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ABSTRACT

THE COMBINED EFFECT OF LIGHT TOUCH AND COGNITIVE TASK DIFFICULTY ON
POSTURAL CONTROL

CELIK, Tugba
M.S., Physical Education and Sports Department
Supervisor: Assoc. Prof. Sadettin KIRAZCI
Co-Supervisor: Assoc. Prof. Pinar ARPINAR AVSAR

October 2021, 125 pages

Studies investigating combined effects of light touch and cognitive task are limited
and available results are inconsistent regarding effects of cognitive task on postural
control. Therefore, this study investigated the combined effects of light touch and
cognitive task difficulty on postural control. Participants performed cognitive task
and light touch individually and simultaneously. Results indicated that both light
touch and cognitive task improved postural sway individually. The cognitive task
difficulty moderately improved postural control. The simultaneous performance of
cognitive task and light touch improved postural control and this improvement was

more effective than individual performances of cognitive task and light touch.

Keywords: Postural Control, Light Touch, Cognitive Task, Dual-Task Paradigm,

Cognitive Task Difficulty
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HAFIF DOKUNMA BILISSEL GOREV ZORLUGUNUN POSTUR KONTROLU UZERINE
KOMBINE ETKISi

CELIK, Tugba
Yiiksek Lisans, Beden Egitimi ve Spor Bolim{i
Tez Yoneticisi: Doc. Dr. Sadettin KIRAZCI
Ortak Tez Yoneticisi: Dog. Dr. Pinar ARPINAR AVSAR

Ekim 2021, 125 sayfa

Hafif dokunus ve bilissel gorevin kombine etkisini arastiran ¢alismalar sinirlidir ve
bilissel gorevin postiir kontrolii lizerine etkilerine iliskin celiskili sonuglar mevcuttur.
Bu calisma, hafif dokunus ve bilissel gérev zorlugunun postiir kontroli izerindeki
etkilerini arastirmayi amaclamistir. Katihmcilar bilissel gérev ve hafif dokunusu tek
basina ve es zamanl olarak gerceklestirmistir. Sonuclar hem hafif dokunusun hem
de bilissel gérevin tek basina postir kontrollint artirdigini géstermistir. Bilissel gorev
zorlugu, postir kontrolinii orta derecede artirirken, bilissel gorev ve hafif
dokunusun eszamanli performansi, postir kontroliini gelistirmistir. Bu gelisme ise

hafif dokunus ve bilissel gérevin tekil performanslarindan daha fazla bulunmustur.

Anahtar Kelimeler: Postiir Kontrolii, Hafif Dokunma, Bilissel Gérev, ikili Gérev

Paradigmasi, Bilissel Gorev Zorlugu.
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CHAPTER |

INTRODUCTION

This introduction chapter will provide an overview about the issues of attention and
dual-task paradigm, postural control mechanism, and light finger touch. All these

issues will be discussed furthermore in Literature Review Chapter.

1.1. An Entrance

Understanding human movement has been an interest of human beings dating back
to ancient times. People tried to analyze and make plausible explanations to the
movements that are executed in every single minute of our lives from sitting to
walking, quadrupling to running, and standing to climbing stairs. Every diverse
movement is executed with a certain postural position. Regardless of the
movement's type, aim, or level of difficulty, without posture, movement is not

possible.

A certain level of postural control is required for the maintenance of our lives,
especially for daily tasks. There are several kinds of postural actions that we perform
during the day either consciously or unconsciously. From childhood to the elderly,
we need postural control to move no matter how well it is. An individual with a
disorder which may result in a significant loss in strength or an elite athlete who
runs a marathon requires postural control at different levels of modifications. Even
reaching to a glass of water from the standing position needs to be supported by

sufficient postural control of the neck and the trunk.



Human postural control has been a subject of research since ancient Greece
(lvanenko & Gurfinkel, 2018) and it is defined as the ability to maintain equilibrium
and orientation in a gravitational environment (Horak & Macpherson, 1996).
According to Horak & Macpherson (1996), postural control has two behavioral aims:
postural orientation and postural equilibrium. Postural orientation can be defined
as the positioning of the body segments with respect to each other and the
environment; while postural equilibrium is a condition in which all the internal and
external forces acting on the body are in balance to maintain the desired position.
Human bipedal standing posture is not stable, even in a quiet stance position, the
postural control system remains active to accomplish the erect posture. This
complex sensorimotor task requires the functioning of various neurological
structures that involve the spinal cord, the brain stem, the cerebellum, and the
cortex (Rougier & Bonnet, 2016). During human upright stance, achieving an
equilibrium state does not only depend on the commands from the CNS, but also
the integration of visual, somatosensory, and vestibular inputs and these systems’
adaptation in response to environmental changes (Shumway-Cook & Woollacott,

2000).

Postural control is not an isolated task that humans should execute during their daily
lives. There are many other tasks either motor or cognitive that need to be
performed for normal living: talking on the phone while walking, trying to figure out
a problem while standing, or grasping a glass of water while walking. Most of our
daily tasks involve the combination of a cognitive task and a postural task having
varying level of difficulty such as maintaining body position in a stationary or
dynamic environment. As a form of multitasking, dual-tasking is the performance of
more than one task simultaneously (Lee & Taatgen, 2002) and is commonly used
during our daily lives (Wickens, 2008; Lee & Taatgen, 2002). It has been well known
that the attentional capacity of a human is limited to perform two or more tasks
concurrently (Abernethy, 1988). This limitation brings about following questions:

Does human postural control require a specific attention to be allocated or is it



controlled only by automatic processes without certain attention?

Although postural control is thought to be maintained through automatic processes
that require minimal information processing, a body of research demonstrates that
postural control requires considerable information processing (Woollacott &
Shumway-Cook, 2002). When attention is divided between tasks in a way that
exceeds the total capacity, increased errors or delayed responses occur in one or
more tasks (Singer, Hausenblas, & Janelle, 2001). In this case, the dual-task

paradigm arises.

The dual-task paradigm is a methodology to assess performance in the existence of
the simultaneous performance of two tasks (a primary task and a secondary task).
As attention must be divided into multiple channels (Abernethy, 1988), dual-task
performance is linked to deteriorations in time sharing-ability (Wickens, 2008).
Performing a dual task with cognitive and motor demands leads to varying
interferences between simultaneously executing tasks, from no response to a
response that results in facilitation or deterioration of one or both task

performances (Leone et al., 2017; Laessoe & Voigt, 2018).

Many researchers claim that dual-task leads to a decreased postural control because
of the limited attentional capacity (Donker,2007; Polskaia & Lajoie,2016; Murillo et
al.,2012), while some others indicate that dual-task interference improves postural
control since it facilitates the automatization of postural control (Bergamin et al.,
2014; Pellecchia, 2003; Swan, Otani, & Loubert, 2007; Stevens, Barbour, Meredith,
& Timothy, 2016). While maintaining postural stability as a primary task, directing
attention to a concurrently performed secondary task which requires a cognitive
function, promotes the automatic postural control processes (Lajoie, Jehu, Richer,

& Chan, 2017).

Another factor that affects postural control is “light touch” which is a mechanical



stimulus that somatosensory system processes with the conscious perception of
touch and pressure. Usually, a very small part of the body (e.g., index finger) is in
contact with a stationary surface (Lackner & Dizio, 2000) It is widely accepted
phenomenon that a light voluntary touch with a fingertip on a fixed surface
improves postural stability. Through light contact, somatosensory information
results in enhanced postural control and decreased body sway (Jeka, 2006). Light
touch has been shown to cause a tactile sensory input but not to provide mechanical
support (Kouzaki and Masani, 2008). Many studies demonstrated that light touch is
an important reference for improved control of human upright stance (Baldan,

2014; Lee, 2018; Chen, Chen, Tu, & Tsai, 2015).

The positive effects of light touch on human postural control have been observed in
various populations. For instance, the relationships between light touch and
postural control were investigated in people with multiple sclerosis (Kanekar, Lee,
& Aruin, 2012), down syndrome (Gomes & Barela, 2007), autism (Chen & Tsai, 2015),
developmental coordination disorder (Chen & Tsai, 2016) and in people diagnosed
with peripheral neuropathy (Dickstein, Shupert, & Horak, 2001). All the
aforementioned studies reported the positive effect of light touch on postural

control.

Studies investigating the combined effect of the light touch and the cognitive task
on postural control provide useful findings to have the following interpretations.
Cognitive task and the light touch compete for the same limited capacity processor
(Soto-Faraco et al. (2002). Based on this idea, unless the overall demands of these
three tasks (postural task, cognitive task, and light touch) don’t exceed the available
processing capacities, simultaneous performance of the light touch and the
cognitive task may lead to an enhancement in postural control (Chen, Chen, Tu, &
Tsai, 2015). Chen et. al. (2015) also demonstrated that light touch significantly
reduced the postural sway and improved cognitive task performance in comparison

with the condition without light touch. Similar results were found in another study.



The simultaneous performance of light touch and cognitive task (visual search
accuracy task) improved postural stability. Furthermore, either cognitive task or

light touch task individually reduced postural sway (Dos Santos et al., 2019).

1.2. Postural Control Mechanism

The human standing posture is an essential topic of motor control since it deals with
the complex mechanism involved in the maintenance of the static posture as well
as stability during locomotor movements (Gurfinkel V., Ivanenko, Levik, &
Nabakova, 1995). Proper postural control is an important perquisite when an
individual requires to perform various static and dynamic activities including sitting,
standing, kneeling, quadruped, crawling, walking, and running. In response to
changes in position and environment, responsible muscles contract to execute the
intended movements while posture is maintained by making required postural

adjustments (Massion, 1994).

It’s a complex developmental task for humans to maintain the erect posture when
the relatively small support surface and the high position of the center of gravity are
considered. The presence of the perturbations (sudden exposure to changing
conditions that leads to a displacement of the body away from its equilibrium)
makes postural control even more challenging. These perturbations may arise from
both internal (e.g., visual, vestibular, and somatosensory) or external (e.g., a push
to a body segment) sources (Horak, Henry, & Shumway-Cook, 1997). Postural
control system consists of two parameters including the tonic muscle activity to
maintain “posture”, and the compensations of internal and external perturbations
to achieve the state of “equilibrium” (lvanenko & Gurfinkel, 2018). Firstly, it resists
gravity and enables the postural balance to be maintained. Secondly, it fixes the
orientation and position of body segments (Massion, 1994). The environment
surrounding us is not stationary and predictable, meaning that conditions might

change, and unexpected perturbations might occur (Dietz, Trippel, & Horstmann,



1991). The postural control mechanism enables humans to adapt to these
environmental changes by maintaining equilibrium state. These two parameters
(posture and equilibrium) are related to each other, however, from different
perspectives they have distinctive features. Postural control is explained by the
presence of the inverted pendulum and the center of pressure (COP) oscillations. In
this mechanism, which is called as simplified inverted pendulum model, the center
of the body mass (COM) is the single controlled variable (Winter, Patla, Ishac, &
Gage, 2003). During quiet stance, COP oscillates on both sides of COM to keep it
stable between the two feet. COM is located approximately 1 m above the ankles
and corresponds the length of the inverted pendulum. The presence of the
oscillations and the relatively small base of support make posture inherently
unstable. However, this biomechanical feature is not enough to explain observed
postural behavior. For instance, a similar oscillation pattern was observed in horses
as well despite standing on four feet and the lower COM location (Clayton &
Nauwelaerts, 2014) meaning that the COM location is not the only variable affecting
the stability of posture. Postural tone provides antigravity support by the tonic
activation of the muscles. This support is provided by the contribution of both
passive bone-on-bone forces in joints, stretched ligaments, and muscles and active
connection of lower limb, trunk, and neck extensors (lvanenko & Gurfinkel, 2018).
This mechanical act is executed by the continuous feedback from the sensory
system that organizes the information collected by visual, vestibular, and
somatosensory receptors (Peterka, 2002; Maurer, Mergner, & Peterka, 2005;
Mergner, Maurer, & Peterka, 2003). The facility of the CNS builds the link between
the mechanical properties of the postural control system and the somatosensory
system (Maki & Mcllroy, 2007; Hwang, Agada, Kiemel, & Jeka, 2016). According to
the changing environmental conditions and constraints, the information from the
somatosensory system from multiple sources including visual, vestibular, and
proprioceptive systems are transmitted to the CNS and are interpreted, so that the
neuromuscular system initiates the process and mechanical components of the

body can execute the required movement.



