognitive functioning. Since Multiple Resources Theory suggests that
cognitive load is held by many different resources, what kind of cognitive load is
presented might have a significant effect on the dual task studies. Maylor and Wing
(2001) explored how the difficulty and type of the cognitive task affects the postural
control. They included young and older adults to observe the effect of age as well. A
digit generating task, Brook's test, backwards digit recall, silent counting and out loud
counting by 3 backwards were the 5 different cognitive tasks. Young adults
performed better in all cognitive tests except the silent counting one, having shown
to be more stable than the older participants in all cognitive tasks. Age related
deteriorations in performance were the most obvious in Brook's test and in backward
digit recall test, which is known to use also the visuo-spatial memory as the Brook's
test. As a conclusion, the visuo-spatial working memory is thought to be closely
related to postural control since vision provides a crucial important amount of

sensory information.
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CHAPTER 3

METHOD

3.1. Subjects

20 voluntary participants took place in the experiment as listed below in Table 1
(Mean Age: 23.57 SD=3.01; Mean Height: 171.12; SD=9.36; Mean Weight:71.12
SD=13.62). All the participants were undergraduate or graduate students of
Hacettepe University. Athletes were not included in the experiment for being able to
control the unpredictable effects of sports on the motor task. An age limit of 20-30
was set in order to avoid effect of age on cognition. 10 males and 10 females took
part, however one of the females was excluded from the experiment due to her
measurements’ failing to meet the criteria. The subjects gave consent according to

the procedures approved by the Hacettepe University Research Ethics Committee.

3.2. Data Collection Procedures and Apparatus

3.2.1. Measurement of Ground Reaction Forces

Ground reaction forces in 3 orthogonal axis (Fx, Fy, Fz) and moments (Mx, My, Mz)
were measured via a Force Plate (AMTI OR-6-7) (Fig.5). Tha data were acquired at a
sampling rate of 2kHz by using DAQ card (NI, USB-6225 Mass Termination) which was
connected to a PC. Data collection algoritm was written in Labview software and post

processing was performed with Matlab.
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Table 1. Descriptive Statistics of Participants

Subject Number Age (Years) Height (cm) Weight (kg)

1 24 173,5 73
2 26 174 65
3 30 160 66,25
4 21 159 50,5
5 21 178 96,3
6 22 185,5 95,6
7 27 183 72
8 22 187,5 76
9 23 173 60,6
10 20 178,5 90
11 21 167 66
12 23 179,5 81
13 27 165 53,65
14 24 151 51
15 22 164 72,5
16 24 173 75
17 30 173 63
18 21 175 86
19 20 163 58
Mean 23,57 171,71 71,12
Standard Deviation 3,01 9,36 13,62

Figure 5.Force Plate (6-dof)
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LabView Software was written to acquire force plate signals and provide feedback on
COP position. COP Feedback was provided visually during all the postural tasks via
computer screen to let them migrate and correct their COP position. Before each trial,

force plate data was demeaned to ensure that the data had a zero drift.

Time profiles of COP coordinates were computed by below formula, where h is the

height of the sensor over the force plate (h=4.1 cm).
COPx = (-h-Fx.-My)/Fz (Formula 1)
COPy = (-h-Fy+Mx)/Fz

Postural sway was investigated through calculating COP Velocity (COPvel), COP Ellipse
Area (COPga), COP Range and rms values in AP-ML directions (rmsCOPy and rmsCOPy).

3.2.2. Cognitive Tasks and Difficulty Levels

A math-operation task which consists of a series of simple arithmetic calculations was
chosen as the cognitive task. To eliminate the possible effects of processing speed
and short term memory, we aimed to control the level of difficulty of the cognitive
task individually based on the maximal number of math-operation task completed
within one minute. This preliminary task is designed to select appropriate
participants among the applicants to take part in the experiment and also to set an
individual level of difficulty in the cognitive task. In order to determine the maximal
number of math-operation, ten series of arithmetic calculations were articulated by
the researchers before the experiment. Each series were started with “0” and
followed by a pair of a mathematical operation (i.e. add, substract, multiply, divide)
and a single-digit number. Each operation results in a two-digit number. A sound
library was created from sound files in “.wav” format with pre-recorded digital
vocalization of each operation name and number pair. A custom Labview program
was prepeared by the researchers for the digital (vocal) presentation of each pair
sequentially in accordance with the order of arithmetic calculations in each series
(e.g. add 7, divided by 2 etc). A sequence to be presented was randomly chosen and

presented only once to a given subject. Vocal presentation was established by using
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external speakers. The subject sat on chair in front of a computer screen in a quiet
room with their dominant hand placed on a mouse to click on the button. They were
required to complete a series of math-operation. After completing each operation,
they were asked to press the mouse button to listen a new operation-number pair.
Immediately after they pressed the button, the next math operation was presented.
An example would be: 1+5=6, 6-2=4, 4x4=16 and so on. Test was terminated after
completing 1 minute. If the final result declared by the subject verbally was correct,
total number of math operation was recorded. After completing 3 rounds of
arithmetics series succesfully, the average number of operation-number pair
completed were used to determine the personalized difficulty level of the cognitive
tasks to be presented during dual tasks. The applicants who fail in finding correct
results after 3 attempts would not be accepted to the experiment. Only one subject
failed to complete 3 trials and was excluded from the further experiments. Medium
and high difficulty levels of cognitive task (CT) were calculated as %50 and 80% of
maximum frequency (MF), respectively. For example, if the subject’s MF is 60; then
the 80% MF is 48. High CT would be presented as 48 pairs in every 1.25 seconds
(60sec/48) within 1 minute, whereas 30 pairs would be presented at 2 second-

frequency during Medium CT.
3.2.3. Postural Tasks and Difficulty Levels

Each subject performed seperate static and dynamic postural tasks which were
chosen to represent two-levels of difficulty; i) Quiet Stance (QS) as a low difficulty
(LD) static condition and ii) Voluntary Sway (VS) Tasks as a high difficulty (HD) dynamic
condition. Quiet Stance (QS) task required to maintain upright posture as stable as
possible (Figure 6). Voluntary Sway (VS) task was implemented as voluntary shifts of
COP in anterior-posterior (AP) directions as an inverted pendulum pivoted at the
ankle joint at a pre-determined frequency of 0.5 Hz. The frequency of COP shifts was
controlled by a metronome of 30 BPM. Both tasks were performed seperately (single
task) and concurrently with cognitive tasks (dual task) as explained in Section 3.2.4.

Before the postural tasks, subjects stood on the force platform in neutral position
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with eyes open. Their feet placed parallel and as wide as they feel comfortable, which

was around 20 cm between feet.

®r

Force Platform Screen

Figure 6. Quiet Stance

In order to provide COP feedback, a computer screen was placed eye level height and
the cursor on the screen corresponded instantaneous changes in COP position.
During QS trials, subjects were asked to try keeping the cursor at the center and as
stable as possible. For VS trials, maximal comfortable anterior and posterior locations
of COP were determined and marked by two horizontal lines as the borders of the
sway area. To determine the borders, subjects were asked to sway like inverted
pendulum around ankle joint forward, and then backward, as further/much as
possible without losing balance (Figure 7). During VS trials, subjects were told to
migrate the cursor between upper (the most anterior point) and lower borders (the
most posterior point). Subjects would be in one of the border when they heard a
beep sound of the metronome and they would be in the other when they heard the

next beep.

3.2.4. Experimental Procedure: Single and Dual Tasks

Postural tasks were performed separetely both as a single and dual task. A Single Task

(No CT) was a postural motor task (QS and VS) performed without a cognitive task.
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On the otherhand, A Dual Task was the concurrent performance of a motor task and

a cognitive task (Medium and High Difficulty) with two levels of difficulty for each.

@ cor

y N

Force Platform

Screen

Figure 7. Voluntary Sway

Both single and dual tasks were executed with eyes open and repeated in a random
order until the subject succesfully completed three trials per each task. In dual tasks
measurements, if the final results of the series of aritmethic calculations had been
declared by the subject correctly, that trial was considered as a successfull trial. There
was a 1 minute rest between each trials. Maximum number of trials could be five for
each subject. If a subject failed to fullfill this criteria, he or she would be excluded
from the study. However none of the participants was excluded according to this

criteria.

3.2.4.1. Protocol 1. Quiet Stance Trials

Quiet stance (QS) experiment was performed under 3 different cognitive task (CT)
conditions: No CT, Medium CT and High CT. The participants were on the force
platform and told to stay as still as possible for the duration of 1 minute and keeping

the cursor (COP location) as centered as possible.
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3.2.4.2. Protocol 2. Voluntary Sway Trials

Voluntary sway (VS) in AP direction was maintained for 1 minute accompanied by
metronome set at 30 BPM. They were asked to keep up with the metronome under
3 different cognitive task (CT) conditions: No CT, Medium CT and High CT. The

participants could follow their COP from the screen as in the QS task.

3.3. Data Processing and Analysis

Force plate signals were filtered with a 2nd order low-pass zero lag Butterworth filter
at 10-Hz prior to processing and each time series were detrended by substracting the
mean from raw data. The first and the last 10 seconds of data were eliminated. The

40-second long COP shifts were processed offline using Matlab software package.

3.3.1 Analysis of Quiet Stance

For each COP trajectory, following postural sway characteristics were quantified
separately for the AP and ML directions; COP velocity (COPvel), COP Ellipse area
(COPga), COP Range and rms values (rmsCOPxand rmsCOPy). Those parameters

reflects following features;

e COP velocity: sway-path normalized to signal duration.

e COP Elipse area: the area of ellipses containing 85.35% of the data.

e COP range: maximal deviation of COP in AP and ML directions.

e Rms COP: root mean square COP displacement relative to the mean COP

location.

Figure 8, Figure 9 and Figure 10 show representative examples of time profiles of the

COP shift in the AP (panel A) and ML direction (panel B) during quite stance.
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Figure 8. COP Trajectories in AP(A) and ML(B) direction for OCT Condlition
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Figure 9. COP Trajectories in AP(A) and ML(B) direction for Medium CT Condition
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Figure 10. COP Trajectories in AP(A) and ML(B) direction for High CT Condition
3.3.2 Analysis of Voluntary Sway

Voluntary sway analysis is performed according to the method proposed by Latash et
al. (2003) which based on an assumption that voluntary shift of the COP and postural
sway during quiet stance are independent processes corresponding voluntary and
involuntary actions. Therefore, the data underwent a series of signal processing

stages for extracting certain characteristics of voluntary sway;

e Peaks and valleys of the COP signal were detected (Figure 11)
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Figure 11. Exemplary trial of voluntary sway in antero-posterior direction
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e Determination of half cycles of COP shift: All ascending (UM ;) and descending
(UMpown) trajectories connecting two consecutive points were determined,
aligned by their peak points and averaged (UM,,). Average time profile of each

UMAYV was time-scaled as in Figure 9.