On the other hand, concurrent performance of a motor and a cognitive task,
frequently referred to as “the dual task paradigm”, states that the introduction of a
second task during a cognitive or motor performance results in different types of
interferences in either task. These could be either the facilitation or interference or
the combination of both as well as no changes in motor and cognitive tasks (Leone
etal., 2017). Indeed, the literature doesn’t provide consistent findings regarding the
effects of dual task on the motor and cognitive task performance (Laessoe & Voigt,
2018). In line with the limited attentional capacity model of the human information-
processing system (Norris & Colman, 1993), some researchers show that the dual-
task results in a decreased postural control performance. On the other hand, some
others indicate that the dual-task interference enhances postural control by
facilitating the automatization of the postural control mechanism. Additionally, it is
crucial to determine the attentional demands of the cognitive task since directing
attention more to a cognitive task might affect the postural stability (Polskaia &
Lajoie, 2016). For instance, a study has shown that with the increasing cognitive task
demands, a deterioration occurred in postural control (Estevan, Gandia, Villarrasa-

Sapina, Luis Bermejo, & Garcia-Masso, 2018).

1.3. Problem Statement

The positive effect of light touch on postural control is investigated in diverse
populations (Chen, Chen, Tu, & Tsai, 2015). Light touch is defined as the touch of
the index finger on a stable and firm surface with a force less than 1N so that it
provides additional sensory information (Baldan A., Alouche, Aroujo, & Freitas,
2014). The consequences of performing three tasks simultaneously — 1) Postural
Task, 2) Cognitive Task, 3) Light Touch, are not well known since the effect of

cognitive task on postural control is not well documented.

Lee et al., (2018) conducted a study with healthy adults and investigated the effect

of the light touch and concurrent cognitive task on postural control. The results



showed that the body sway during quiet stance wasn’t not significantly affected by
the simultaneous performance of this dual task. It's suggested that the positive
effect of light touch on body sway could be diminished due to the negative effect of

cognitive task on body sway.

Given the findings of the literature, this study aims to investigate the combined
effects of the light touch and the cognitive task on the postural control by modifying
the level of the cognitive task difficulty. It is the argument that directing attention
to the cognitive tasks at two different levels of difficulty may affect postural control
differently and thus, would also have different effects on postural control when

performed in combination with the light touch.

1.4. Research Questions

This study was designed to investigate the effects of the cognitive task difficulty on

postural control with or without concurrent light touch.

Accordingly, the research questions are:

1) Does increased level of cognitive task difficulty have a positive effect on

postural control?

2) Does light touch have a positive effect on postural control?

3) Is there an interaction between cognitive task difficulty and light touch on

postural control?

1.5. Hypotheses

1. Increased level of cognitive task difficulty would have a positive effect on

postural control.



2. Light touch would have a positive effect on postural control.

3. There would be an interaction between cognitive task difficulty and light touch

on postural control.

1.6. Significance of the Study

The study contributes to the existing literature by re-testing the dual-task paradigm,
to examine the effects of a cognitive task with two difficulty levels on a postural
task. Assuring standardized cognitive task levels for each participant is believed to
strengthen experimental design. The cognitive task levels are chosen to make a
difference in the degree of directed attention between trials. Thus, while directing
attention to the cognitive task, personal differences, abilities, and past experiences
aimed to be eliminated as much as possible. Besides, this study is the first to our
knowledge, which aims to reveal the light touch effect on postural task, in

combination with a secondary cognitive task having different difficulty levels.

1.7. Limitations

This study has potential limitations. Such as:

® The sample size was kept limited due to the inconveniences caused by Covid-19

pandemic.

e A wide range of age limit (between 18-40 years) was set.

1.8. Operational Definitions

Center of Pressure (CoP, COP): The center of pressure is the point at which the
ground reaction force vector is applied. During posture or gait, CoOP measurements

usually gathered using force plate (Benda, Riley, & Krebs, 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, Riley, & Krebs, 1994).

Postural Control: Postural control is the way of producing adequate motor output to
maintain a controlled, upright posture through the several systems working in
cooperation. The CNS regulates sensory information including the visual, vestibular,
and somatosensory systems and thus, the postural control is maintained (Ilvanenko

& Gurfinkel, 2018; Alcock, O’'Brien, & Vanicek, 2018).

Cognitive Task: Cognitive task is an undertaking that requires an individual to
process new information (Sweller, 1988). In this study, the use of attentional
resources was aimed by introducing cognitive task to the participants, to understand
the possible interference between the motor and cognitive task. A visual-verbal

Stroop test was chosen as the cognitive task.

Light Touch: Light touch is defined as slightly touching to a stable and firm surface
with the index finger with a force no more than 1N (Holden, Ventura, & Lackner,
1994). According to Lackner J. (1988), any part of the body which is in contact with

a stationary external surface has an influence on the perception of body orientation.
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CHAPTERIII

LITERATURE REVIEW

2.1. Postural Control

Postural control is a term that describes how our Central Nervous System (CNS)
regulates sensory information from other sources to execute a motor output for the
maintenance of a controlled, upright posture. The somatosensory, visual, and
vestibular systems are the main three contributors to establish postural control and
balance (Ilvanenko & Gurfinkel, 2018; Alcock, O'Brien, & Vanicek, 2018). Postural
control is adjusted adaptively as a response of static and dynamic conditions and
perceived postural configuration. If any problem occurs in one of the three
aforementioned components of postural control, the other two might be used a
compensation mechanism to a certain extent. However, if more than one system is
affected or in the case of motor impairment, postural control will be disrupted to a

greater extent (Horak F., 2006).

Postural orientation and equilibrium are two main outcomes of postural control
(Gandolfi et al., 2018). Postural orientation is the body’s alignment and adequate
muscle tone regarding gravity, support surface, visual environment, and internal
references. Equilibrium refers to the stabilization of the body’s Center of Mass
(COM) (Horak F., 2006). The environment surrounding us is not stationary and

predictable, meaning that both internal and external conditions might change and
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unexpected perturbations to upright posture might occur (Dietz, Trippel, &

Horstmann, 1991).

The development of postural control in human takes many years as it is a complex
and distributed task (Schmitz, Martin, & Assaiante, 2002). Adaptation to body
weight becomes the main task of the sensorimotor system after birth (Van der Fits,
1998). This adaptation requires an antigravity vector to resist gravitational forces.
Postural organization is formed beginning from the head to lower body segments
(Massion J., 1998). During the initial half-year of life, ability to adapt to changes in
environmental conditions is limited. From 6 months of age, proficiency in adapting
to those changes increases (Hadders-Algra, 2005). Development of head control as
the first sign of maintaining an erect posture is accomplished by the end of the first
year (Assaiante & Amblard, 1995). Anticipatory postural adjustments which are
defined as the ability to the integration of feedforward control into postural
management emerge at around 13-14 months of age (Hadders-Algra, 2005). The last
acquisition in the developmental process, postural control, is accomplished by the
distribution of the body segments mass with respect to the supporting surface area

(Massion J., 1998).

The ability of postural control maintenance differs by aging (Tinetti, Speechley, &
Ginter, 1988). The changes in the neural, sensory, and musculoskeletal systems with
aging might result in impairments in balance that could have a considerable impact
on mobility and daily task routines. Deterioration in postural control system which
results in reduced stability is associated with the increased risk of falls in elderly
(Alexander, 1994). As abovementioned, postural control aims to maintain the
correct relationship between the COM and the base of support. The control of the
base of support is provided by the compensatory leg and/or arm movements.
Studies demonstrated that there is a deterioration in the control of compensatory
stepping movements in elderly. This impairment is associated with an increased risk

of fall (Brian, Maki, William, & Mcllroy, 1996). Furthermore, elderly people tend to
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rely on visual inputs due to the age-related losses in proprioceptive and vestibular
losses. Also, decreased muscle strength, power, and joint mobility contribute to

poor postural control in elderly (Kanekar & Aruin, 2014).

Postural stability, or balance, is measured by several ways including both qualitative
and quantitative methods (Panjan & Sarabon, 2010). These methods include Clinical
and Simple Field Tests, Laboratory Tests of Static Balance, and Laboratory Tests of
Dynamic Balance. Clinical and Simple Field Tests (e.g., Flamingo Test, Romberg and
Sharpened Romberg Test, Tinetti Balance Test, Berg Balance Test) require none-or
little equipment. Subjects are given number of tasks which are based on
standardized test protocols. Their reliability is low since they are based on the
observational criteria of the examiner (Pérennou et al., 2005). Laboratory tests of
static balance measures static balance (the ability to maintain specific posture). It is
measured with devices which detect the movements of the body, its center of
gravity (COG), and center of pressure (COP). The dynamic balance (the ability to
maintain balance while moving) is assessed by laboratory tests (e.g., The Star
Excursion Balance Test, The Bruininks-Oseretsky Test of Motor Proficiency,
Functional Reach Test, The Jump-landing test, and Computerized Dynamic

Photography) (Panjan & Sarabon, 2010).

2.1.1. Postural Control Mechanisms

An extensive comprehension of postural control systems is very crucial for
understanding postural control mechanisms. Regarding the literature findings, this
chapter will discuss the components of the postural control mechanisms: 1)

biomechanical and musculoskeletal properties, 2) sensory system, 3) CNS.
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2.1.1.1. Biomechanical and Musculoskeletal Properties of Postural Control

There are three main tasks of postural control as a behavior: 1) alignment of body
segments, 2) postural equilibrium, 3) postural orientation. Firstly, the alignment of
body posture is maintained and reacted to the gravitational forces regarding the
appropriate vertical relationship between body segments. The vertical stance is
maintained primarily with the existence of the postural tone. By the achievement of
this alignment, the position of the body's COM must be maintained within the base
of support. This consists of the second part of the postural task; postural equilibrium
(Bronstein, Brandt, Woollacott, & Nutt, 1996). Postural equilibrium is defined as a
condition in which all the internal and external forces acting on the body are in
balance to maintain the desired position (Horak & MacPherson, 1996). Lastly, the
postural task involves maintaining bodily orientation in relation to the environment.
Once these tasks are accomplished, posture provides mechanical support for actions
by organizing the interaction between the different segments and adjusting the joint

stiffness during the movement (Bronstein, Brandt, Woollacott, & Nutt, 1996).

According to Winter et al. (2003), human erect posture is explained by the idea of
the existence of an inverted pendulum model and center of pressure (COP)
oscillations. This single segment inverted pendulum at which the center of body
mass is regulated mainly by muscles around the ankle joint based on sensory
feedback while others base on passive muscle properties (Saffer, Kiemel, & Jeka,
2008). In a quiet stance, the human body is not free from the forces. These external
forces acting on the body results in the body reacting with an equal and opposite
force. The point at which this force is exerted is COM of the body, also called the
center of gravity. It can be summarized as the point at which the body generates a
force that passes through the COM against gravitational force. The position of COM
may alter according to the configuration of the body segments. While the body is in
movement such as locomotion; the projection of COM is not always within the base

of support. COP refers to the origin of the ground reaction force and reflects the
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acceleration of the body. The COM and the COP are not equivalent in the horizontal
plane, while COP is related to force, COM is a position (Horak & Macpherson, 1996).
In the inverted pendulum model, the whole body can be moved around the ankle
joint to adjust the COP position that is located at the level of the pelvis. However,
these oscillations are very slow (frequency around 0.2 Hz) due to the high inertia of
the body. Quick corrections are required when there are fast perturbations. Body
segments such as the trunk around the hip, thigh around the knee that have lower
inertia moves for sudden corrections (Horak & MacPherson, 1996). When the
postural stance is disturbed, two strategies are selected to restore the balance: hip
strategy (torques and movement at the hip joint), ankle strategy (torques and
movement at the ankle joint). The reaction for restoring the balance depends on the

level and the intensity of constraints (Horak, Diener, & Nashner, 1989).

The postural tone is the first parameter that consists of antigravity posture
(Sherrington, 1947). The postural tone which is often associated with antigravity
support is explained as the presence of the tonic activation of muscles providing a
specific postural attitude and exerting force against the ground to keep the limbs
extended. Antigravity support is provided by both passive bone-on-bone forces in
joints, stretched ligaments, and joints and by the active contraction in lower limb,
trunk, and neck extensors (lvanenko & Gurfinkel, 2018; Bronstein, Brandt,
Woollacott, & Nutt, 1996). The main muscles are erector spinae, abdominal muscles
in the trunk, iliopsoas, gluteus medius, biceps femoris, gastrocnemius, tensor fascia
latae, tibialis anterior, and soleus muscle in the lower limb (Kendall & McCreary,

1984).

Even though, activity of postural muscles is rather smaller than that of other skeletal
muscles during locomotor movements, it is important to emphasize that postural
activity is not a passive mode of response. The specific and slight activities of the
neck, trunk, and limb muscles play a crucial role in determining the resting tension,

axial tone, and individual postural attitudes (Gurfinkel et al., 2006; Caneiro et al.,
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2010). Skeletal muscles enable the body to execute a wide range of activities
including rapid production of forces and long-lasting maintenance of body segment
orientation relative to gravity. Furthermore, functionally skeletal muscles are
composed of different types of muscle fibers to execute task-specific time-activation

profile (Knight, 2016).

Maintenance of the long-term postural activity is related to the low energy
expenditure. This is because of the preferentially activation of slow-twitch muscle
fibers during long-lasting muscle activities as they are highly fatigue resistant
(lvanenko & Gurfinkel, 2018). The constant activity of axial muscles enriched with
fatigue-resistance biochemical properties helps to maintain postural stability for
long. Thus, distal movements of the body parts can be compensated (Gurfinkel,

Ivanenko, & Levik, 1994).

2.1.1.2. Sensory System and Postural Control

Understanding the physiological mechanisms underlying the postural control has
begun to be investigated with systematic experimental studies a century ago by
Sherrington (1906, 1915) and were further developed by Magnus (1912, 1924) and
Rademaker (1931). The sensory system is a component that plays a significant role
in postural control by sending information to the CNS with the integration of sensory
systems including visual, vestibular, somatosensory, and proprioceptive systems

(Massion, 1994).

During human upright stance achieving an equilibrium state doesn't only depend on
the commands from the CNS, but also the integration of information from the
somatosensory, visual, and vestibular inputs (Horak, 1996; Collins, 1993). According
to the task and the environmental context requirements, the contribution of the

visual, vestibular, and somatosensory systems may vary.
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The visual system plays a role in the identification of the body position and
orientation in relation to the environmental cues (Watson & Black, 2008).
Mohapatra et al. (2011) claim that the visual information constitutes one-third of
the orientational information. It is also known that the absence or lack of visual

information leads to a deterioration in postural control (Watson & Black, 2008).

the vestibular system is an important part of the sensory system, and it provides
information including motion, equilibrium, and spatial orientation and thus helps
the maintenance of postural balance. There are two main apparatus located in each
ear: otolith organs (the utricle and saccule) and semicircular canals (lateral, anterior,
and posterior). The vertical orientation of the body and linear positioning are
perceived by otolith organs whereas the rotational movements are perceived by
semicircular canals by the movement of fluid inside of the inner ear (Watson &
Black, 2008). With the changes in the movement of the head such as rotation and
acceleration, the vestibular system is stimulated (Lackner & Dizio, 2000). In the
absence of somatosensory or visual information, the vestibular system provides the
information of self-motion (Mergner, Maurer, & Peterka, 2003). In brief, the
vestibular system transmits the information about forces of gravity and inertia to
the motor system. Thus, required adjustments in orientation of head such as gaze

stabilizations and balance control can be done automatically (Cengiz, 2017).

The somatosensory system consists of nerve cells that sense and response
information about the external object touching our skin, and also about our body
itself. Several body parts such as skin, skeletal muscles, bones and joints, internal
organs, and the cardiovascular system include somatosensory receptors. The main
role of the somatosensory system is to perceive touch, pressure, position,
temperature, vibration, and movement (Brodal, 1969). The somatosensory system
is responsible for providing information about the forces and properties of the

contact surface, and the relative configuration of the body segments (Horak &
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MacPherson, 1996). Compelling evidence state that the somatosensory system is

very crucial in estimating the orientation of upright standing posture (Ceyte, 2007).

Based on sensory information on relative configuration of the body segments,
proprioception is considered as a subsystem of the somatosensory system (Peterka,
2002). In brief, the proprioceptive system is responsible for taking information from
each part of the body and transmitting them to CNS, consciously or unconsciously,
to control posture. This information is provided by proprioceptors located in the
muscles, joints, ligaments, tendon, and skin (Kavounoudias, Gilhodes, Roll, & Roll,
1999). In the lack of proprioceptive input, movements would be impaired and the
dependency on other sensory information such as visual inputs would likely to

increase (Fortier & Basset, 2012).

2.1.1.3. Somatosensory System and Light Touch

Somatosensory information provided by the contact of the feet with the support
surface in combination with proprioceptive inputs from the legs and ankles is helpful
in maintaining upright stance (Diener, Dichgans, Guschlbauer, & Mau, 1984).
Furthermore, Lackner (1988) stated that not only somatosensory information from
feet in contact with a surface improves postural stability, but also any part of the
contact with a stationary external surface has an influence on the perception of
body orientation. However, it’s not a necessity for this touch contact to be physically

supportive (Marsden, Mertton, & Morton HB, 1981).

Light finger touch is defined as slightly touching to a stable and firm surface with the
index finger with a force no more than 1N. Holden et al. (1994) demonstrated that
fingertip contact on a stable surface can improve postural control, although the
contact forces are not big enough to provide mechanical support. Somatosensory
cues are a crucial orientation reference for the organization of postural control

(Jeka, Schoner, Dijkstra, Ribeiro, & Lackner, 1997). Given the characteristics of light
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finger touch, how does it improve postural control without providing mechanical
support? There are two possible explanations to it. First one is that the touch
contact may trigger the additional postural muscles; especially the trunk muscles,
which are not active without the touch contact. Light touch contact may provide a
reference point to activate these muscles. Thus, these muscles can counteract sway
(Jeka J. J., 1997). Second one is explained by the presence of additional sensory
information that is obtained by the cutaneous mechanoreceptors and kinesthetic
mechanoreceptors (Baldan, Alouche, Araujo, & Freitas, 2014; Diener, Dichgans,
Guschlbauer, & Mau, 1984). Even though almost the entire body surface is covered
with the cutaneous mechanoreceptors, their density is the greatest on hands and
on fingertips (Philips, 1986). Two-point discrimination studies revealed that fingertip
can detect differences as small as 2 mm (Jeka, Schoner, Dijkstra, Ribeiro, & Lackner,
1997). On the other hand, the sensitivity of two-point discrimination studies
concerning the bottom of the foot is around 8 to 10 mm. During the touch with the
index finger, cutaneous mechanoreceptors detect the changes in body sway by the
skin surface or skin stretch prior to the sensory information provided by feet or ankle
(Srinivasan, Whitehpuse, & LaMotte, 1990). Because of this feedback, body sway is
perceived and required adjustments are made by the CNS. Also, the information
regarding the arm configuration provides proprioceptive feedback (Matthews,
1988; Baldan et al., 2014). Rabin et al. (2008) found that position of contact surface
was most effective at the point of greater instability (i.e., anterior touch for anterior-
posterior instability, lateral touch with mediolateral instability). In other studies, the
improving effect of light finger touch on postural control was demonstrated in
people with vestibular loss (Lackner, Rabin, & Dizio, 2000) and people with lower
extremity sensory deficits (Dickstein, Shupert, & Horak, 2001). In a further study of
Lackner et. al. (2000) it was found that the light touch substitutes for impaired

cutaneous information from the feet due to diabetic peripheral neuropathy.

The effect of light touch on postural control has been tested in different

experimental conditions such as: one leg stance (Holden, Ventura, & Lackner,
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Stabilization of posture by precision contact of the index finger, 1994), natural feet
position (Dickstein, 2005), or tandem stance (Rabin, Dizio, Ventura, & Lackner, 2008)
and it was demonstrated that its supportive effect was independent from these

conditions.

Tandem Romberg stance of 5 healthy subjects aged between 20-50 years was tested
with eyes open and closed under three conditions: no contact, touch contact
(slightly touching), and force contact (touching as strong as wanted) (Jeka & Lackner,
1994). The subjects stood on a force platform with tandem stance, and they were
asked to maintain their balance and not to sway as much as possible. The duration
of each trial was 24 s. The force of the touch contact was limited to 0.98 N and when
the subjects exceeded this force, they were warned by alarm and the trial was
repeated. Results indicated that touch contact was as effective as force contact in
decreasing body sway; and this effect was comparable with the contribution
provided by vision. Both touch and force contact attenuated postural sway when
the vision is not available in comparison with no touch and no vision condition. Also,
the attenuation in sway due to the touch contact and force contact occurred less
when the vision was available. This is explained by the sensory information about
the body orientation provided by touch contact and the anticipatory innervation of
muscles. On the other hand, force contact was reported to have a counteracting

effect on body sway (Jeka & Lackner, 1994).

Jeka and Lackner (1995) also found that the properties of the surface (roughness-
slipperiness) don’t affect the positive effect of light touch on postural control. Five
healthy subjects aged between 20 to 30 years stood on the force plate in the tandem
Romberg stance with three contact conditions: 1) light touch contact, 2) force
contact, 3) no contact. The surface of the touch plate was altered as “rough” and
“slippery”. EMG surface electrodes were placed on both peroneus muscles. Force
plate data was collected regarding the center of pressure (COP) and medio-lateral

(ML) body sway. Mean sway amplitude was reduced by over 50% with both touch
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and force contact of the fingertip, in comparison to standing without fingertip
contact. However, there was no difference when touching different surfaces. The
EMG activity in the peroneal muscles and the timing relationships between fingertip
forces demonstrated that light touch or the force contact on a surface activated
long-loop reflexes including postural muscles for stabilization. On the other hand,
when force contact was applied, mean sway amplitude decreased due to the

physical support.