COPAP fem)
o

Figure 12. Average ascending and descending unitary movements

e Elimination of the voluntary pattern of COP shift: The scaled UMAVY was
subtracted, point-by-point, from each UM. The residuals (AUMj) formed a new

detrended COP time series (ACOP(t)).
Figure 13 shows representative examples of time profiles of the voluntary COP shift
in the AP direction (panel A), of the corrected COP (residual COP) trajectory (panel B)

during voluntary sway.
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Figure 13. Exemplary time series of voluntary shifts in AP direction(A), Corrected COP
trajectory and COP time series during quiet stance(B)

3.4. Statistical Analysis

Parameters were COP velocity (COPVel), COP Ellipse area (COPea), COP Range and rms
values in AP-ML directions (rmsCOPx & rmsCOPy) for the analysis. Since CoP Velocity
and CoP Area are widely used parameters in postural studies they were the main
indicators to be interpreted. The analysis was conducted depending on the average
of 3 identical trial values so as to reduce the variability of subject. The alpha level of
significance was set to p<.05. Postural Control variables (COP velocity, COP Ellipse
area, COP Range & rms values in AP-ML directions) were analysed with Cognitive Task
as a factor (0%, 50% & 80%). Because the Mauchly’s sphericity test was violated in
repeated measures ANOVA and we failed in meeting all the assumptions of repeated
measures ANOVA, we went on with the Friedman Test for analysis and Wilcoxon Test
for following up. The randomly selected subject group was measured multiple times
and the dependent variable is measured at a continuous level (COP velocity, COP
Ellipse area, COP Range and rms values in AP-ML directions). The samples were not

normally distributed.
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CHAPTER 4

RESULTS

4.1. Descriptive Statistics

The means and SD of the COP parameters are presented in the table below (Table 2).

Table 2. The means and SD of COP Parameters in Voluntary Sway (VS) and Quiet
Stance (QS)

cop 0CT 50% CT 80%CT SD (%)
Parameters (No CT) (Medium CT) (High CT)
COPw * 23,63 21,85 20,54 1,26
COPrange AP* 79,96 73,58 68,93 4,52
COPrange ML 25,66 25,17 24,70 0,39
vs COParea 1079,61 995,59 942,50 56,44
RMSpp* 12,29 11,24 10,58 0,70
RMSm. 4,48 4,52 4,54 0,02
COPvec 7,43 7,30 7,11 0,13
COPrange AP 16,38 15,50 14,84 0,63
COPange ML 8,09 7,97 7,98 0,05
Qs COParea 98,30 91,43 86,86 4,70
RMSap 29,28 30,23 29,33 0,43
RMSmc 15,93 14,70 12,44 1,44

4.2. Main Findings

The results of Friedman Test have indicated decrease in CoP Velocity, Sway Range in

AP direction and Sway rms in AP direction.
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Voluntary Sway-CoP Velocity: The non-parametric Friedman test of differences
was conducted and rendered a Chi-Square value of 9,579 which was significant
(p=.008). Wilcoxon Test was conducted to see the differences between pairs. Zero
CT, Medium CT and High CT conditions were significantly different from each
other. When participants were presented with different levels of cognitive tasks,
their velocity when swaying changed. The difference between high CT and 0 CT
task conditions was the most different pair. Their velocity decreased as the
cognitive task became more difficult.

Voluntary Sway-Range in AP direction: The non-parametric Friedman test of
differences was conducted and rendered a Chi-Square value of 9,579 which was
significant (p=.008). Wilcoxon Test was conducted to see the differences between
pairs. Zero CT, Medium CT and High CT conditions were significantly different
from each other. The most different pair in the sway range in antero-posterior
direction was high and 0 cognitive task pair. The participants’ range in AP
direction shrunk as the cognitive task became more difficult.

Voluntary Sway rms in AP direction: The non-parametric Friedman test of
differences was conducted and rendered a Chi-Square value of 6,737, which was
significant (p=.034). Wilcoxon Test was conducted to see the differences between
pairs. Zero CT, Medium CT and High CT conditions were significantly different
from each other, excluding the pair of Medium CT-High CT. The root mean square

in the AP direction decreased as the difficulty of cognitive task increased.

Wilcoxon Signed Ranks Test was conducted as paired difference test. Results are

presented in Table 3.

Table 3. Results of Wilcoxon Signed Ranks Test on selected COP parameters

Test Statistics Asymptotic Significance
Medium High CT-0 High CT- Medium High CT- High CT-
CT-0CT CT Medium CT CT-0CT OCT Medium CT
COPye -2,53 -3,01 -2,81 0,011 0,003 0,005
COPrange AP -2,65 -2,81 -2,53 0,008 0,005 0,011
RMSa» -2,49 -2,65 -2,29 0,013 0,008 0,022
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As reported below, the results of Friedman Test have indicated no significant
difference in range in ML direction, COP Area, rms in ML direction for Voluntary
Sway; COP Velocity, range in AP direction, range in ML direction, Area, rms in AP

direction, rms in ML direction for Quiet Stance.

e Voluntary Sway Range in ML direction: The non-parametric Friedman test of
differences was conducted and rendered a Chi-Square value of 1,263 which
was not significantly different (p=.53)

e Voluntary Sway COP Area: The non-parametric Friedman test of differences
was conducted and rendered a Chi-Square value of 1,684 which was not
significantly different (p=.431)

e Voluntary Sway rms in ML Direction : The non-parametric Friedman test of
differences was conducted and rendered a Chi-Square value of .105 which
was not significantly different (p=.949)

e Quiet Stance COP Velocity: The non-parametric Friedman test of differences
was conducted and rendered a Chi-Square value of 2,947 which was not
significantly different (p=.229)

e Quiet Stance Range in AP Direction: The non-parametric Friedman test of
differences was conducted and rendered a Chi-Square value of 2,947 which
was not significantly different (p=.229)

e Quiet Stance Range in ML Direction: The non-parametric Friedman test of
differences was conducted and rendered a Chi-Square value of 2,000 which
was not significantly different (p=.368)

e Quiet Stance Area: The non-parametric Friedman test of differences was
conducted and rendered a Chi-Square value of 1,368 which was not
significantly different (p=.504)

e Quiet Stance rms in AP Direction: The non-parametric Friedman test of
differences was conducted and rendered a Chi-Square value of .421 which

was not significantly different (p=.810)
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e Quiet Stance rms in ML Direction: The non-parametric Friedman test of
differences was conducted and rendered a Chi-Square value of 5,474 which

was not significantly different (p=.065)

Below, Descriptive Statistics, Mean Rank and Friedman Test Results of Voluntary

Sway in Zero, Medium and High Cognitive Task conditions are presented in Table 4.

Table 4. Descriptive Statistics, Mean Ranks & Friedman Test Results of Voluntary

Sway
Descriptive Statistics F-Test
Voluntary Sway Mean Std. Mean  Chi-  Assym.
(M) Dev. Min. Max. Rank Square Sig.
oct 23,63 7,85 11,15 40,08 2,47
COPyy * MediumCT 271,85 6,7 9,81 36,37 2,05 9,579 0,008
High CT 20,54 6,48 8,87 31,88 1,47
ocT 7996 2851 357 133,86 2,53
f\gf’a"ge Medium CT* 7358 2579 3544 130,86 1,95 9,579 0,008
High CT* 68,93 257 32,48 114,84 1,53
ocr 25,66 8,46 13,69 4892 2,21
;IOLP“““ MediumCT 2517 7,94 13 475 1,89 1,263 0,532
High CT 24,7 7,11 13,19 38,32 1,89
ocr 1079,61 637,63 351,12 2594,64 2,21
COPprea Medium CT 99559 571,48 378,39 242585 2 1,684 0,431
High CT 942,5 512,05 350,86 191841 1,79
ocr* 12,29 4,47 6,49 22,25 2,42
RMSp* MediumCT* 1724 376 6,01 20,91 2 6,737 0,034
High CT* 10,58 3,57 5,36 17,57 1,58
ocr 4,48 1,45 2,33 7,86 1,95
RMSyw, MediumCT 452 1,33 2,36 7,7 2 0,105 0,949
High CT 4,54 1,31 2,44 7 2,05

* significantly different result (p<.05)
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Below, Descriptive Statistics, Mean Rank and Friedman Test Results of Quiet Stance

in Zero, Medium and High Cognitive Task conditions are presented in Table 5.

Table 5. Descriptive Statistics, Mean Ranks & Friedman Test Results of Quiet Stance

Descriptive Statistics F-Test

Quiet Stance Mean Chi-  Assym.

Mean  St.D. Min. Max. Rank Square Sig.

ocT 7,43 261 475 1461 2,11

COPyy *  Medium CT 7,3 2,26 44 12,79 2,21 2,947 0,229
High CT 711 2,19 445 11,65 1,68
ocT 16,38 6,71 821 37,34 2,21

ig:’a"ge MediumCT* 155 553 827 30,23 211 2947 0,229
High CT* 14,84 523 795 251 1,68
ocT 809 3,69 397 1791 211

CMOLP""'“EQ Medium CT 797 3,43 3,76 17,47 2,16 2 0,368
High CT 798 3,78 349 17,45 1,74
oct 98,3 99,51 22,11 42411 2,16

COPagea  Medium CT 91,43 856 18,555 384,08 2,05 1,368 0,504
High CT 86,86 76,2 19,74 280,46 1,79
ocT* 29,28 20,08 5,08 7503 1,89

RMSqe*  MediumCT* 3023 20,73 7,6 7395 2,11 0421 0,81
High CT* 29,33 20,32 6,19 7896 2
ocT 15,93 14,253 2,13 66,63 2,32

RMSw. Medium CT 14,7 13,78 2,3 6427 2,11 5,474 0,065
High CT 12,44 10,56 1,69 50,33 1,58

* significantly different result (p<.05)
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CHAPTER 5

DISCUSSION

This dual task paradigm study was conducted for understanding the interference
between the postural task difficulty and cognitive task (CT) difficulty. We inquired
how the postural task would be affected by the presence of a zero/medium/hard
cognitive task. As mentioned in the Problem Statement, the literature indicates
different results on the effect on cognitive tasks’ effects on postural control. Some
claim cognitive task addition to enhance the control of posture, some claim it to
interfere with it. One main outcome from our literature review was that cognitive
task’s effect on postural control could be observed when CT is difficult enough to
possibly cause dual task interference. Therefore, the intention of this thesis was to
control the difficulty aspect of the cognitive task by setting an individualized difficulty
level. Varying the difficulty with different cognitive tasks would mean the possibility
of loading different areas of working memory, therefore instead of choosing different
standard secondary tasks, a pre-determined single task was used with different
difficulty levels. Varying the difficulty was the frequency of math calculation steps,

which was a quantifiable parameter.