Dickstein (2001) investigated the effectiveness of light touch in subjects with
somatosensory loss in the feet from diabetic peripheral neuropathy. 8 patients and
8 healthy subjects as a control group participated in the study. Postural sway of the
groups was compared in three touch conditions (light, heavy, and none) and two
surfaces (firm and foam) while eyes open or closed. In the light touch condition, the
force exerted on the surface was limited to 1 N, while in heavy touch condition
participants were allowed touch to apply as much as force they wished. In no touch
condition, participants hold their index finger just above the plate as if they were
touching. Antero-posterior (AP) and medio-lateral (ML) root mean square (RMS) of
center of pressure (COP) sway and trunk velocity were greater in subjects with
somatosensory loss than in control subjects, especially when standing on the foam
surface. There was no significant difference between the effects of light touch in
somatosensory loss and control groups. On the foam surface, heavy touch was more
effective than light touch for the decrease in COP sway. Overall results
demonstrated that light finger touch was as effective as heavy touch in decreasing
trunk velocity, but, less effective in decreasing COP sway. Also, the results support
the idea of feedforward mechanism in which finger touch contact activates postural

muscles, thereby controlling body sway (Dickstein, Shupert, & Horak, 2001).

A systematic review compared the light touch effect on postural control during quiet
standing between healthy people and people with balance problems due to an

aging, a brain lesion, or other motor or sensory deficits. According to the results, the
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individuals with balance problems took more advantage of the light touch effect
compared to healthy individuals. This is explained as the result of a greater sensory
loss in people with balance problems. When these systems are not fully functional,
the degree to which people benefit from additional somatosensory information
increase. Thus, it can be concluded that light touch provides additional

somatosensory information for postural control (Baldan et al., 2014).

In recent years light touch effect has been investigated in combination with the
secondary task, cognitive task. Fu-Chen Chen (2015) conducted a study with 42
young adults (22 women and 20 men, mean age; 21.182+1.775 years) investigating
the combined effect of light touch and visual search accuracy task. Results
demonstrated that the light touch on a stationary surface with a force not more
than 1N improved postural stability significantly. The accuracy of the visual search
task improved as well when performed with light touch. A further study was
investigated by the same researchers among young and older adults (Chen, Chu,
Pan, & Tsai, 2018). The same study design was conducted for 22 young and 22 older
adults. The positive light touch effect on postural control was more significant in
older adults when compared to the young adults. Additionally, visual search
accuracy improved in both groups and these effects were equivalent between

groups.

Similar results were confirmed by another study conducted by Daniel Gongalves dos
Santos (2019). Light finger touch (+1 N) was performed in combination with a
cognitive task (visual search accuracy task) with 13 healthy adults (7 women and 6
men, mean age; 23 = 3.1 years). They stood on a force platform quietly and
performed visual search accuracy task. Each trial lasted 70 sec. Participants
performed both cognitive task and light finger touch individually and
simultaneously. The results demonstrated that both cognitive tasks and light touch
reduced postural sway when they were performed individually. Also, simultaneous

performance of light touch and cognitive tasks improved postural stability due to a
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decrease in postural sway. Furthermore, it was confirmed that light finger touch

provided additional somatosensory cue, thereby, reducing postural sway.

The effectiveness of light touch studies on postural control was investigated in
various populations. The light touch and postural control relationship were
investigated in people with multiple sclerosis (Kanekar, Lee, & Aruin, 2012), in
people with down syndrome (Gomes & Barela, 2007), in people with autism (Chen
& Tsai, 2015), in people with developmental coordination disorder (Chen & Tsai,
2016) and in people diagnosed with peripheral neuropathy (Dickstein, Shupert, &
Horak, 2001) and the positive effect of light touch on postural control was reported.
Besides, researchers investigating the combined effect of the light touch and the
cognitive task on postural control exist in the literature. According to Soto-Faraco et
al. (2002) cognitive tasks and the light touch compete for the same limited capacity
processor. Based on this idea, unless the overall demands of these three tasks (light
finger touch, cognitive task, and postural task) don’t exceed the available processing
capacities, simultaneous performance of the light finger touch and the cognitive
task may lead to an enhancement in postural control (Chen, Chen, Tu, & Tsai, 2015).
Chen et al. (2015) conducted a study with 42 subjects (22 women and 20 men, mean
age; 21.182+1.775 years) to investigate the combined effects of the light finger
touch and the visual search accuracy task. It was demonstrated that light touch
significantly reduced the postural sway and improved cognitive task performance in
comparison to the condition without light touch. Similar results were found in
another study in which 13 participants were included. It was concluded that the
simultaneous performance of light touch and cognitive task (visual search accuracy
task) improved postural stability. Furthermore, the individual performance of both

the cognitive task and the light touch task reduced postural sway.
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2.1.1.3. The Central Nervous System (CNS) and Postural Control

Posture is defined as the intense interaction of sensorimotor processes and internal
representations of these processes rather than being a simple static condition
(Horak & Macpherson, 1996). The CNS receives different types of information from
both external (environmental constraints) and internal (visual, vestibular, and,
proprioceptive systems) sources (Lee & Lishman, 1975). Using this information, the
CNS plays a role in organizing the sensory information and planning the execution

of the required reaction (McCollum, Shupert, & Nashner, 1996).

The CNS comprises of several parts including the spinal cord, the brainstem, the
cortex, basal ganglia, and the cerebellum. The spinal cord maintains antigravity
support and locomotor patterns; however, it is not sufficient for ensuring balance
(Macpherson & Fung, 1999). Different parts of the CNS play diverse roles in postural
organizations. Somatosensory information about limb orientation is carried in
sensory pathways in the spinal cord. Integration of sensory information for postural
orientation is regulated at the level of the brainstem. The cerebellum is important
for the programming of normal automatic and anticipatory postural adjustments
(Horak & Diener, 1994) and orientation of the body with reference to gravity or
visual references by using vestibular and visual information (Horak, 2009). The role
of the basal ganglia is to provide quick changes in postural strategies, regulation in
muscular tone, and anticipatory and reactive postural responses for postural
orientation (Horak & Frank, 1996). Lastly, the cerebral cortex is responsible for
changing postural reactions with modifications in the cognitive state, sensory-motor
conditions, previous experience, and an estimation of a perturbation (Horak F.,

2009).

Posture comprises a basis on which the movements can be executed and organized
(Jeannerod, 1988). That’s why during the performance of movement it is important

to preserve postural functions (Massion, 1998). The CNS preserve functions of
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posture during movement by two strategies: (1) postural reactions (i.e.,
compensatory postural adjustments), (2) anticipatory postural adjustments. First,
when a disturbance caused by the movement, postural reactions occur regarding
the sensory information. These reactions are regulated in CNS, and they are
executed after the disturbance. Second, anticipatory postural adjustments occur
before the disturbance of movement so that they can prevent further disturbances.
Anticipatory postural adjustments are used when the perturbation is anticipated or
when the previous experiences help the estimation (Kanekar & Aruin, 2014). The
anticipatory postural adjustments are helpful in minimizing postural disturbances,
postural preparation for movement, and, assisting the movement (Bouisset, 1992;
Massion, 1998). Aruin & Neeta (2014) made a kinematic analysis of anticipatory and
compensatory postural adjustments. Eight participants were exposed to external
predictable and non-predictable perturbations while standing. It was found that the
CoM and CoP displacements were larger when subjects were exposed to an
unpredictable perturbation. When the perturbation was predicted, anticipatory
postural adjustments were used to restore balance, thereby leading to smaller

displacements of the CoP.

When the stance is disturbed by external forces, the CNS regulates the reaction to
restore the balance. The type of reaction strategy (ankle strategy, hip strategy, and
stepping strategy) is chosen according to the direction and the magnitude of the
perturbance. Ankle strategy is opted when the perturbation is low and slow and the
control in sway in antero-posterior direction is required. When the torque exerted
around the ankle is not sufficient, hip strategy is used. Hip joint has a greater range
of motion than the ankle joint in medio-lateral direction. If the perturbation
necessitates to restore stability in medio-lateral direction, hip strategy is chosen to
restore the balance. If both the ankle and hip strategies are insufficient to maintain
balance or the COM suddenly moves away from the base of support, stepping
strategy occurs (Moore, Rushmer, Windus, & Nashner, 1988). All these changes in

internal and external environment are sent to the CNS, so that it can analyze and
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interpret the current situation to generate a motor command according to the

sensory environment (McCollum, Shupert, & Nashner, 1996).

SENSORY INPUT

INPUT INTEGRATION —> MOTOR OUTPUT

A

Vestibular system
The cerebellum

Visual system Cerebral cortex

—5 5
1l

Somatosensory system

Posture

A A 4

The brainstem Equilibrium

Figure 2.1. Relationship of the postural control systems

McCollum, Shupert, & Nashner (1996) conducted a study to investigate how does
the CNS regulate sensory information even if the information is distorted. 20 healthy
adults and 69 patients with peripheral vestibular disorder participated in the study.
It was hypothesized that a single small cue from the environment could result in a
change in sensory state. To exemplify; changing the property of the surface (e.g.,
from rigid to a compliant surface) will result in changes in the relationship between
ankle position and both visual and vestibular information about body sway. Subjects
stood on a movable force platform. Both the platform and the visual surround could
be rotated independently. Six different sensory conditions were introduced to the
subjects and the duration of each trial was 20 s. They were instructed to stand still
with as minimum sway as possible. In conditions 1 and 2, they stood on a fixed
platform with eyes open and eyes closed. In other 4 conditions visual surround or
the platform were rotated to interfere with sensory feedback. In condition 3, the
visual surround was rotated. In conditions 4 and 5 the platform was rotated with

eyes open, and ayes closed. In condition 6, both the platform and the visual
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surround was rotated. After the experiment, the patients with peripheral vestibular
disorder were grouped under three categories: category 1 (swayed within normal
limits in conditions 3 and 4 but abnormal in conditions 5 and 6), category 2
(excessive sway in conditions 3 and 6), and category 3 (abnormal sway in conditions
3, 4, 5 and 6 and little more sway in conditions 1 and 2 in comparison with healthy
subjects). Besides, three different sensory stages were defined: A, B, and C. In state
A (at which the conditions 1,2, and 3 were included), the CNS is able to make use of
all of the sensory information including vestibular (when available), visual (when
available), and somatosensory systems. In sensory states B and C (at which the
conditions 4, 5, and 6 were included), the nervous system cannot make use of
somatosensory information from the legs and feet about the orientation of the body
with respect to surface, however, it can utilize somatosensory information about
the orientation of body segments with respect to each other and also vestibular
system. The sway measurements indicated that the sway amount of people with
peripheral vestibular dysfunction was comparable to the healthy subjects while
standing on a rigid surface with eyes open or eyes closed. It was observed in healthy
subjects that when a mismatch between vestibular and somatosensory information
occurs, a transition is made from sensory state A to B, if the eyes are open. The
similar transition mechanism was observed in patients with vestibular disorder as
well. However, they showed a greater amount of sway. This was explained by two
possible mechanisms. First, they might have relied on vestibular input which was
reduced in amplitude or dynamic range. Second, they might have used the
information from visual and somatosensory sources, but, since the platform and
visual surround was altered by the experimenter, the visual and somatosensory
information were sway-referenced. This study explains how the nervous system

uses a transition mechanism to regulate the sensory input to maintain balance.
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2.2. Attention

In the previous sections, the mechanism involved in human postural control was
elaborated. The role of biomechanical and muscular properties, sensory systems
and CNS was mentioned. But is the combination of all these systems processed
completely automatically without any attention, or is the human consciousness
factor could affect these processes? In this case, understanding the role of

“attention” becomes crucial.