The first hypothesis was that the presentation of a difficult cognitive task performed
concurrently with the postural task would result in deterioration of postural task. The
first part of experiment was to quietly stand with no cognitive task, then 50% of MF

of CT (medium difficulty), then 80% MF of CT (high difficulty) in order to observe
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whether there are significant changes in the trajectories of CoP. It was expected that
the presence of CT would significantly affect the postural control, causing dual task
cost. However, presentation of cognitive task did not indicate any significant
differences in COP parameters under quiet stance condition. Why have not any dual
task costs been observed in quiet stance condition? Why isn’t there any dual task
interference between motor (quietly standing) and cognitive task, having significant
effect on either one? One explanation could be that the performance of one specific
task is not dependent only on its difficulty but also dependent on the existence of
another task with which it is time-shared (Nickerson, 1981). In the quiet stance
conditions, medium or high level of cognitive task presentation did not have any
significant effect on the CoP trajectories. It is speculated that for the dual task
interference to occur, one or both tasks should exceed the limit of attention and in
this case, the postural control was not disturbed by the cognitive task. Quietly
standing, like sitting, is a daily life activity that requires less attention than swaying
with the rhythm of metronome. Therefore, it is not accidental that this postural task
remained unaffected by an additional task. To interpret further, completing a series
of arithmetics as quietly standing was no different than completing the series as

sitting on a chair, just like the very first part of experiment.

Pellecchia (2003) pointed out that as cognitive tasks became more difficult, postural
control deteriorated, causing dual task interference. In our case, the cognitive task
difficulty failed in affecting the motor task since the motor task was not attentionally
demanding enough for dual task interference to occur. Had the muscle activity data
were collected and processed, we could have reached more clear results like Maki
and Mcllroy (1996) since they detected an increase muscle activity in Tibialis Anterior
muscle when subjects were quietly standing as they were completing mental
arithmetic tasks. The parameters that were measured in this thesis fail to reach more
information about the changes that occur when completing a secondary task under
quiet stance condition. How about voluntary sway condition? CoPvel, COPRrange in AP

direction and rms in AP direction indicated significant results (p<.05) rendering Chi
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Values of 9.57, 9.57 and 6.73, respectively. There might be several explanations of
these results, such as freezing effect due to joint stiffness, external focus of attention,
overwork of attentional capacity or Allport’s goal directed approach on attention.
Each possibility is discussed below. The velocity, speed with a direction, decreased as
the cognitive task became more difficult, which may indicate the freezing effect of

the additional task.

The fact that participants’ speed dropped might mean that an increase in co-
contraction of muscles that act on ankle joint occurred. This is referred to as joint
stiffness. Joint stiffness is the relationship between the relevant joint and the torque
produced (Lang & Kearney, 2014). In this case, ankle stiffness, which indicates the
ankle strategy for recovering from perturbances, is a strategy preferred when the
perturbances are small. (Creath, Kiemel, Horak, Peterka & Jeka, 2005). The sway
motion that happens in antero-posterior direction is controlled by dorsi and plantar
flexors of ankle joint. But what can be the reasons behind the use of ankle strategy?
Huffman et al. (2009) proposes that ankle stiffness happens when there is need to
control the posture under a threat, which leads to a boost in available cognitive
resources. McNevin and Wulf (2002) suggest that when ankle stiffness happens, it is
caused by the external focus of attention in order to make cognitive resources more

available for other tasks.

On the other hand, Dault et al. (2001) observed a tighter control in posture, which
was because of decrease in amplitude of sway, when subjects were completing
working memory tasks. Dault et al. (2001) support the general capacity limitation
hypothesis with their experiment, claiming that stiffness happens to make more
attentional resources available because co-contraction requires less attention.
Morasso and Sanguineti (2002) believe that co-contractions in ankle joint occur to
help to restore posture when it is disturbed. They claim the stiffness to be an
energetically expensive action of ankle muscles, which is a compensatory action done

with the intention on stabilization. Instead of a reciprocal work between plantar and
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dorsi flexors, all muscles are involved to co-contract and stabilize. All these views on
why ankle stiffness occurs, therefore why ankle strategy is used, have one thing in
common: they point out the need for freeing up available attentional resources. It is
possible that, the participants of this experiment preferred their attention to be
allocated to the cognitive task, rather than paying attention to the sway task as much
as they did when there was no cognitive load. Referring back to Neumann (1987) and
Allport’s (1985) theories of attention (action selection approach), when one action is
preferred over the other one, the first action may be delayed, deteriorated or
abandoned completely. When the preferred task is to be executed, the other task
may not be able to remain unaffected since attention is allocated to another task. In
the case of our experiment, the completion of cognitive task was preferred over the
postural task. However this preference did not result in the abandonment of one of
tasks, rather it resulted in a decrease in some of CoP parameters. Further
experimental setups are needed to define the reasons behind the decrease, like EMG
measurements on muscles that act on ankle joint for detecting whether there can be

in deed a freezing effect.

Plummer et al. (2013) claims that there can be four types of changes when a motor
and a cognitive task are concurrently performed: motor task facilitation, motor task
interference, cognitive task facilitation and cognitive task interference. There might
be also a combination of these four possibilities. In our study there was an
interference of two tasks. Among the dual task conditions, motor and cognitive
interference is a specific one and during such dual task performances, and difference
from the base single task condition shows interference. This is known as dual task
cost (Friedman et al., 1982). The dual task cost was observed in many other studies.
Szturm (2013) researched the cognitive and motor task demands on gait and
concluded that divided attention when walking at a constant speed resulted in
decreased performance of a visuo-spatial cognitive task and an increased variability
in locomotor rhythm. Bergamin et al. (2014) made their research on adults and older

adults under a dual task environment. They used various cognitive tasks like Spatial-
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memory brooks test (SMBT), Counting backwards aloud test (CBAT) and Mental
arithmetic task (MAT). They conclude that dual task conditions affect the participants'
balance variables differently depending on their age, like an increase (counting
backwards aloud) or a decrease (arithmetic and spatio-visual memory tasks) in their

COP velocity and sway area.

Ceyte et al. (2014) suggest that when postural task and a cognitive task are performed
together, a limit will be reached in the capacity for attention. They included
participants of older and younger age in the study to quietly stand under three
different visual conditions (vision, no vision and moving visual surrounding with two
support condition: fixed or moving surface). According to the results, adding a
cognitive task during quiet stance, increased the body sway compared to single task
condition. The motor task was affected by the secondary task. They also concluded
that younger adults preferred the cognitive task over the motor task, unlike what
literature suggests on the preference of older adults who put posture first over the
cognitive tasks. Teasdale et al. (2001) studied the reaction time under different visual
and surface conditions. Participants were young and old adults. Their CoP was
observed for sway rate. The results showed a slowing down of reaction time as
postural task difficulty increased (no vision and standing on a foam surface).
However, in older adults, reaction time was even slower under no vision condition,
which might mean a higher reliance on sensory information from environment. The
absence of sensory information required more attentional resources in order to

maintain the quiet stance.

Maylor and Wing (2001) investigated the difficulty of cognitive task and its effect on
postural control. They chose 5 different cognitive tasks to be completed by young and
older adults. Younger adults scored better in all cognitive tasks except one (silent
counting). Age related decrease in performance was the most in Brook’s Test and
Backward Digit Recall test, which is also a visuospatial memory test like Brook’s test.

Maylor and Wing conclude that visuospatial working memory is closely related to
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postural control because vision is a crucial source of sensory information. Lajoie and
Teasdale (1996) studied attentional requirements for standing and walking with a
reaction time task. 8 young and 8 older participants were told to walk in a broad
support and a narrower support. When base of support became narrower, the
reaction time completion time increased in the older participants. When they were
asked why they think it might have happened, their answer was to have more security
during walking. Even when their walking pace was slowed down, this did not change
the fact that reaction time still increased. Their study confirm that postural tasks
require greater attention when aging. Attentional demands for postural control is
present but they become more evident as we age. Such similar findings in the
literature suggest that dual task interference occurs due to a need for greater
attentional resources during cognitive tasks, but especially the ones that take up
visuospatial working memory. When the cognitive task occupies similar resources
that postural task also occupies, the interference becomes more distinct. However,
there are some other findings in the literature that claim to observe an increase in

postural control performance under dual task conditions.

Patel et al. (2014), Swan et al. (2004) and Vuillerme and Vincent (2006) conclude that
when the secondary task is difficult enough, then postural control increases. After
contemplating on such experiments, we would like to approach differently to the
results of these studies. The decrease in COP displacements are interpreted as an
increase in postural control. Reduced sway rates are thought to be an indication of a
higher control. We believe that muscle activity measurement can offer good
information on why this descrease of sway occurs. The less degree of freedom in
postural task might show a freeze effect. McNevin and Wulf (2002) suggested that
their participants showed less movements by displaying increase in freeze/joint
stiffness. Stiffening of ankle joint when face with a threat, therefore having less
variable trajectories in CoP, has been interpreted as more need for attentional
resources by many others as in many other dual task design studies (Brown, 2006;

Carpenter, 2001; Carpenter 1999). The freezing behavior and less CoP displacement
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can also be observed in animals under threat (Facchinetti, 2006). The dual task design
studies that focus on the effect of cognitive task on postural control and the effect of
anxiety on postural control show similar findings of decreased CoP displacement due

to stiffening of ankle joint or freezing effect.

On the other hand, according to McNevin and Wulf (2002), the decrease in CoP
displacement is a result of external focus of attention, rather than being the result of
ankle stiffness or freezing effect. External focus of attention makes automatic control
processes free cognitive resources. Also Dault et al. (2001) concluded that decreased
CoP trajectories are result of less attentionally demanding co-contraction of muscles.
However, Stins et al. (2001) found no support for McNevin and Wulf (1992) and
Vuillerme and Vincent (2006) ’s interpretations on CoP displacement, who suggest
that less trajectories stem from more automatically controlled processes. In the
context of balance and anxiety, the lessening of CoP displacements is interpreted as
a tight control of balance that functions as a protective mechanism. Since joint
stiffness is achieved through increased co-contraction of muscles and tighter
feedforward control mechanisms, at this point it is believed that that different
interpretations of CoP displacements can be guided better by collecting muscle

activity data.

Last but not least, one of speculations why dual task interference was observed might
be on attention. The attentional system strives for coherent behavior and a goal
directed action planning. As Allport (Allport, 1989) noted in his work Visual Attention,
goal-directed behaviors require prioritizing tasks and coordination of these tasks
under motivational, cognitive, motor and sensory levels. The participants in our study
may have prioritized the cognitive task over the motor one. The selective nature of
attention might have caused the participants to compute cognitive task as more
important than the motor task. Also, since coordination of tasks is a determining
factor, we might have seen different results under the same experimental design,

after practicing hours provide them a chance to coordinate between those two
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different tasks. If the participants were cued that the postural task was more
important to be completed than the cognitive task, we also might have observed
interference in the cognitive task. Woollacott and Cook (Woollacott-Cook, 2002)
stated that the control of motor task depends on the complexity of secondary task.

Complexity of a secondary task also connoted difficulty.

The task difficulty, as suggested in Allport (1989)’s work, may have increased the
attentional demands of coordination of both tasks for the participants in our study.
Since the control of motor task had an interference as difficulty of cognitive task
increased, it can be concluded that the control of posture was affected by
presentation of cognitive task. The successful execution of goal directed actions
required one action to be modified to made it possible to complete general action
planning. Again to quote Allport (1989), for the successful completion of goal directed
action, one of the actions (motor task of voluntary swaying) was modified and had
less range of motion in AP direction and less velocity. The modification happened in
in “space” element of the task, rather than “time”. Since COP parameters which were
measured were partly belonging to space and partly belonging to time elements; it
can be concluded that the cue of keeping up with the metronome ensured the
stability of “time” element. The “space” element, on the other hand was modified
(decrease in COP trajectories) in order to complete the single whole task of “swaying
with a metronome beat of 30 BPM while calculating auditorily presented arithmetic
calculations”. Since an interference was observed, further studies might explore the
trade off between time and space under dual task conditions. This concept of trade-
off agnates the speed-accuracy trade-off; likewise congitive load caused modification
of one of accuracies (time & space). Participants were completing their postural and
cognitive tasks under space and time elements but a modification in range of motion,
therefore “space”, was observed and although our study is not sufficient to explore

the reasons why, the reasons behing this modification can be further examined.
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CHAPTER 6

CONCLUSION

It was observed that there was a dual task interference between the motor task,
which was swaying in accordance with a metronome beat, and a concurrently
presented cognitive task, which was arithmetic calculations. As the difficulty of
cognitive task increased from medium (50% of maximum frequency) to high, (80% of
maximum frequency) the parameters of COP (Velocity, range and rms values in AP
direction) trajectories showed significant changes as cognitive task difficulty
gradually became more difficult. The cognitive load had a significant effect on motor
task resulting in dual task cost. The attentional sources had to be freed up for a
simultaneous cognitive task to be completed. On the other hand, quietly standing
task remained unaffected by the presence of cognitive task and none of the
parameters showed significant differences from no cognitive task condition. It is
speculated that quiet stance did not count for a challenging motor task for attentional
sources. Since quietly standing is a very common daily life posture, there was no dual

task cost when cognitive task was presented to participants.

6.1. Further Studies

Further studies that tackle the issue of postural control and cognitive task under dual
task conditions can include not only data obtained from force platforms on CoP, but
also simultaneous muscle activation data to reach clearer conclusions. In this thesis,

the data could be cultivated from Tibialis Anterior and Gastrocnemius muscles to

60



reflect on the ankle movement because the task of swaying occurs in ankle joint but
also ankle strategy is the first one to be used for micro sways that happen in quiet
stance. Also, monitoring the execution of cognitive tasks, whether they are
accomplished or abandoned or interfered can contribute to the literature, e.g.
controlling the cognitive task error rates. Using different types of cognitive tasks
might help detecting the underlying mechanisms for dual task interference, for
example when two tasks are of domains using similar pathways (Leone et al. 2017).
For further studies, we would like to suggest controlling the motor task (postural task)
difficulty and cognitive task difficulty to observe how the dual task interference might
occur. Also, adding psychologically different (anxiety, threat etc.) environmental
settings can have guiding function in interpreting the results in the perspective of

freezing effect.
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APPENDICES

A: AVERAGES OF COP PARAMETERS

Below are tables (Table 6-17) that show the averages of COP parameters in Voluntary

Sway and Quiet Stance for each subject under 3 different cognitive task condition.

Table 6. Averages of COP Parameters: VS-Velocity

VS COPvel No CT Medium CT High CT
S01 20,94984594 20,1570675 18,0795541
S02 21,81547479 21,30658509 20,44433069
S03 26,94927647 23,39165116 22,17138126
S04 11,14840138 9,809040141 8,865238107
S05 15,76283326 16,02862159 14,51983455
S06 22,04854842 22,63869465 23,51240679
S07 40,0781067 31,45258989 31,87943808
S08 29,5776564 30,06904379 30,51274412
S09 13,43891443 13,73133909 12,88811616
S10 37,75755068 36,36810068 30,20904382
S11 30,58380444 21,97260167 18,26461892
S12 15,94823261 16,28445917 15,61140235
S13 20,52893959 21,37411583 21,44371291
S14 17,18374175 14,0721259 12,94243279
S15 26,19497031 25,96814169 27,28198682
S17 20,08495078 19,54040248 18,56235725
S18 23,93446704 21,52404231 19,18719929
S19 22,36397668 19,45205343 17,2540666
S20 32,65356856 30,07903972 26,65832543

Mean: 23,63175054 21,85366925 20,54148369
St. D. 7,649699458 6,525505257 6,314632692
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Table 7. Averages of COP Parameters: VS-Range in AP

VS COPRange AP
S01
S02
S03
S04
S05
S06
S07
S08
S09
S10
S11
S12
S13
S14
S15
S17
S18
S19
S20

Mean:

St. D.

No CT
72,71019478
81,32395912
101,3319046
35,69676615
56,92692249
45,75298615

130,328603
88,41021638
45,89000289
133,8616532

98,1742953

52,612171

69,8853384
57,58685132

116,247444
67,63095044

72,4982534
90,75537045
101,6252833
79,96048244

27,7561914

Medium CT
70,65304667
74,57637877
83,77720818
35,43791122
55,14277588
47,74260627
114,5592459
92,92580791
48,05566238
130,8607099
67,82251734
55,76876476
70,80458084
41,0334364
110,8434694
60,87497616
66,22600122
78,22853754
92,86420534
73,58936011
25,10705262

High CT
58,88243819
70,61468598
76,64541389
33,48559761
46,84929142
50,29699889

114,839946
101,4412266
42,15246822

109,908303
58,52617041
57,32532294
74,82399632

32,4761076
111,8996959
54,21123982
61,34300164

66,3710768
87,57740934
68,93002056

25,0228724
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Table 8. Averages of COP Parameters: VS-Range in ML

VS COPRange
ML

So1
S02
S03
S04
S05
S06
S07
S08
S09
S10
S11
S12
S13
S14
S15
S16
S17
S18
S19
S20
Mean:

St. D.

VSRANGEML-
VSOCT

26,72669
24,61955
20,92932
23,41431

16,8627
19,29565
23,06077
35,74317
18,35241
33,62796
32,25116
13,69061
26,88776
19,50002
18,97306

24,2126
24,76241
35,71841
48,91566
25,66022
8,235454

VSRANGEML-
VS50CT

25,37932
24,62674
18,61641
19,93833
17,56633
22,85621
22,74904
35,77206
18,2367
31,04039
28,10174
13,00097
29,14747
16,30842
24,16794

24,6967
26,38521
32,16058
47,49678
25,17091
7,731385

VSRANGEML-
VS80CT

20,73619627
19,67792988
20,74598046
18,44912554
16,11716574
24,58640327
24,982389
38,31929884
17,31553494
32,04059324
21,73038895
13,19224787
28,24337441
18,39569604
33,71536714

25,12954679
29,37399049
32,05660338
34,49739273
24,700275
6,921594788
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Table 9. Averages of COP Parameters: VS-Area

VS COParea
So1
S02
S03
S04
S05
S06
S07
S08
S09
S10
S11
S12
S13
S14
S15
S17
S18
S19
S20

Mean:

St. D.

No CT
870,142
1065,137
943,265
524,7953
456,9686
429,3069
1401,396
1452,652
403,4483
2594,64
1750,561
351,1157
911,4528
607,8758
990,5011
871,1534
958,1344
1593,471
2336,665
1079,615
620,6266

Medium CT
827,0692643
976,8865596
734,6946862
451,1289701
502,4885765
594,4128816
1139,021151
1558,808903
456,0404372
2425,850797
959,3135515
378,3852578
969,4010619
388,4375973
1375,471595
800,1097123
917,8770276
1290,809226
2170,151403
995,5978241
556,2459397

High CT
629,7749663
836,0739128
744,593827
394,2638034
466,0228886
768,9717011
1331,866078
1645,142493
407,6950775

1793,95705
675,612461
376,4837657
1003,371562
350,8628376
1918,414973
735,2023382
1030,374931
1090,329775
1708,574171
942,5046638
498,3908014
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Table 10. Averages of COP Parameters: VS-rms in AP

VS rms AP
So1
S02
S03
S04
S05
S06
S07
S08
S09
S10
S11
S12
S13
S14
S15
S17
S18
S19
S20

Mean:

St. D.

No CT
10,0511
13,00282
15,54695
6,485685
9,137958
7,180842
21,10748
13,05841
7,154952
22,25258
14,64373
8,117919
9,861598
8,945869
15,40756
10,30868
11,40856
14,26584
15,75567
12,29969
4,353939

Medium CT
9,94911
11,74926
12,5873
6,01244
9,232146
7,509323
17,12742
13,74773
7,693663
20,91417
9,700742
8,642011
10,27098
6,860994
15,03417
9,521787
10,19941
12,36613
14,47016
11,24152
3,66707

High CT
8,999714
11,76735
11,35381
5,762276
8,44744
8,511576
17,28549
14,55883
7,005193
17,5678
8,599036
8,27262
10,66742
5,355761
15,47341
8,807088
9,486709
10,31647
12,94478
10,58857
3,475012
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Table 11. Averages of COP Parameters: VS-rms in ML

VS rms ML
So1
S02
S03
S04
S05
S06
S07
S08
S09
S10
S11
S12
S13
S14
S15
S17
S18
S19
S20

Mean

St. D.

No CT
4,719988
4,566794
3,206016
4,411831
2,711787
3,248726
3,592884
5,918978
3,141701
6,311715
6,314433
2,330376
5,026164
3,492706
3,444394
4,540688
4,526011
5,920754
7,856794
4,488565
1,417072

Medium CT
4,513339
4,646756
2,969474
4,045897
2,967914
4,239777
3,642919
6,05589
3,245498
6,23111
5,401368
2,363137
5,097813
3,099835
4,796197
4,522643
4,810952
5,65767
7,702096
4,526857
1,301268

High CT
3,7294
3,833092
3,30245
3,612429
3,027093
4,955792
4,128108
6,036531
3,119497
5,626696
4,122293
2,436431
5,161603
3,625606
6,683206
4,454036
5,901998
5,671668
7,001536
4,548919
1,282156
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Table 12. Averages of COP Parameters: QS-Velocity

QS COPVel
So1
S02
S03
S04
S05
S06
S07
S08
S09
S10
S11
S12
S13
S14
S15
S17
S18
S19
S20

Mean:

St. D.