2.2.1. Theory of Attention

Attention has been investigated for years to understand its nature and principles
and its function, and interestingly its definition. Yet, the theory of attention is not

clear to elucidate these questions completely.

In several attention theories, attention is considered as the connection between
perception and memory (Kihlstrom, 2018). William Jones is the first to define
attention as the "Taking possession by the mind.... of one out of what seem
simultaneously possible objects or trains of thought." (James, 1890). This definition
is remarkably close to the current understanding of attention defined as the
“selective prioritization of neural representations that are most relevant to one’s

behavioral goals.” (Buschman & Kastner, 2015)

The theories of attention will be introduced under 3 categories: early theories of
attention (1), capacity theory of attention (2), multiple resources theory of attention
(3). Firstly, early theories of attention comprise early, and late selection theories
proposed by Broadbent, (1958); Deutsch and Deutsch, (1963); Keele, (1973);
Treisman, (1964). These theories are similar in general view; however, they have
some distinctive features. According to these theories, attention is conceptualized

as single-channel or “bottleneck.” The name of "bottleneck"” describes the
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occurrence of information processing. The level of the "neck" determines whether
the information would reach short-term memory, and thus it can reach "higher-
level" information processing (Kihlstrom, 2018). So, it acts as a control point. Early
selection theories refer to an attentional filter that operates after sensory
processing but prior to meaningful semantic processing. Late selection theories
refer to an attentional filter that operates after semantic analysis but prior to
response preparation. The most well-known early selection theories are
Broadbent’s, (1958) filter theory and Treisman’s (1964) attenuation model.
Broadbent’s (1958) filter theory suggests that the sensory system can identify only
one stimulus at a time. All the stimulus reaches to a certain point into the system
(bottleneck). A filter determines which stimuli will be processed further and stimuli
will not. A very similar but slightly different theory proposed by Treisman (1969)
claims that the filter lowers the strength of the sensory signal on the unattended
channel. The degree of perceptual analysis received by an input depends on the
signal intensity of the input. When it comes to late selection theories, Keele’s (1972)
late-filter theory explains that all stimuli are recognized (semantically analyzed), but
they are narrowed to the most relevant ones during response preparation. As a

result, only the most relevant stimulus is responded.

Secondly, in the early 1970s Kahneman (1973) proposed a view for the theory of
attention in terms of mental capacity. According to this view, there is a fixed capacity
of attention. Cognitive activities differ in terms of their attentional requirements.
For instance, when two tasks are performed simultaneously, they might interfere
with each other by exceeding the individual's capacity if both tasks are attention
demanding. However, if they are not attention-demanding, and do not exceed the
individual’s capacity, interference does not occur. On the other hand, it's assumed
that it's possible to process multiple stimuli at the same time. This occurs through
parallel processing (Posner & Snyder, 1975; Navon & Gopher, 1979. In this case, the
trade-off between tasks might occur. According to the importance, difficulty, and

other factors of the tasks, this trade-off is determined.
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Figure 2.2. Description of Early and Late Selection theories.

Note. The identity of both the attended stimulus (S2) and the unattended stimuli (S1,
$3, and S4) are computed alike. In early selection model, the attended stimulus (52)
is selected after the physical identification and before the semantic analysis,
however, in late selection model, the attended stimulus (S2) is selected after the
semantic analysis.

Lastly, it is supported that attention doesn't have a single resource, instead, it has
multiple resources. For mental processing only a limited set of resources are
available. These resources are first pooled and then allocated to variety of
operations. Based on this theory, it can be understood that how a demanding single-
task can be difficult to process and how some dual-tasks can be performed without
any interference. According to this view, each resource has its own capacity, and the
information is processed goal directed. Thus, during the simultaneous execution of
two tasks, they could be performed well without any interference (Wickens, 1976;
Navon & Gopher, 1979; Wickens, 2002). Allport states that the main mechanism of
the multiple resources theory is to accomplish the completion of a task. Each

resource has its own capacity, and the information is processed goal directed.
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Therefore, separate tasks can be performed simultaneously, and complex tasks can

be executed successfully (Allport, 1989).

stages
responding central processing encoding
manual / // ot
vocal / verbal

3
(o]
o
o
=
o
w

auditory

spatial
bl

/&
verbal pe

¥

Figure 2.3. Multiple Resource Model (Wickens, 1992)

Attention is a fundamental aspect of cognitive function, and it has a broad domain
(Dux & Marois, 2009). It is a multifaceted concept which involves switching, dividing,
selecting, orienting, searching and sustaining (Redick & Engle, 2006). There are
number of ways to measure the attention. Various methods are utilized to evaluate
each parameter of attention. Posner’s test, Reaction-time paradigms (Stroop
paradigm, Simon paradigm, and Navon Paradigm), Priming test, Oddity paradigm,
and Das’ test are the most common batteries used in practice. This study will utilize
Stroop paradigm to differentiate attentional demands (Towey, Fabio, & Capri,

2019). In the next part the Stroop paradigm will be explained in detail.
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2.2.1.1. Stroop Effect and Attention

“Stroop Effect” or “Stroop Test” phenomenon was first identified by the
psychologist John Ridley Stroop in the 1930s (Stroop, 1935). In general terms, the
Stroop test involves color words both congruent (e.g., the word "red" written in a
red color ink) and in incongruent mode (e.g., the word "red" written in a "yellow"
color ink). Participants are instructed to name the color in which the word is written.
The different information received by the brain -the incongruent word color and the
real color in which they are written- causes an interference. Word reading and color
reading are processed parallel, thus, while generating an output response this
interference occurs (Arthur & William, 1966). This is because of the increasing
difficulty of remaining focused and the difference in the speed of processing of
words and colors. It is stated that word recognition processing occurs much faster
than color recognition processing. Thus, confusion occurs at the time of decision
making (Imbrosciano & Berlach, 2006). When the congruent word color is
presented, the time to respond to the name of the color is very fast, however, when
the incongruent word color is presented, delayed response time and a high
possibility of error occurs (Harvey, 1984). But isn't it possible to simply focus on the
color of the ink ignoring the word itself? Different views are explaining the possible
mechanism of this interference. The first explanation is the difference between the
processing speeds of color and word as explained above (Fraisse, 1969). On the
other hand, there is another experiment that proposes a different view to this
explanation. Dunbar & MaclLeod (1984) conducted the Stroop test differently. The
names of the words were presented in reverse order like seen in a mirror. In this
experiment identification of the name of the word was much slower than naming
the color. Therefore, the explanation of the difference in speed of processing is
insufficient to explain the Stroop effect. The irrelevant signal (color name) and the
relevant signal (ink color) are processed in parallel with the possibility without any
interference in the early stages of processing (Schmidt, Lee, Winstein, Wulf, &

Zelaznik, 1999).
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2.2.2. Attention and Postural Control

According to the traditional view, postural control requires minimal consciousness
for information processing and reflexively controlled. In other words, postural
control is considered to be automatic (Kerr, 1985; Pellecchia, 2003). However, there
are opposing views to it suggesting that attentional resources play a role in the

organization of postural control.

Pellecchia (2003) examined the postural control in response to the difficulty of
concurrent cognitive tasks. 20 healthy adults participated in the study. Digit reversal,
digit classification, counting backward by 3 seconds were introduced to subjects
during quiet stance and results showed that the increase in the attentional demands
of the cognitive tasks resulted in an increase in sway during postural stance. This
result may indicate that task integration becomes more challenging with the
increasing level of attentional demands. However, a similar study conducted by
Blanchard et al. (2005) to determine the attentional demands of concurrent
cognitive on postural control with children showed different results. 19 fourth-grade
students performed three different tasks on the force platform: quiet stance,
counting backward, and reading second-grade level sentences. Results revealed that
children were able to adjust their postural stance by decreasing sway range and
sway variability with the increasing attentional demands. This might be due to the

different strategies adopted by children, as the author explained.

On the other hand, the findings of Shumway-Cook and Woollacott (2000),
demonstrates that postural control is not only a reflexive response to the sensory
information. 18 young adults and 36 elderlies (18 with a history of fall or balance
impairments and 18 without a history of fall) participated in the study and
performed a choice reaction time auditory task. They performed the auditory task
in six different sensory conditions. These conditions altered the availability of

accurate visual and somatosensory cues required for postural control. Results
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showed that the performance of auditory task did not affect the postural stability in
young adults in any of the sensory context. However, the situation was different in
older adults. As the sensory information decreased, the attentional demands of
postural control increased. Additionally, this increase was present in all sensory
contexts for the elderly with balance impairments, while for healthy elderly it was

present when both visual and somatosensory cues were removed.

2.3. Dual Task Methodology and Postural Control

Dual-task methodology in which participants perform two or more concurrent
activities has been investigated to assess the attentional demands of postural
control, mental load, as well as the automaticity (Abernethy, 1988; O. Neumann,
1996). When a secondary task is performed in addition to the postural task, the dual-
task paradigm arises. Within dual-task paradigm the degree of sharing information-
processing requirements is investigated. So, how are the attentional requirements
determined or how is it explained? To understand this issue, it’s important to focus
on cognitive function. In literature, dual-task studies are performed with various
tasks that assess different cognitive functions. Al-Yahya et al. (2011) classified
cognitive tasks based on their behavioral and cognitive level. According to this study,
three types of cognitive tasks which require 1) executive function, 2) working
memory, and 3) attention. Executive function involves higher cognitive processes
which are not routine, and goal directed. Producing words spontaneously (e.g.,
reciting words with or without specific letters) under pre-specified search conditions
can be defined as a task of executive function. Working memory is a part of cognitive
function that can hold information temporarily and the ability to manipulate and
use the information to complete complex cognitive tasks when required. Serial
subtractions, repeating a series of digits forward, and counting how many times
predefined words appeared in a text read aloud are some examples of working
memory tasks (Baddeley, 2003). Attention, as abovementioned, has four

components: sustained (e.g., counting backwards, push-button simple reaction
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time), selective (e.g., The Stroop paradigm, auditory choice reaction time task),
divided (e.g., talking on the phone while walking), and set-shifting (cognitive
flexibility) attention and in brief terms it can be defined as individual’s information
processing capacity during the performance of a task (Woollacott & Shumway-Cook,

2002).