No CT
5,56674
4,754077
7,198533
6,583143
7,055631
10,50118
9,232447
14,61178
7,705717
10,02012
10,25055
5,189872
9,33307
5,456087
5,437402
5,564215
4,757499
5,310504
6,668601
7,43143
2,541698

Medium CT
5,523111384
4,40118389
7,099098253
6,800993364
7,868391132
10,97668775
8,802206638
12,78552784
8,265138204
8,930665266
9,48647659
5,265268367
8,488428698
5,780023695
5,52148288
5,229722613
4,763179261
5,356931171
7,527265122
7,309041164
2,200273752

High CT
5,080429537
4,450260633
6,668427229
6,08439057
7,801263174
11,37908066
8,751495105

11,6528132
8,659042655
8,777279263
8,494316638
5,042022141
8,674864156
5,989009919
4,868569229
5,083704862
4,872060058
5,337243495
7,470636282
7,112468884
2,139395975
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Table 13. Averages of COP Parameters: QS-Range in AP

QS COPRange AP
So1
S02
S03
S04
S05
S06
S07
S08
S09
S10
S11
S12
S13
S14
S15
S17
S18
S19
S20

Mean:

St. D.

No CT
11,51749
13,92926
12,28156
14,54491
17,54793
15,29672
13,83853
37,33579
13,8088
26,33428
18,25354
8,214974
23,7709
13,82465
12,46529
9,721142
13,04648
18,51525
17,10421
16,38693
6,532709

Medium CT
10,65072
12,17287
10,19325
15,13463
14,05491
15,6628
15,01213
30,2344
13,60846
21,93955
18,97577
8,265468
24,78419
13,96002
12,69407
8,695903
13,17704
18,44916
17,00059
15,50873
5,384586

High CT
9,621498
10,22004
8,699968
13,52678
14,13065
15,82035
15,3693
25,09995
17,39138
22,67607
16,44868
8,829297
24,71564
12,95607
10,71142
7,948079
12,20429

17,5962
18,08791
14,84493
5,090526
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Table 14. Averages of COP Parameters: QS-Range in ML

QS COPRange ML
So1
S02
S03
S04
S05
S06
S07
S08
S09
S10
S11
S12
S13
S14
S15
S17
S18
S19
S20

Mean:

St. D.

No CT
6,457668
3,973228
7,542418
8,497924
7,941617
9,034693
6,906022
17,90654
5,089164
15,38142
10,17168
5,230028
12,58512
5,866902
4,129588
6,046089
6,297005
6,003003
8,716144
8,093487
3,601277

Medium CT
7,073712
4,973708
5,522668
10,17345
8,356781
8,100649
7,257897
17,47462
6,479656
14,07636
10,52623
3,761978
10,14535
5,130194
3,87789
5,85585
7,308218
6,78133
8,734772
7,979543
3,339032

High CT
6,328685
6,57843
4,85413
9,42058
7,299206
8,605838
6,38868
15,48746
6,707051
17,45045
11,96233
3,941297
11,75807
4,354643
3,490531
5,436247
6,879451
6,447757
8,391268
7,988531
3,681651
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Table 15. Averages of COP Parameters: QS-Area

QS COParea
So1
S02
S03
S04
S05
S06
S07
S08
S09
S10
S11
S12
S13
S14
S15
S17
S18
S19
S20

Mean:

St. D.

No CT
43,77769
32,81935
47,87231
72,89198
94,38553
92,8866
59,44692
424,1101
39,47668
263,7066
108,4919
22,11311
198,3794
60,74873
26,29777
37,05964
50,14128
78,15298
115,0702
98,30678
96,85862

Medium CT
49,22196
35,14547
30,28148
93,72297
87,4196
72,48731

67,817
384,082
51,72913
200,8915
112,7969
18,55313
167,4918
46,31791
25,94226
28,24023
68,77401
80,96284
115,3795
91,43458
83,31792

High CT
45,20066231
40,69676591
22,88814062
91,50492092
65,8916543
73,34903325
58,65980329
254,5751132
65,69266148
280,4618656
128,7490723
19,73726832
189,1432121
32,65379324
19,80471344
23,58060599
70,95765782
65,54369495
101,2772724
86,86146903
74,17342031
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Table 16. Averages of COP Parameters: QS-rms in AP

QS rms AP
So1
S02
S03
S04
S05
S06
S07
S08
S09
S10
S11
S12
S13
S14
S15
S17
S18
S19
S20

Mean:

St. D.

No CT
11,25242
25,13667
18,49021
5,084747
49,12969
19,86508
12,96385
10,47665
9,137405
42,34023
13,31047
24,15444
37,28165
44,11628
70,0795
40,21457
29,01926
75,03118
19,35825
29,28645

19,5529

Medium CT
8,200824
27,75045
22,52977
9,11626
37,79769
20,94465
7,874689
20,01473
7,59722
36,50109
13,03594
24,4288
45,53753
60,86362
73,94896
45,99129
24,34069
70,11812
17,89448
30,23615
20,17736

High CT
16,17943
26,93262
14,40148
8,735146
42,32064
23,5344
6,191553
17,1599
11,91396
21,19738
13,14314
22,39357
43,15494
56,49572
78,96117
48,58688
21,98965
63,28534
20,85172
29,33835
19,77909
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Table 17. Averages of COP Parameters: QS-rms in ML

QS rms ML
So1
S02
S03
S04
S05
S06
S07
S08
S09
S10
S11
S12
S13
S14
S15
S17
S18
S19
S20

Mean:

St. D.

No CT
4,327401
23,0147
18,37568
25,25014
8,312721
16,61418
8,887058
15,8565
11,92378
9,936988
28,78304
4,311762
9,135076
7,495385
16,08255
9,547373
66,63074
2,134751
16,09824
15,93253
13,87327

Medium CT
5,384952
20,10987
13,99335
25,17983
5,339063
17,94247
13,76006
9,930255
13,75767
10,18721
22,63104
2,296138
7,145783
11,10817
9,603478
3,971803
64,26514
2,921205
19,78495
14,70065
13,41343

High CT
3,60957
17,99025
11,34896
15,74939
2,542701
15,26801
15,18479
8,466464
14,77678
11,38786
16,60895
1,693527
5,274846
11,91533
12,72538
3,560068
50,32698
5,098853
12,91519
12,44442
10,2847
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C: TURKISH SUMMARY/TURKCE OZET

BiLiSSEL GOREV ZORLUGUNUN POSTUR KONTROLUNE ETKisi

GIRIS

Ellerinin Gizerinde duran bir cimnastikgiden iki ayagi Gizerinde sigrayip inis yapan bir
basketbol oyuncusuna, topuklu ayakkabilari ile bir toplantiya yetismeye ¢alisan bir
kadindan zorlanarak glinliik hayatin rutini icinde ylirimeye calisan bir yasliya, tren
istasyonunu bulmaya calisan gérme engelli bir bireyden serebral palsili bir cocugun
yemek yemesine kadar acilan bu genis insan hareketi yelpazesinde bir ortaklik
mevcut: hepimiz kendi sinirlari ve becerileri dogrultusunda hareket ediyoruz. iste tiim
bu sayilan ve sayilmayan insan hareketlerinin herbirisinin en goériinmez eslikgisi
postir. Bu postir herkes tarafindan kullanilan bir postiir de olabilir yahut var olmayan
bir uzvun eksikliginin hissedilmemesi icin yapilan bir telafi de olabilir. Her ne olursa
olsun insan hareketi ve postir birbiri icine ge¢mis iki kavramdir. Denny-Brown’in
bahsettigi gibi “postiir ve hareket icin farkli mekanizmalar yoktur” (Denny-Brown,
1964). Hareket bir acidan da postiiriin bir modifikasyonu olarak goérilebilir. Ganlak
yasaminin ¢ogu zamanini iki ayak Gzerinde geciren insanlar olarak iki ayakli postir
bizler igin temeldir. Oturmak ve uzanmak gibi duruslar gerektiren goérevlerin
haricinde, ginlik yasantimizin bircok ani erekte bir omurga ve iki ayak lzerinde
dengelenerek gecer. Glinlerimiz oturmadan gecebilir ancak iki ayak Gzerinde durmayi
gerektirmeyecek bir gérevi olmayan saglikli bir birey distinilemez. Giinlik sekiz saat
ofiste calisan bir memur bile eve gitmek icin, arabasina binmek veya alisveris etmek
icin ayakta duracaktir. Ayakta, oturarak ve uzanarak olsun postiir, insan yasamina
hareket ve hareketsizlikle eslik eder. Kulaga bu kadar soyut gelen, tanimlanmasi gtic

gibi gorinen bu postiir dyleyse nedir? Onu kontrol etmek nasil mimkindir?
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Oncelikle, insan kontrolii yercekimli ortamda denge ve oryantasyon amaclari ile
dengenin saglanma becerisi olarak ifade edilebilir (Horak, 1987). Bu sebeplerle
postiriin iki amaci oldugu cikarimini yapabiliriz: oryantasyon ve stabilite. Bu iki amaci
gerceklestiren sistemler bitiini karmasiktir ve ilgili duyu ve emirleri, kas ve iskelet
sistemini koordine eder. Postirel oryantasyon, yercekimi, destek ylizeyi, cevre ve ic¢
referanslar ile iliskili olarak bedenin hizasini ve tonusunu kontrol etmektir. Postirel
stabilite ise sensorimotor stratejilerinin, kitle merkezini istemli veya beklenmedik
pertirbasyonlar siresince koordine etmesidir (Horaki 2006). Massion’a gore
(Massion, 1994) postiirel kontrol sisteminin iki temel islevi vardir: ilki, yercekimine
karsi bir direnc olusturarak dengenin korunmasidir. ikincisi ise beden segmentlerinin
oryantasyon ve pozisyonunu g¢evre kosullarina gére sabitlemektir. Temel olarak, sabit
veya hareketli bir hareket slresi veya sorasinda yapilan herbir eylem postiirel kontrol
mekanizmalari tarafindan yonetilir. Glnlik yasantida insan postlirii neredeyse higbir
zaman tek basina bir gorev olarak yer almaz. Tam da bu sebeple literatiir uzun yillari
boyu postiir kontrolliiniin dikkat gerektirmeyen, birlikte ¢alisan bir¢ok sistemin fark
edilmeden organize oldugu bir sirec¢ olarak tanimlanagelmistir. Fakat oyle midir?
Gercgekten de postir kontroli bizim dikkatimize gerek duymayacak kadar otomatik
sekilde mi gerceklesir? Eger postir Hunt'un soyledigi gibi (Hunt, 1922) “hareketin
golgesi” ise, bu onun planlanmasi igin higbir dikkat unsuru gerekliligi barindirmayan
bir stire¢ oldugu anlamina mi gelir? Eger insanin iki ayak lizerinde durma eylemi ¢ok
iyi 0grenilmis ve otomatik hale gelmis bir eylem ise, dikkatimizde hicbir yer
kaplamamakta midir? Kerr ve digerleri (Kerr, Condon and McDonald, 1985), bilissel
sureclerin ayni zamanda postir reglilasyonu icin de kullanilan néral mekanizmalari
kullandigini ileri sirmektedir. Andersson (1998) ise yaptigl calismada talepkar bir
denge gorevinin icra edilmesi esnasinda verilen bilissel gorevin basarilmasinda zorluk
gozlemislerdir. Bu dikkat ve postir iliskisinin sorgulandigi noktada literatiir dikkat
kaynaklarinin paylastiriimasi hususunu arastirmak Uzere ikili gérev paradigmalarini
kullanmaya baslamistir. Bu calismalar ikili gérev calismalari olarak adlandirilmakta ve
iki adet gorevin ayni zaman diliminde gerceklestirilmesi gerekmektedir. Bu sayede

olusabilecek olan “catisma”lar gozlenebilmektedir. Verilen goérevlerin bir tanesi
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motor ve digeri bilissel olabilir. Merkezi isleme kapasitesinin var oldugunu sayan
dikkat literatliri, gorevler arasindaki dagihmi inceleyebilmek igin ikili gorev
paradigmasini  kullanmaktadir. Bitin bu tartismalarin  bir adim gerisinde

bahsedilmesi ilk gereken nokta postiir kontrollinii saglayan bazi elementlerdir.