In dual-task situations, the ability to allocate attention between the two relevant
tasks is very essential for both tasks to be performed optimally (Shumway-Cook &
Woollacott, 2000). In literature, the underlying mechanism of the dual-task
interference is not yet clear. When a motor and cognitive task are performed
simultaneously, these performances may be affected by these simultaneous
execution (Leone et al., 2017). When two different tasks are performed
simultaneously, the performance of one or both tasks may deteriorate. This is called
as “dual-task interference.” When one of these tasks is a cognitive task and the other
is a motor task, it is called as cognitive-motor interference. Provided that the single
task condition is a reference, any deviation from this reference point during the
performance of dual-task is named as dual-task cost (Friedman, 1982). A study
(Plummer et al., 2013) has proposed nine possible scenarios in dual situations. These
possible outcomes are: 1) no interference (performance of either task does not
change relative to single-task performance), 2) cognitive-related motor interference
(cognitive performance remains stable while motor performance deteriorates), 3)
motor-related cognitive interference (motor performance remains stable while
cognitive performance deteriorates), 4) motor facilitation (cognitive performance
remains stable while motor performance improves), 5) cognitive facilitation (motor
performance remains stable while cognitive performance improves), 6) cognitive-
priority trade off (cognitive performance improves while motor performance
deteriorates), 7) motor-priority trade off (motor performance improves while
cognitive performance deteriorates), 8) mutual interference (performance of both
tasks deteriorates), or 9) mutual facilitation (performance of both tasks improves)

(see Table 2.1).
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Table 2.1. The nine potential outcomes of cognitive-motor interference proposed
by Plummer et al. (2013)

Cognitive Performance

Motor
Performance No Change Improved Worsened
" Motor-related
No dual-task Cognitive .\
No Change . e cognitive
interference facilitation .
interference
I R Motor-priorit
Motor facilitation Mutual facilitation P y
trade-off
Improved
Worsened - - L.
Cognitive-related Cognitive priority Mutual
motor interference trade-off interference

2.3.1. Underlying Mechanisms to Explain Dual-task Paradigm

In literature, there are different approaches explaining the underlying mechanism

of the dual-task paradigm (see Figure 2.4).

— Capacity sharing model, points out that — n resources are divided into “to-be-
performed” tasks, in other words, one can voluntarily allocate capacity sharing to a
specific task. Due to the limited-capacity parallel processor cognitive-motor
interference occurs (MclLeod, 1977; Tombu & Jolicoeur, 2003). To add, in this model,
it’s also possible to perform multiple tasks without interference unless they require

common limited sources (Navon & Gopher, 1979; Wickens C., 1980).

— Time sharing model, suggests that two tasks can access resources, but time has
to be shared between two tasks. This model suggests that the brain areas that are
responsible for only one task are less activated during a dual-task condition. The
greater the resources overlap, the greater the level of interference (Nijboer, Borst,

van Rijn H., & Taatgen, 2014).
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— Cross-talk model, adopts the idea of the use of similar domains or neural
processors. If two tasks use similar domains or neural processors, they don't
interfere with each other. Also, due to the use of less attentional resources,

efficiency of processing (i.e., facilitation) might increase (Navon & Miller, 1987).

— Bottlenecks theory, as mentioned earlier, claims that when two tasks need the
same neural processors or networks or when the required networks overlap, serial
processing occurs. Since certain processors act only on one task at a time, a delay or

impairment of one or both tasks occur (Pashler, 1994; Tombu & Jolicoeur, 2003).

Other than these attention theories, some theories handle dual-task paradigm

within the postural control scope.

— The non-linear interaction model (U-shaped relationship between postural
control and cognitive demand), proposes that postural control improves when
performing a relatively easy concurrent task, while it deteriorates with the
increasing demands of a concurrent cognitive task (Bonnet & Baudry, 2016; Riccio
& Stoffregen, 1988). However, there is a lack of clarity in determining the demands
of concurrent cognitive tasks. In other words, at which point of difficulty does
concurrent cognitive task result in a diminished postural control? The literature
doesn’t explain the inflexion point explicitly at which cognitive demands create

enough difficulty to diminish postural control (Legrand et al., 2013).

— The task prioritization model is an another common idea which explains dual-
task paradigm. Since there is a limited attentional source, postural task is often
prioritized over the cognitive task. This behavior is widely observed in elderly
population rather than young population. Elderly subjects tend to preserve their
postural stance when confronted with a secondary task (Lacour, Bernard-Demanze,

& Dumitrescu, 2008).
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Figure 2.4. Proposed mechanisms to explain dual-task paradigm for concurrent
“cognitive and motor” dual-task performances
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2.3.2. Interference in Postural Task Under Dual Task Conditions

Dault et. al. (2001) examined the postural control in dual-task conditions. 24 healthy
individuals, 12 males and 12 females (aged between 20-40 years) participated in the
study. The individuals who have highly developed balance skills (more than average)
were excluded from the study. The varying difficulty levels for cognitive task were
added to increase attentional interference. As a cognitive task, Stroop task was
chosen and modified using three shortened versions with 25 items including word
card, color card, and the word-color card. Each version of the Stroop task was
expected to last in 22 seconds. Postural stance difficulty was also modified, and
seesaws were utilized to create difficulty. Three types of postural task were
established and performed on a force plate: Task-1) shoulder-width stance, Posture
Task-2) shoulder-width stance while each foot placed on two individual seesaws,
and Task-3) tandem stance on the seesaw. Three different postural tasks and four
different cognitive tasks (in total 12 different combination including no task
situation) were presented to the participants in a random order. According to the
results, there was a slight effect of cognitive task on Posture 1. This was interpreted
as the decreased attentional requirement for Task 1 as a very-well learned task.
However, cognitive tasks led to a deterioration in the postural tasks which were
performed on seesaws (Task 2 and 3), especially in tandem stance. Increased level
of postural task difficulty resulted in reduced postural stability in frontal plane, like
the addition of cognitive tasks with increasing difficulty levels. These results can be
interpreted as quiet stance requires a very little attention; thus, addition of a
concurrent cognitive task doesn’t make a considerable interference. However, since
the more challenging postural tasks were considerably more attention demanding,

addition of a concurrent cognitive task had a detrimental effect on postural control.

Another study addressed the dual-task paradigm by comparing the young and older
adults (Bergamin et al., 2014). Thirty young adults (15 men and women, aged

between 18 to 28 years) and 30 older adults (15 men and women older than 64
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years) were recruited. Individuals who have health problems or physical limitations
were excluded from the study. Different types of cognitive tasks were introduced
during Romberg test, a single postural task, in which the participants were required
to stand with their eyes open and feet together. Cognitive tasks involved spatial-
memory brooks test (SMBT), counting backwards aloud test (CBAT), and mental
arithmetic task (MAT). The velocity of Center of pressure (COP), sway area, anterio-
posterior and medio-lateral oscillations as extents of postural sway were measured.
Results indicated that the types of cognitive tasks differently affected postural sway
variables regardless of age, inducing an increase in CBAT, and a decrease in SMBT

and in MAT in COP velocity and sway area.

Ceyte et al. (2014) examined the influence of visual cues and the stability of support
surface on body sway during a cognitive task on 71 healthy young adults (36 women
and 35 men: mean age = 24.1 + 2.5 years). The participants performed Sensory
Organization Test with and without the presence of cognitive task. Each dual task
was repeated for three visual conditions (V—vision, NV—no vision, MV—moving
visual surround) and two support conditions (fixed or moving support surface).
Cognitive task involved two versions of MAT with two difficulty levels as backward
counting by three or thirteen. When visual cues were available, addition of MAT
resulted in an increase in body sway during quiet stance. Also, a similar effect on
body sway parameters were observed during standing on an unstable support
surface. Furthermore, there was no significant difference in body sway parameters
between the two calculation tasks independently from the visual context and the
stability of the support surface. The authors ground these findings by the theory of
limited attentional capacity. This theory postulates that postural control and
simultaneous cognitive activities compete for a limited capacity of central
processing resources, thus, performing a postural and a cognitive task together

generate a “double-task” instead of a “dual-task”.
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Taesdela et al. (2001) examined how the integration of sensory information
perturbs postural stability and whether it requires additional attentional demand
within the scope of dual-task paradigm. Eight healthy young (5 men and 3 women,
mean age: 24.8 years) and eight healthy elderly (6 men and 2 women, mean age: 68
years) subjects performed a postural task on a force platform with and without a
secondary cognitive task. The postural task involved three conditions: 1) the
reinsertion of proprioceptive information when vision is available, 2) the reinsertion
of proprioceptive information when vision is absent, and 3) the reinsertion of vision
when proprioception is perturbed. Secondary task was a probe-reaction time (P-RT)
task at which participants were instructed to respond verbally “top” as quickly as
possible to the unpredictable auditory stimulus presented before or after a sensory
reintegration and in control conditions. Attentional demands for the postural
system were evaluated by using the reaction times to the auditory stimuli. Results
indicated that in both vision and no-vision conditions reintegration of
proprioception resulted in a faster COP velocity for both young and elderly, and this
effect was more significant in elderly. When vision was not available, attentional
demands increased for both groups, while reintegrating the proprioceptive

information.

Another study is undertaken by Pellecchia (2003) to understand the effect of
difficulty of the cognitive dual-task on postural control. 20 healthy subjects (10 men
and 10 women, aged between 18-30 years) performed three different cognitive
tasks; 1) digit reversal, 2) 2-bit classification, and 3) counting backwards by three. A
10 cm dense foam pad was placed on the force platform in order to create a more
compliant surface to eliminate low task difficulty to limit possible interference
effect. Results demonstrated that an increased postural sway during standing was
observed as the difficulty of cognitive task increased. This finding is in line with the
capacity theory of attention. According to this theory, the requirements of

information processing increase as the difficulty level of a cognitive task increases.
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Thus, task integration becomes more challenging when the secondary task is more

attention demanding (Pellecchia, 2003).

2.3.3. Facilitation of Postural Control Under Dual-Task Conditions

Donker et al. (2007) examined the influence of focus of attention on the dynamical
structures of postural control and recruited 30 healthy young adults (10 men and 20
women: age between 19-30 years). It was hypothesized that i) an increase in
cognitive involvement would result in an increase in COP regularity, and ii) directing
attention away from the postural control would result in a decreased COP regularity.
In order to test these hypothesis, four different experimental conditions were
presented: 1) upright stance with eyes open (EO-ST), 2) upright stance with eyes
closed (EC-ST), 3) upright stance with eyes open while performing a dual task (EO-
DT) and 4) upright stance with eyes closed while performing a dual task (EC-DT).
These conditions were performed in a random order and once in reverse order by
each participant. COP dynamics were quantified in terms of sample entropy
(regularity), standard deviation (variability), sway-path length of the normalized
posturogram (curviness), largest Lyapunov exponent (local stability), correlation
dimension (dimensionality) and scaling exponent (scaling behavior). The cognitive
task involved reading a word backward (e.g., “‘Simon’’ had to be read as ‘“‘nomis”).
As hypothesized, COP regularity significantly increased during standing with eyes
closed, standing with eyes open resulted in less COP irregularity and smaller
variability. These findings suggested that the amount of attention directed to
postural control was positively correlated with sway regularity. Standing with eyes-
closed led to an increase in COP regularity. However, performing a cognitive task
while standing with eyes-closed resulted in greater COP irregularity and smaller
variability as observed in standing with eyes open condition. The authors explained
this finding with the increase of automaticity of postural control when a cognitive

task is presented additionally.
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Polskaia and Lajoie (2016) investigated the cognitive task demand and the postural
control. 17 young adults (mean age: 23.71 + 1.99 years) were asked to stand upright
on a force platform and perform concurrent cognitive tasks (visual and auditory) at
three different difficulty levels, as easy, moderate, and difficult. Visual task was
counting the occurrence of one or two numbers. Auditory task was counting the
occurrence of the letters and repeating a string of words. The increase in cognitive
task difficulty resulted in reduction in 95% confidence ellipse area and ML sway
variability. However, there was a difference between the effects of visual and
auditory task. While auditory task led to an increase in COP irregularity, the visual
task led to a decrease in ML sway variability. These results explained by the view
that withdrawing attention away from the postural control facilitates the automatic

control processes.