POSTUR KONTROLU MEKANIZMALARI

Taslari birbiri Gizerine dizerek dengede kalmalari ile glizel bir gériintl olusturan Japon
tas dizme sanatini disunelim. Tim taslarin kitle merkezlerinin birbiri lzerinde
hizalanmasini. Bu imge her ne kadar birebir olmasa da, insan bedeninin ayakta
postiriine benzemektedir. Beden pargalari birbiri ile dyle bir hizaldir ki yercekimi
kuvveti bu istemli gergeklestirilmis hizayi bozamaz. Diinyanin yergekimine karsi
bedenimiz, yercekimine es bir kuvvet uygulayarak istenen pozisyonu korur. Eger bir
noktada bu kuvvetler birbirine es olmaktan c¢ikar ise bir pertlirbasyon veya bir
hizlanma gorilir. Bu hizlanma veya pertilirbasyon sonucu kiitle merkezi istemli ve
istemsiz sekilde vyer degistirir. Merkezi sinir sistemi kitle merkezindeki
degisikliklerden suirekli haberdar olarak i¢ ve dis kuvvetleri optimize ederek dengeyi
korur (Winter, 1998). Eger Japon tas dizme sanatina donecek olursak, tabi ki insan
bedeni birbirinden tamemen bagimsiz bircok segmentten bir araya gelmemektedir.
insan bedeninin eylemleri ve durusu bircok systemin birlikte calismasi ile miimkiin
olmaktadir. Bu sistemlerden ilk bahsedilecek olan kas ve iskelet sistemidir. Kas ve
iskelet sisteminin bilesenleri ligamanlar, tendonlar, eklemler, kartilajlar, kemikler,
kaslar vb. olarak anilabilir. Eklemlerdeki hareket agikligi sayesinde beden pargalarinin
biyomekanik iliskisi kurulur. ideal sekilde hizalanmis bir insan postiirii yere dik bir aci
yaparak yercekimine karsi gelir. Bu hizalanmis posture yandan bakildiginda ve
yukaridan asagi dogru bir cizgi cizildiginde, bu cizgi su noktalari gecer: mastoid gikinti,
omzun hemen 6nlindeki nokta, kal¢ca eklemi, diz ekleminin ve ayak bilegi ekleminin
hemen 6nii (Basmajian ve Deluca, 1985). insan ayakta postiiriindeki aktif kaslar
sunlardir: Erektor Spinae grubu, iliopsoas, gluteus medius, biseps femoris, abdominal
kaslar, tensor fascia lattae, tibialis anterior ve soleus (Kendall and McCreary, 1984).

Diz ve ayak bilegi ekleminin hemen 6nlinden gecen bu ideal hizalanma cizgisi,
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gastroknemius ve soleus kaslari tarafindan yonetilir. Eger posterior dogru bir
yonlenme varsa tibialis anterior bu gizgiyi kontrol etmek icin aktive olur. Gluteus
medius ve tensor fascia lattae kaslari ise kalga ekleminin hiperekstansiyonunu
engeller. Literatirde bu kaslarin insan bedenini diiz bir gizgi halinde tuttugu ideal
postir “sakin durus” olarak adlandirilmaktadir. Bu durusa verilen adin aksine sakin
durusun pek de sakin oldugunu soylemek dogru olmayabilir. Literatlr insan
postirini ters duran bir sarkaca benzetegelmistir ancak yeni ¢alismalar bedeni daha
cok iki segmenti olan ve dik durusu saglamak adina farkli stratejiler kullanan iki
sarkaca benzetmektedir (Creath, 2005). Bu sdzde sakin durusun, respirasyon gibi bazi
icsel suirecler tarafindan bile kolayca etkilendigi gériilmustir (Jeong, 1991). insan
postirinin kontroli icin muskiiloskeletal bilesenler kendi baslarinda elbette yeterli
degildir. insanin sinir sistemi hazirlik, icra ve hareket kontrolii gibi siireglerden
sorumludur. Sinir sistemi iki ana kola ayrilir: Merkezi Sinir Sistemi ve Cevresel Sinir
Sistemi. Merkezi sinir sistemi omurilik ve beyinden olusurken, gevresel sinir sistemi
sensori ve motor olarak ikiye ayrilir: senséri ve motor kisimlar. Senséri kisim ¢evreden
merkezi sinir sistemine bilgi aktarimi yaparken, motor kisim ise merkezi sinir
sisteminden ilgili beden parcalarina icra edecekleri gorevleri iletir. Merkezi sinir
sistemi, sensori sistemler sayesinde ¢evreyi yorumlayacag bilgileri edinir, bedenin
kendi segmentleri arasindaki iliskiyi algilar ve uzaydaki konumunu belirler. Postir
kontrolinde en c¢ok kullanilan sensoéri bilgi kaynaklari goérsel (viziel) system,
somatosensori system ve vestibliler sistemdir. Diger sensori bilgi aktarimlarinda
oldugu gibi bu sistemlerden gelen tiim bilgiler merkezi sinir sistemi tarafindan giincel
durumu algilamak acisindan yorumlanir. Cevre kosullari, beden konumu veya
bedenin kendi parcalari arasindaki iliski degistikce, merkezi sinir sistemine aktarilan
bilgiler sayesinde yeniden yorumlanma ve algilama dolayisiyla da yeniden organize
olma meydana gelir. Bir gorevin gerektirdikleri ve cevresel kisitlamalar merkezi sinir
sistemine aktarilan bilgilere yansir ve merkezi sinir sistemi bu degisiklikleri algilar.
Merkezi sinir sistemi, basin pozisyonu hakkinda bilgiyi vestibliler sistemden, cevre
hakkindaki bilgiyi viziiel sistemden ve bedenin referans pozisyonuna dair bilgiyi

somatosensori sistemlerden alir.
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LITERATUR TARAMASI

DIKKAT

Postiir kontroli, bilissel ve motor gorev (¢llistinin gdézden kacan 6nemli bir elemani
var: Dikkat. Tarih boyunca birgok disiplin dikkati farkli sekillerde tanimlamistir. Bu
tanimlarin en bilindiklerinden birisi sudur: herhangi bir anda farkinda oldugumuz sey
(James, 1890). Farkinda olmak veya olmamak bu tanimlamada anahtar rol
oynamaktadir. Bazi bilgiler farkinda olunmadan islenirken, bir kismi ise farkinda
olunarak islenir. Bu durumda bazi gorevlerin dikkat gerektirdigi ve bazi gorevlerin de

dikkat gerektirmedigi sonucu cikarilabilir. Peki durum gercekten de éyle midir?

DIKKAT VE POSTUR KONTROLU

Postiirel kontrol U¢ hareket baglaminda categorize edilebilir (Blanchard ve ark.,
2005). ilki static postiiriin korunmasi, ikincisi istemli hareketlerden olusan dinamik
postir kontrolli ve Uglinclsu ise beklenmedik durumlar karsisinda bir reaksiyon
islevinde olan reaksiyonel postir kontroltidir. Statik postir durusunda postir, viziel
ve propriyoseptif sistemlere dayanarak calisan kapali dongi geribildirim ile ¢ahlsir
(Woolacoott-Cook, 1985). Ote yandan sabit olmayan postiirel gérevlerin, mimkiin
pertlirbasyonlarin 6n gorildigli acik dongl ileri besleme sistemleri ile calistig
disunilmektedir (Massion, 1992). Bu tarz yaklasimlar postir kontrolliniin refleksif ve
otomatik olarak tanimlandigi geleneksel gorisleri destekler niteliktedir. Geleneksel
postir kontroli literatlirli, postiriin otomatik dogasi sebebiyle dikkat gerektirmedigi
ve dolayisiyla da bilissel aktivitenin gerek duyulmadigi gorislerini savunur.
Woollacoot-Cook (Woollacott-Cook, 2002) ise “denge kontroliiniin talep ettigi dikkat
miktarinin, birincil ve ikincil gorevlerin karmasikligina bagh oldugunu” ileri
sirmektedir. Bu goris, postirel gorev (motor gorev) ve bilissel gorevlerin bir arada
icra edildigi durumlarda, dikkat kapasitesinde bir asim meydana gelebilecegi
yoniindedir. Ote yandan farkl ¢alismalarin 6ne siirdiigii yorumlamalar da mevcuttur.
Bir gorevin tamamlanamamasi ve eksik olarak icra edilmesi bu gorevin bir kenara

birakildigi anlamina gelebilir. Béyle durumlarda “dncelik verilmeyen” goérevlerin
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islenmesi ertelenebilir veya tamamen birakilabilir, ki bu da gérevde gecikme veya
zarar gorme ile sonuglanabilir. Sonug olarak postir kontroli gérevlerinde dikkat

unsuru yok degildir.