In a study, authors (Swan, Otani, & Loubert, 2007) investigated dual-task condition
by modifying difficulty level of the cognitive tasks as well as the balance
requirements of the postural task. Due to the differences in stabilizing COP location
between genders, 98 healthy and women-only participants (aged between 18-27
years) were recruited in the study. The difficulty levels of motor task included 1)
standing with feet together (Easy), 2) standing with feet together with the
stimulation of concurrent vibration of the bilateral gastrocnemius muscles
(medium), and 3) tandem stance (difficult). Brooks working memory task with
spatial and nonsense sequences were chosen as the cognitive task. In the spatial
Brooks’ task, participants were instructed to listen to a series of sentences in which
the location of numbers in a 4x4 grid were described. In the nonsense part of the
Brooks’ task, the words of direction: right, left, up, and down were replaced with
good, bad, quick, and slow. The Brooks’ tasks were modified to have two levels of
difficulty. Postural tasks were performed either concurrently with Brooks’ tasks or
without a cognitive task. As a result, performing a difficult cognitive task
concurrently with motor task led to a decrease in postural sway regardless from the

difficulty of postural task. This is explained by the consequence of directing
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attention away from the postural balance. Thus, an individual becomes less
responsive to the balance-related cues and prevents over corrections (Swan, Otani,

& Loubert, 2007).

Batistela et al. (2019) examined the effects of cognitive task on postural task
performance in combination with haptic information. Cognitive tasks involved; 1)
control, 2) visual-Stroop task, and 3) auditory digit-monitoring while postural task
involved standing upright with the feet shoulder width apart on a wood balance
beam placed on a force platform 1) with the use of anchors, 2) without the use of
anchors. Twenty healthy young adults (10 male and 10 females; aged between 24.0
1 3.0 years participated in the study. They performed three trials of six experimental
conditions each one lasting 40 s, with minute rest period between trials. Results
demonstrated that not only the use of anchors but also the cognitive tasks
individually reduced COP ellipse area. The positive effect of anchor use on postural
control was explained as the presence of haptic information provided by the tactile
receptors. Thus, postural orientation was improved with the additional sensory
information. There was no significant difference between the effects of auditory and
visual cognitive tasks on postural sway. There was no correlation between the
effects of anchors and the cognitive task on sway parameters. Even during the
execution of a challenging postural task, cognitive tasks reduced the postural sway

possibly by facilitating functional integration.

Lajoie et al. (2017) investigated the effect of discrete and continuous cognitive tasks
in older adults. Twenty heathy older adults (4 men and 16 women; mean age: 69.9
+ 3.5 years) participated in the study. They performed postural task which consisted
of standing still on the force platform with feet together. In addition to the postural
task, participants were asked to perform a total of four cognitive tasks, including
two discrete and two continuous tasks. Discrete cognitive tasks involved a single
reaction task (SRT) and go/no-go reaction time (GO/NG) task. The continuous

cognitive tasks involved the sequence and equation tasks. SRT task and sequence
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task was designed to be “easy” tasks, whereas GO/NG task and equation task
designed to be “challenging”. Each trial lasted 60 sec and were repeated for each
condition in random order. According to the results, there was a significant decrease
in sway amplitude and sway variability while performing challenging discrete and
continuous cognitive tasks in comparison to a standing only task. The finding of no
significant differences between standing only and simple discrete tasks is likely to
be attributed to the simplicity of the task. These results suggest that a challenging
discrete and continuous task were enough to direct attention away from the
postural control. Furthermore, SRT task had no effect on sway parameters, the
attention is likely to be intermittently drown away from the postural control. It can
be concluded that the type and level of the difficulty of cognitive tasks differently

affect postural control in elderly adults.

The existing literature was reviewed and elaborated by focusing on postural control
mechanisms, attention theories and dual-task paradigm. Postural control
mechanisms highlight the interactions among biomechanical and musculoskeletal
properties, as well as the function of peripheral and CNS. Human upright stance is
inherently unstable and requires the continuous feedback from the sensory system.
In this mechanism, CNS interprets the changing information from both internal and
external sources and regulates the motor task accordingly (Hwang, Agada, Kiemel,
& Jeka, 2016; Maki & Mcllroy, 2007). Since, the literature review indicates a
discrepancy in findings about the underlying mechanism of postural control, it
brings about two main questions; 1) whether the postural control is a result of
automatic processes entirely or 2) does consciousness play a role in postural control
processes? Several theories on attention allocation are linked to the postural control
mechanisms to understand the underlying mechanisms. At this point, dual-task
paradigm arises which is broadly defined as the concurrent performance of two or
more tasks. While performing multiple tasks simultaneously, interference,
facilitation, or none of both might occur in one or both tasks. However, the level of

difficulty and the nature of each task are both crucial for the possible interference,
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facilitation, or no response effect. This study is, therefore, concerned with the
understanding the role of secondary cognitive task difficulty on postural control

within the dual-task paradigm.

On the other hand, effect of light touch (LT) condition was discussed in relation with
the input from the sensory system. LT condition was provided by the contact of the
index finger with a load cell on a stationary surface while force did not exceed + 1
N. Thus, it allowed an additional somatosensory cue through the cutaneous
receptors, without acting as a mechanical support. It has been reported in several
studies that slightly touching on a stable surface is effective in the attenuation of
postural control. The effectiveness of LT was proven to have positive effects on
postural control in diverse populations (Chen & Tsai, 2015; Chen & Tsai, 2016;
Gomes & Barela, 2007; Dickstein, Shupert, & Horak, 2001; Kanekar & Aruin, 2014).

Another issue that this study investigates is the changes in postural control during
the simultaneous execution of cognitive task and light touch during. Few studies
investigated the combined effects of light touch and cognitive task above
mentioned. However, there are not many studies in literature adopting dual-task
paradigm and light finger touch in combination. The studies undertaken mostly
investigated the same type of cognitive task models (visual search accuracy /or
counting backwards) without noticing the cognitive task difficulty. Therefore, this
study aims to contribute to the literature by adjusting difficulty levels of cognitive

task in combination with light touch.

46



CHAPTER 1II

METHOD

3.1. Subjects

18 voluntary participants were included as listed below in Table 1 (mean age:
29.331+5.20 years; mean height: 172.81+7.16 cm; mean weight: 73.26+11.04 kg).
Age limit was set between 18-40. 10 men and 8 women took place in the
experiments (see Table 3.1). The sample size was chosen based on an estimated
effect size of 0.31, which was averaged from three similar studies [0.42 (Lee, 2018),
0.31 (Dos Santos et al., 2019) and 0.43 (Chen, Chu, Pan, & Tsai, 2018). Using
G*Power software (GPower 3.1), an estimated sample size of 18 people was
recommended to appropriately observe statistical significance at the 0.05 alpha
level with a power level of 0.8. Ethical approval was obtained from the Research and
Ethics Committee of Middle East Technical University and subjects gave written
consent before participation. The study’s data was collected in NMLab in Hacettepe

University Department of Biomechanics and Motor Control.

3.2. Data Collection Procedures and Apparatus

While subjects performed cognitive test (visual-verbal Stroop tests in pre-determined
random sequences and in different difficulties) with or without light touch, they
stood in quiet stance on a force plate to perform postural task. A customized data
collection software was prepared in LabVIEW (version 7.1, National Instruments

Corporation, Austin, TX) to simultaneously perform the following experimental
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processes; 1) measurement, monitoring and recording force plate data 2)
randomized presentation of cognitive test via computer screen, 3) measurement,
monitoring and recording pressure data during light touch with index finger (when
available). Stored data were used for post-processing in MATLAB (The MathWorks,
Inc). The measurement methods and analyzed parameters were explained in detail

below.

Table 3.1. Descriptive Statistics of Participants

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

1 34 182,5 90,4

2 34 156,5 47

3 32 169 61
4 31 175 83,5

5 29 167 79,5

6 35 180 81

7 29 172 70
8 25 172,5 72,5
9 31 177 70,5

10 29 171 79
11 33 179 84,5
12 29 166,5 63,5
13 21 179 67,5
14 40 184 88,5

15 21 169 74
16 21 160,5 59,5
17 31 178 81,5
18 23 172 65,3
Mean 29.33 172.81 73.26
Standard Deviation 5.20 7.16 11.04
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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) (Figure 3.1). The data were acquired
for 50 sec at a sampling rate of 2000 Hz by using DAQ card (NI, USB-6225 Mass
Termination) which was connected to a PC. Before each trial, force plate data was
demeaned to ensure that the data had a zero drift. The amplified, digitized data were
monitored and recorded using customized data collection software LabVIEW and

stored for further post processing in MATLAB.

Figure 3.1. 6-dof force plate

3.2.2. Analysis of Sway Parameters During Quite Stance

COP positions were calculated from the relevant forces and moments (collected
from the force plate) by using below formula, where h is the height of the sensor

over the force plate (h = 4.1 cm).

49



COPx=—(My+Fxeh)/Fz
(Formula 1)
COPy=(Mx—Fyeh)/Fz

Data corresponding to the first 10 sec of the 50-sec trials were discarded to avoid
adaptation transients related to the initiation of the trial (Carpenter, Frank, Winter,
& Peysar, 2001), leaving 40 sec for further analysis. The mean value was subtracted
from each time series and the second order low pass Butterworth filter with a cut-

off frequency of 10 Hz was used for filtering the COP.

Postural sway was investigated through calculating COP Velocity (COPvg), COP
Ellipse Area ((COPea), root mean square (rms) values in Anterio-Posterior (rmsap) and
Medio-Lateral (rmsm.) directions and COP Range in AP (COPrange AP) and ML
(COPrange ML) for each trial (Carpenter, Frank, Winter, & Peysar, 2001).

Overview of the calculation of the postural sway parameters were summarized

below.

COP velocity: sway-path normalized to signal duration.

COP ellipse area: the area of the exact 95% prediction ellipse (Marcos &

Watanabe, 2021; Duarte, 2015)

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

Rms COP: root mean square COP displacement relative to the mean COP location.
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3.3. Dual Task Configurations: Cognitive and Postural Tasks

3.3.1. Cognitive Tasks and Difficulty Levels

A modified visual-verbal Stroop tests with congruent and incongruent stimuli was
chosen as the cognitive task with two levels of difficulty (easy and difficult). Subjects
performed 50-s visual-verbal Stroop tests with 20 events of congruent and
incongruent color words. The time interval between the word colors was set
between 0.8 s to 1.2 s randomly. The visual-verbal Stroop test has four different
colors including “BLUE”, “YELLOW”, “RED”, and “GREEN” written by capital letters
in Turkish language. The easy part of the Stroop Test includes congruent color
words, whereas the difficult part of the Stroop Test includes incongruent color
words (e.g., the word “BLUE” presented in green letters). Participants had to name
the color of the font verbally in which the words were written but not the actual
word written by the letters. For instance, when the word of “RED” presented in

yellow letters, the true answer should be “YELLOW”.