IKiLi GOREV VE iKiLi GOREV CAKISMASI

Dikkatin postir kontrollindeki roliinii anlamak amaciyla, tek gorevli dizaynlarla
kiyaslamak Uzere ikili gbrev dizaynlari tasarlanmistir. Bu ikili gérevler, bir dnceki
climlede bahsedilen amag¢ dogrultusunda bir adet motor gorev ve bir adet bilissel
gorev olarak belirlenmistir. Bilissel gorevin kaplayacagi alan, dikkat ve bilgi isleme
sureclerinde gozlenebilmektedir. Bu tarz ¢alismalar ikili gorevlerin her ikisinin de
tamamlanmasi ile sonlanabilirken ayni zamanda bu iki gorevin cakismasi ile de
sonlanabilir. Bu cakisma sonucunda goérevlerden birisinin icra edilmesi kalitesi
disebilir veya bu gérev tamamlanmaktan aciz kalabilir. Bu iki olasiligin gergeklestigi
durumlara ikili gérev ¢akismasi adi verilir. Allport’un bahsettigi gibi (Allport, 1989)
eger insanlar gorevleri tek tek, birer birim olarak degil de tim goérevleri bir bitin
olarak tanimliyor ve o sekilde bircok gérevi ayni anda icra edebiliyor ise eger, bu ikili
gorev cakismasi nicin gézleniyor? Yine kendisinin cevapladigi Gizere “her amac odakh
hareketler bitini tamamlanmasi icin ideal durumlara muhtactir.” Eger icra edilecek
olan gorevler birbiri ile celisir ise, bu gorevlerden bir tanesinin modifiye edilmesi
gerekebilir. Eger modifiye edilen gorev de yeterli olmaz ise baska bir géreve oncelik
verilebilir ve kalan gorev veya gorevler ertelenir yahut bir kenara birakilir. Benzer
sekilde Neumann da ayni konuyu ilintili sekilde ele almistir. Neumann’a gore
(Neumann, 1987) ikisi de birbirinden bagimsiz goriinen eylemler ayni anda icra
edildiginde, bu iki bagimsiz gorev tek bir birim olarak algilanir ve eylem planlamasi bu
dogrultuda gerceklestirilir. Eger bu iki gbrevin bir arada yapilmasi bir sekilde sekteye
ugrarsa, tek bir birim olarak algilanmasi gereken bu iki gorevin koordine edilmesi
hususu basarisizhgin  sebebi olarak gosterilebilir. Ote yandan, goérevlerin
bilesenlerinden “zorluk” bir sekilde manipiile edilirse, bu durumda goérevlerin icrasi
da degisecektir. Baska bir deyisle, genel eylem plani yeni zorluk derecesi ile tehdit

altina girmez ise, gérevlerin performansi ayni, degismemis sekilde kalacaktir.
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POSTUR KONTROLU VE BiLISSEL GOREV ICEREN iKiLi GOREV PARADIGMASI

Postiir kontroll ve bilissel gorevin birlikte icra edildigi ¢alismalarin bir kismi, bilissel
gorev varliginin postlir kontrollini iyilestirdigini 6nce slirerken, bir kismi ise postir
kontroll ile bilissel gorevin cakistigl sonucuna varmaktadir. Cetye ve ark. (2014)
postir kontrollniin saglanmasi ve es zamanl olarak bilissel gorevin icra edilebilmesi
icin kullanilan dikkat kapasitesinin limitli oldugunu idda etmektedirler. Yaptiklari
calismada 71 geng eriskin yer almistir. Verilen motor gorev ayakta sakin durusu
pozisyonunu olabildigince sabit tutmaktir. Ug farkli viziiel durum yaratilmistir: Gériis
var, gorus yok ve var olan goris alaninin iki farkh sekilde (sabit veya hareketli destek
ylizeyi) manipule edildigi durum. Gorisin var oldugu durumda katilimcilara bir resme
bakmalari séylenmistir. Bu motor gorevlerin icrasi esnasinda katilimcilara, mimkiin
olan en hizli ve dogru sekilde tamamlamalari salik verilerek bir bilissel goérev
verilmistir: kendilerine verilen numaraya 3 veya 13 sayilarini kullanarak surekli olarak
citkarma islemi yapmak. Her denemenin sonunda ise eristikleri sayiyi sesli olarak
sdylemeleri talep edilmistir, ki bu da bilissel gérevin tamamlanip tamamlanmadigi
hakkinda bilgi vermektedir. Calismanin sonugclarina gore, bilissel gorevin eklenmesi
yalnizca sakin durus goérevine gore salinimi artirmistir. Gozlerin acik oldugu ve resme
bakilan durumda katilimcilar bakislarini bir noktaya sabitledikleri igin, bilissel gérevin
salinima anlamli etki etmedigi gorilmustir. Bilissel gorevin cevreyle herhangi bir
etkilesimi gerektirmedigi, bu sebeple de bakisin bir noktaya sabitlenerek bilissel
goreve odaklanilabildigi sonucuna varilmistir. Literatlirde yasl bireylerin postiirel
gorevi bilissel gorevin 6nline koyduklari bilinmektedir; bu calismada ise geng bireyler
bilissel gbrevi postiirel gérevin éniine koyarak dncelik verdikleri gozlenmektedir. Ote
yandan, bir 6nceki ¢alismada iddia edildigi tzere bilissel gérevin postiir kontroli ile
cakistigr savinin aksine, Vuillerme and Vincent (2006)’'in ¢alismasi ise ayak baski
degisimlerinin bilissel gorevin varligi ile etkilenip etkilenmedigini arastirmaktadir.
Postiir kontrolliniin bilissel gérevin esligi tarafindan nasil etkilendigine dair bircok
calisma oldugu Gzere, Vuillerme ve Vincent literatlirde yapilan calismalarda sesli
olarak sorulara cevap verilmesi, manuel cevaplar verilmesi ve bakislarin sabitlenmesi

durumlarini, dengeye etki eden ve dolayisiyla calismalarin sagligini etkileyen
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durumlar olarak tanimlamislardir. Calismada 13 yetiskin yer almistir. iki ayak izerinde
sakin durus durumunun yaninda, bir adet zor ve bir adet kolay bilissel goérev
belirlenerek toplamda 3 durum vyaratilmistir. Katihmcilar ciplak ayakla ve notr
konumda kuvvet platformu Uzerinde sakin durus gorevlerini yapmislardir ve
sonucunda basin¢ merkezi degisimleri ol¢lilmUstir. Bilissel gbrevlerin de bu postiirel
goreve eklendigi durumlarda katilimcilara 52 saniye siiren bir ses kaydi dinletilmis ve
bu ses kaydinda aritmetik islemler dizisi sunulmustur. Her islem dizisinin basamaklari
rakamlarile bolme, carpma, cikarma ve toplama olmak lGizere dort islemdir. Kolay olan
bilissel gérevde 4 saniyede bir olmak lizere toplam 13 islemin sunulmasidir. Zor olan
bilissel gorevde ise her 2 saniyede bir olmak Uzere toplamda 26 adet islem
sunulmustur. Heri seri farkl islemlerden olusmaktadir. Bilissel gérev katilimcilarin
herbir islemi yaptigindan emin olmak amaciyla, very toplama siresi olan 32
saniyeden 10 saniye once baslamis ve 10 saniye sonra bitmistir. Respirasyondaki
degisimin basing merkezinde degisimlere yol a¢tigi bilindiginden, katilimcilara bu stire
zarfinda konusmamalari sdylenmis ve islemlerin sonucu surenin sonunda sesli olarak
talep edilmistir. Denemenin sonunda katilimcilarin dogru cevap verip vermedigi,
postirel kontrole 6ncelik verilip verilmedigi ve bilissel gérevin basariyla tamamlanip
tamamlanmadigini kontrol etmek amaciyla kaydedilmistir. Sonucglara goére AP
yonindeki basi¢ merkezi degisimleri, katilimcilar zor bilissel gorevi icra ederken
azalmistir. Bu calisma, literatlirde bilissel gorevin varliginin postir kontroliu ile
cakistigr iddialarinin aksine, bu ikili durumun postiir kontrollini iyilestirdigini iddia
etmektedir. Vuillerme ve Vincent'e gore c¢alismalarda kullanilan zorluk derecesi
onemli bir faktordir ve bilissel gorev yeterince zor degil ise postiir kontrolii tizerine
olan etkisi incelenemeyebilir. Calisma, yeterince zor bilissel gbrevlerin aslinda postiir

kontrolind iyilestirdigi sonucuna varmistir.

METOD

Hacettepe Universite’sinde lisans, yiiksek lisans ve doktora 6grenimine devam eden

20-30 yas arasi, profesyonel sporcu olmayan 20 kisi calismaya katilmistir.
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Protokol 1: Calismaya Dahil Edilme ve Bilissel Gorev Zorlugunun Bireysel Olarak

Belirlenmesi

Test Oncesinde aragtirmacilar tarafindan matematikte doért islemi iceren ve
sonucu en fazla iki haneli ve 50 sayisini gegmeyecek sekilde; bir islem (+,-,x,/) ve
bir tam sayilardan olusan Ui¢ adet islem seti hazirlanmistir. Test “0” rakamina sayi
eklenmesi ile baslar ve gelisiglizel sirayla sunulan islemlerin sirasiyla yapilmasi
istenir (Or. +2, x5). Teste alinan kisi butona bastikca yapmasi gereken bir sonraki
islem ve sayl kendisine bildirilmistir. Test slresince kisinin sadece islemleri
yapmasl ancak test sliresince higbir zaman ara sonuglari sesli olarak sdylememesi
istenmistir. 1 dakika sonunda test sona erer ve kisi tim islem dizisi sonunda
ulastigl sonucu sesli olarak dile getirir. Sonug dogru ise katilimcinin 1 dk icinde
tamamladigi islem sayisi kayit edilmistir. Kisiye 3 hak verilip, en az bir islem setini
dogru olarak tamamladigi deneme ardindan test sona erdirilmis ve kisi arastirma
grubuna dahil edilmistir. Basarisiz denemeler arasinda 2 dk dinlenme siiresi
verilmistir. 3 islem setini de basariyla tamamlayamayan kisiler arastirmaya dahil
edilmemistir. Teste alinan kisi test dncesinde bir sandalyede ayaklari yere basar,
sirti dik yere ve destekli sekilde dirsegi 90 derece acida yere paralel konumda
masa Uzerinde destekli sekilde, dominant eli pronasyon pozisyonunda isaret
parmag “buton” lizerinde ve basmaya hazir sekilde beklemektedir. Kisi butona
bastiginda yapilmasi gereken islem sesli olarak hoparl6r araciligiyla sunulmustur.
Kisinin 1 dk icinde butona basma sayisi bilissel islem maksimum siniri olarak kabul
edilir ve arastirmanin postlr kontroliiniin arastirildigi deneysel dizayni
kapsaminda bilissel uyaranin sunulmasi sirasinda islem sikliginin bireysel olarak

degisiklik gostermesinin anlamli olup olmadiginin belirlenmesinde kullaniimistir.

Protokol 2: Sakin Durus ve istemli Salinim Gorevleri Esnasinda Postiir

Kontroliiniin incelenmesi

Asagida aciklanan iki farkl postir kontrol denemesi 3 tekrar olarak uygulanmistir.

Her tekrar arasinda 2 dk pasif dinlenme verilmistir.
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e Sakin Durus: Ayakta notral pozisyonda, ayaklar birbirine paralel ve omuz
genisliginde acik, govde dik ve bas karsiya bakar pozisyonda mimkiin
oldugunca hareketsiz ve sakin sekilde kuvvet platformu Uzerinde
durulmasi istenmistir.

e istemli Salinim: Ayakta nétr pozisyonda, ayaklar birbirine paralel ve omuz
genigliginde agik, govde yere dik ve bas karsiya bakar pozisyonda duran
katihmci, anterior-posterior yonde topuklari ve ayak parmaklari yerden
kalkmayacak sekilde ve sadece ayak bilegi ekleminde frontal eksende 6ne
arkaya salinim hareketi gerceklestirmistir. 1 dk sureli alisma evresinde
salinim devri metronom ile isitsel olarak sunulmus ve tiim katiimcilar igin
One-arkaya bir yarim devir 1 sn icerisinde gerceklesecek sekilde sabit bir

ritme uyulmasi istenmistir.

Protokol 3: Bilissel Gérevin Postiir Kontrolii Uzerine Etkisinin incelenmesi

Sakin durus ve istemli salinim denemeleri sirasinda kendisine isitsel olarak
sunulan ve Protokol 1'de detaylari yer alan bir matematik islemi dizisini sesli bir
reaksiyon vermeden yapmis ve islem sonucunu deney sona erdiginde
arastirmacilarailetilmistir. Sonucun dogru olmasi durumunda s6z konusu deneme
arastirma verisi olarak kayit edilmistir. Her katiimci en fazla 5 tekrar yapmustir. 3
basarili deneme gergeklestiginde 6lciim sona erdirilmistir. Her katihmcinin kendi
bilissel kapasitesinin %60’ina denk gelen siklikta islem igin Protokol 3
gerceklestirilmistir. Buna gore, bilissel kapasitenin 6lctldigi Protokol 1’de her
katihmci icin maksimum islem sayisi referans deger olarak kullanilarak, zor olan
bilissel gorev durumunda kisinin bilissel kapasite testinde 1 dk tamamladigi islem
basamagi sayisinin %80'i kadar islem basamagi 1 dk sireli postir kontrol
gorevlerine ek olarak sunulmustur (6rn: kisi 1 dakika icinde 30 adet islem yaptiysa,
postir kontrolii sirasinda es zamanli olarak 1 dk icinde 2.5 sn ara ile 24 adet islem
basamagini yapmasi istenmistir). Ote yandan, bilissel kapasitenin &lcildugi
Protokol 1’de her katilimci icin maksimum islem sayisi referans deger olarak

kullanilarak, zor olan bilissel gérev durumunda kisinin bilissel kapasite testinde 1
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dk tamamladigi islem basamagi sayisinin %50’si kadar islem basamagi 1 dk sireli
postir kontrol gorevlerine ek olarak sunulmustur (6rn: kisi bir dakika icinde 30
adet islem yaptiysa postir kontrolii sirasinda es zamanli olarak 1 dk icinde 4 sn
ara ile 15 adet islem basamagini yapmasi istenmistir). Bireylerin COP degisimi ile,
bilissel kapasite testi verileri birlikte yorumlanarak, postiral kontrol gorevinin
yaninda sunulan bilissel gorevin zorlugunun anlamli etkisinin olup olmadigi

incelenmigstir.

Verilerin Toplanmasi ve Analizi

Laboratuvarda ayakta gerceklestirilen sakin durus ve istemli salinim hareketleri
kuvvet platformu (AMTI, ABD) lzerinde gerceklestirilmistir. Bu sayede, postir
kontroli sirasinda yer tepki kuvvetlerinde meydana gelen degisimler ve basing
merkezi (COP) degisimleri incelenmistir. Salinim hareketleri sirasinda salinim
frekansinin sabitlenmesinde metronom kullaniimistir. Salinim hareketinin
istenilen aralikta olmasi igin hareketin 6grenilmesi asamasinda kisinin goz
hizasinda 1 m uzakliktaki monitor aracihgi ile basing merkezi degisimine iliskin
gorsel geri bildirim verilmistir. Kinetik verilerin analizinde Hacettepe Unversitesi
lisansl MATLAB R2016b (Mathworks) yazilimi kullanilmistir. Yumusatma, linear
envelope, integral, rms hesaplama gibi matematiksel islemler ve sinyal isleme
tekniklerinden faydalanilarak veriler zaman ve blyiuklik ekseninde incelenerek ve
sinyal blyukligli ve referans zaman noktalari belirlenmistir. Yer tepki
kuvvetlerine ait sinyaller kullanilarak anterio-posterior ve medio-lateral yonde
basing merkezi (COP) degisimleri analiz edilmistir. istatistiksel analizler
kapsaminda, statik ve dinamik iki farkh salinim hareketi sirasinda bilissel gérevin
postir kotroll Uzerine etkisi parametrik olmayan Friedman Test ile yapiimistir.
istatistiksel analizlerde Hacettepe Universitesi lisansli SPSS paket programi

kullanilmistir.
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ANA BULGULAR

Friedman test sonuglarina gore basing merkezi degisimlerinde hiz, AP yoniinde
salinim araligl ve AP yoniindeki salinimda rms degerleri anlamli sekilde azalma
gostermistir. Sakin durus basing merkezi degisimlerinde anlamli fark
bulunamamistir. Asagidaki Tablo 1’de istemli salinim icin betimsel istatistik, sira
ortalamasi ve Friedman Test sonuglari sunulmustur.

Tablo 1. istemli Salinim (IS) ve Sakin Durus (SD) icin Basing Merkezi Dedisimleri
Parametreleri Standart Sapma ve Ortalamalari

Basing Merkezi 0BG %50 BG %80 BG Standard
Parametreleri (BG Yok) (Orta BG) (Yiiksek BG) Sapma (t)
COPveL* 23,63 21,85 20,54 1,26
COPrange AP* 79,96 73,58 68,93 4,52
. COPrange ML 25,66 25,17 24,70 0,39
® COPagrea 1079,61 995,59 942,50 56,44
RMSap* 12,29 11,24 10,58 0,70
RMSmL 4,48 4,52 4,54 0,02
COPvEL 7,43 7,30 7,11 0,13
COPrange AP 16,38 15,50 14,84 0,63
COPrange ML 8,09 7,97 7,98 0,05
>P COPaRrea 98,30 91,43 86,86 4,70
RMSap 29,28 30,23 29,33 0,43
RMSmL 15,93 14,70 12,44 1,44

TARTISMA ve ONERILER

Bu ikili gorev calismasi, postiirel gérev ve bilissel gorevin (iki farkh zorluk derecesi ile)
ayni anda icra edildigi durumlarda birbirleriyle “cakisma” olusturup olusturmadigini
gozlemek amaciyla tasarlanmistir. Postiir kontroliniin bililssel goérev (BG)
yoklugunda, orta diizey ve yiiksek diizey zorluklarinda nasil etkilendigi gozlenmistir.
Literatlrde bu alanda bulunan farkh ¢alismalarin ve bulunan benzer sonuglarin farkl

sekilde yorumlanmasi sebebiyle boyle bir calisma yapilmasi ihtiyaci duyulmustur.
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Basing merkezi degisimi parametlerinin, BG varligi ile azalmasi kimi arastirmacilar
tarafindan postiir kontroliinde iyilesme, kimileri tarafindan bir “cakisma” olarak
yorumlanmistir. Bu farkli yorumlarin bir sebebinin de BG zorlugunun kisilere 6zgii
olarak tasarlanmamasi sebebiyle zorluk faktoriinden yeterince faydalaniimadigi
disincesidir. Bu sebeple ¢alismada herbir bireyin kendi yapabildigi islem sikhigi baz
alinarak bir tasarim yapilmistir. Ote yandan, BG zorlugu ve sakin durus birlestiginde
anlamli bir fark bulunamamistir. Bu da o6nceden bahsedilen Allport’'un dikkat
literatlirine katki sagladigi Uzere, iki farkh gorevin tek bir birim gorev olarak
algilanarak bu iki goérevin birlesiminin yeterince zorluk olusturarak her iki gorevi de
etkilemekten yoksun kalmasi olarak yorumlanabilir. Verilere bakildiginda istemli
salinim ve BG’in ayni anda icra edildigi durumlarda, BG arttikca basing merkezi
degisiklikleri zorluk arttikga azalmistir. Bu azalma duslintldigiinin aksine bir iyilesme

degil de hareket agisinda bir daralma olarak yorumlanmaktadir.

Sakin durus, tipki calismanin basinda yapilan oturarak bilissel islem sayisinin
belirlenmesi streci gibi, katilimcilari bilissel ve motor gérevler agisindan zorlayan bir
stre¢ olmamistir. Diger acidan, istemli salinimin belirli bir ritmde (30 BPM) yapilmasi
gerekliligi ve otomatik olarak sunulan orta ve yiksek diizey zorlukta BG’lerin etkisiyle
basing merkezi degisiklikleri gbzlenmis ve parametlerin azaldigi gérilmustir. Dikkat
sistemi, tutarli, amach bir hareket plani arzular. Allport’un belirttigi Gzere (Allport,
1989) amag odakli hareketlerin icrasi, verilen gorevlerin motivasyonel, bilissel, motor
ve sensOri dizeylerlerde koordinasyonunu gerektirir. Calismadaki katilimcilar, bu
sebeple, bilissel gorevi Oncelik haline getirmis olabilirler. Dikkatin secici dogasi
sebebiyle motor goérev geng eriskin katilmcilarda, tipki yasli bireylerin postir
kontrolini 6ne koymasi gibi, bilissel gérevin gerisinde kalmis olabilir. Woollacott ve
Cook’un (Woollacott-Cook, 2002) 6ne slirdigl gibi motor gorevin tamamlanmasi
ikinci gorevin karmasikligina baghidir. Calismamizda gozlendigi Uzere ikinci gorev
karmasiklastikca motor gorev bundan etkilenmis ve bir “cakisma” meydana gelmistir.
Yine Allport’'un iddia ettigi Gzere tiim gorevlerin basariyla tamamlanmasi icin bir

modifikasyon gerekebilir ve ¢alismamizda bu modifikasyon postiirel gorevde
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yapilmistir. Bu modifikasyon zaman boyutunda gerceklesemeyecegi icin (belli bir
ritimle, 30 BPM ile salinma gorevi sebebi ile) hareket araligi parametresinde
gerceklesmistir. Bu modifikasyon akla “hiz-kesinlik degis tokusunu” akla
getirmektedir. Bilissel gorevin varligi ve gittikce zorlasmasi, katiimcilari bir degis
tokusa zorlamis ve uzay zaman boylamlarindaki elementlerden birisi modifiye

edilmistir.

Bu ¢alisma, kas aktivitesini 6lgmedigi icin bazi spekiilasyonlarda bulunulabilir ancak
salinim ve sakin durusta denge kaybi olmadigindan ve basing merkezi ayak bilegi
ekleminden kontrol edildiginden, ayak bilegi ekleminde bulunan kaslarin (6rn: Tibialis
Anterior ve Gastroknemius) aktivitesi olgllerek bir kokontraksiyon olusup olusmadigi
gozlenerek bu hareket agisindaki daralmanin sebepleri arastirilabilir. Ayrica, farkh
bilissel gorevler kullanilarak ¢alisma hafizasinin postir kontroliine etkisi gdzlenebilir.
Bir aritmetik islem yerine Brook’s test gibi gorsel hafiza kanallarini kullanan goérevler
tercih edilebilir. Benzer sekilde farkl cevresel dizaynlar tasarlanarak diger sensori

sistemlerin biligsel gorev ile etkilesimi ¢aligilabilir.
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