In both easy and difficult cognitive tasks, there were 6 different versions of Stroop
test to avoid any learning effect. The first version was used to introduce the test
during a familiarization trial to be make sure that the test was understood correctly
by the participant. The following three versions were designed to be used during the
experimental trials. The remaining two versions were designed to be used in case

the test had to be repeated.

3.3.2. Motor Tasks

Motor task configurations involved a postural task by performing Quiet Stance (QS)

trials with and without Light Touch (LT).

During the QS task the subject was required to maintain a quiet, comfortable upright

position whilst standing barefoot on the force platform, with the lower limbs are
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aligned in parallel about shoulder width apart and arms kept hanging comfortably

at their sides.

LT task required subjects to maintain QS while merely touching with index finger of
the preferred arm to a flat instrumented surface. Subject kept one arm relaxed with
90° elbow angle. Their forearm was in prone position with the index finger extended
and the other fingers were flexed while touching the load cell affixed on a wooden
plate. The plate mounted top of a tripod could be adjusted in height and position to
allow subjects to keep the requested and comfortable arm position while touching

its surface with their index finger.

The load cell signals were amplified and calibrated in units of force (Newtons) and
triggered visual feedback to let the researcher terminate the trial when an adjusted
threshold force of 1N was reached. Load cell signals were digitized in real time with

a data acquisition board and simultaneously recorded with force plate data.

Both postural task conditions (QS only and QS+LT) were performed with and without
Easy or Difficult cognitive tasks. The eyes were open during the trials. The visual
stimuli were presented via computer screen placed at the eye level at a distance of

2-m from the center of the force plate.

3.3.3. Experimental Tasks: Single and Dual Tasks

Postural tasks were performed separately both with and without the cognitive tasks.
The order of the six experimental conditions were randomized for each subject.

Experimental conditions consisted of (see Table 3.2):

Single Tasks (motor tasks only):

— QS: Quiet Stance

— QS+LT: Quiet Stance + Light Touch
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Dual Tasks (combined motor and cognitive tasks):

— QS with ECT: Quiet Stance with Easy Cognitive Task,

QS with DCT: Quiet Stance with Difficult Cognitive Task,

QS+LT with ECT: Quiet Stance + Light Touch with Easy Cognitive Task
— QS+LT with DCT: Quiet Stance + Light Touch with Difficult Cognitive Task
All task trials repeated in a random order until the subject successfully completed

three trials per each task.

The test was repeated if one of the following criteria was met; i) if the subject failed
to name the words over two consecutive times during a trial, ii) if finger force
exceeded threshold value, if) if the posture was not held constant during the trials.
Each subject completed 18 trials and none of the subject had to repeat the test. The
trials were observed and recorded by the video camera in order to calculate the
number of correct answers precisely after the experiments. There was a 1-minute

rest between each trial to assume to eliminate the effect of fatigue.

Table 3.2. Description of Experimental Procedures

Factor Light Touch Cognitive Task Difficulty
(No LT/LT) (None/Easy/Difficult)

Level 1 No LT None

Level 2 No LT Easy

Level 3 No LT Difficult

Level 4 LT None

Level 5 LT Easy

Level 6 LT Difficult

3.4. Experimental Protocols

Postural tasks were performed separately with or without the cognitive tasks. The

order of the six experimental conditions were randomized differently for each
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subject. Experimental protocols consisted of Quiet Stance (QS), Light Touch (LT),
Quiet Stance and Easy Cognitive Task (QS and ECT), Quiet Stance and Difficult
Cognitive Task (QS and DCT), Light Touch and Easy Cognitive Task (LT and ECT), and
Light Touch and Difficult Cognitive Task (LT and DCT).

All experiments were executed with eyes open and repeated in a random order until
the subject successfully completed three trials per each task. The trials were
recorded by the video camera in order to calculate the number of correct answers
precisely after the experiments. There was a 1-minute rest between trials to

eliminate the effect of fatigue.

3.4.1. Protocol 1: Single Task (Quiet Stance Only)

Quiet Stance (QS) experiment was performed with three repetitions. Quiet Stance
(QS) measures without Cognitive Task (CT) and Light Touch (LT) were taken to form
a baseline for the other conditions. The participants stood still on the force platform
with feet shoulder wide open and were instructed to flex their both elbows to the
90° in the prone position, extend their index finger and flex the other four fingers as
if they were touching a metal surface. This position was chosen as same as in the

Light Touch (LT) to provide the same postural stance and the body symmetry.

3.4.2. Protocol 2: Dual Task (Quiet Stance and Cognitive Task Trials)

Cognitive Task (CT) trials were performed separately for both difficulty levels with
and without the Light Touch (LT) conditions. Each experiment lasted 40s and the
series of the cognitive tasks were chosen with a random order. Each trial was

completed after three successful repetitions.
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3.4.3. Protocol 3: Light Touch Trials (Quiet Stance with/without Cognitive Task)

Light Touch (LT) trials were performed with and without Cognitive Task (CT). Each
experiment lasted 40 sec and after three successful repetitions a trial was

completed.

Figure 3.2. Experimental Set-Up

3.5. Statistical Analysis

In order to link findings to the research questions, a number of analyses were
performed to examine interactions among quite stance, light touch and cognitive
tasks with different difficulty. Six COP measures determined as dependent variables
were: COP mean velocity (COPveL), COP ellipse area (COPga), COP range (COPrange
AP and COPrange ML), rms COP values in AP (rmsap) and ML (rmsmi) directions. All
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COP measures were calculated for each trial. Difficulty Levels of Cognitive Task (3
levels; none, easy, difficult) and presence of Light Touch (two levels; yes, no) were
included as factors. Each entry corresponds to an average of three identical trials to
eliminate the effect of within-subject inter trial variability. The alpha level of
significance was set to p<0.05. Since all subjects were measured multiple times for
the same factors, a within-subjects design (two-way repeated measures ANOVA)

was conducted for each COP parameter, separately.

The main assumptions underlying two-way repeated measures ANOVA were met;
1) one dependent variable that is measured at continuous level (all COP parameters
are measured at continuous level); 2) presence of two within-subject factors
(cognitive task & light touch); 3) no significant outliers (no significant outliers in any
combination of levels of the two within-subjects factors); 4) normal distribution (the
dependent variable is normally distributed in the population for each level of the
within subjects factor); 5) sphericity (variance of the differences between any levels

of a within-participants factors are equal across all the groups in the population).
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CHAPTER IV

RESULTS

The purpose of this thesis was to investigate the individual and combined effects of
light touch and cognitive task difficulty on postural control. The current chapter
presents detailed information about the results of this thesis in two sections. In the
first section, descriptive statistics are presented; in the second section, main
findings are presented under three categories (cognitive task + light touch
interaction, the main effects of cognitive task, and the main effects of light touch,

respectively) in relation with the hypotheses.

4.1. Descriptive Statistics

In the experiment, 18 voluntary participants (10 males & 8 females) aged between
18-40 years were included. The sample size was chosen based on an estimated
effect size of 0.31, which was averaged from three similar studies [0.42 (Lee, 2018),
0.31 (Dos Santos et al., Combined effects of the light touch and cognitive task affect
the components of postural sway, 2019) and 0.43 (Chen, Chu, Pan, & Tsai, 2018).
Using G*Power software (GPower 3.1), an estimated sample size of 18 participants
were recommended to appropriately observe statistical significance at the 0.05

alpha level with a power level of 0.8.

Participants performed six experimental conditions consecutively in a randomized
order: (1) No Cognitive Task + No Light Touch, (2) Easy Cognitive Task + No Light
Touch, (3) Difficult Cognitive Task + No Light Touch, (4) No Cognitive Task + Light
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Touch, (5) Easy Cognitive Task + Light Touch, (6) Difficult Cognitive Task + Light
Touch. Each experiment consisted of three trials, and the average value of the three
trials was considered. The means and standard deviations of six experimental

conditions are presented in table below (Table 4.1).

Table 4.1. The means and SD of COP Parameters in Light Touch (LT) and No Light
Touch (No LT) Conditions

No Cognitive Easy Cognitive Difficult

COP Parameters Task Task Cognitive Task

Mean SD (%) Mean SD (%) Mean SD (1)

COPea 1070 717 1615 803  17.03 .71
COPVEL 492 121 508 134 531 122
COPrange AP 1124  3.80  10.16 338 974  2.36

o COPrangeML 7.62 177 661 176 696  2.60
RMSAP 2.32 83 2.00 63 1.81 40
RMSML 1.59 42 1.36 42 1.46 62
COPea 2254 150 1745 996 1660 .61
COPVEL 681 166 650 129 671  1.30

No COPrangeAP 2254 637 1746 423 1660  2.58

LT coprangeML 1048 353 838 257 891  3.60
RMSAP 489 157  3.50 81 3.24 55
RMSML 2.12 77 1.67 59 1.66 65

4.2. Main Findings

Two-way repeated measures ANOVA were run to determine the effect of light touch
and cognitive task difficulty on six COP measures (COP ellipse area, COP mean

velocity, COP range in AP direction, COP range in ML direction, COP rms in AP
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direction, COP rms in ML direction). Analysis of the studentized residuals showed
that there was normality, as assessed by the Shapiro-Wilk test of normality and no
outliers, as assessed by no studentized residuals greater than + 3 standard
deviations for all five two way repeated-measures ANOVA. Cognitive task x Light
touch interaction was found in four COP parameters (COP range AP, COP range ML,
COP rms AP, COP rms ML). The findings of interaction are presented table below
(see Table 4.2).

Table 4.2. Repeated measures Analysis of Variance for CT x LT Interaction

COP Parameters ) df MS F p n?

COPVEL 10.410 1.718 6.058 6.225 .008 .268
COPrange AP 1137.75 1.630 697.79 76.586 <.001 489
COPrange ML 94.038 2 47.019 14.252 «.001 456
RMSAP 67.987 17.000 52.603 75.295 <.001 .816
RMSML 3.912 2 1.956 11.226 «.001 .398

4.2.1. Cognitive Task x Light Touch Interaction

COP Mean Velocity: Mauchly's test of Sphericity indicated that the assumption of

sphericity has been violated, Mauchly’s W=.431, x?(2) = 13.454, p <.05. Hence, the
sphericity violations were corrected by the Greenhouse-Geisser estimation. There
was no statistically significant interaction between light touch and cognitive task on
COP mean velocity, F(1.275, 21.675) = .937, p =.367, partial n? =.052 (see Figure 4.1

and Table 4.3). Therefore, main effects were run.
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Table 4.3. Repeated measures Analysis of Variance for Cognitive Task (CT) x Light
Touch (LT) Interaction and Main Effects of CT and LT for COP Mean Velocity

COP range AP ) df MS F P n?
CTxLT 1.435 1.275 1.126 .937 .367 .052
CcT .876 1.629 .537 .555 .545 .032
LT 66.357 1 66.357 78.959 <.001 .823
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Figure 4.1. Interaction Graph for COP Mean Velocity

COP Ellipse Area: Mauchly's test of Sphericity indicated that the assumption of

sphericity has been violated, Mauchly’s W=.679, x2(2) =6.197, p <.05. Therefore, the

sphericity violations were corrected by the Huynh-Feldt estimation. There was a

statistically significant interaction due to the cognitive task difficulty between light

touch and cognitive task on COP ellipse area, F (1.630, 27.718) = 76.586, p <.001,

partial N2=.818 (see Figure 4.2 & Table 4.4). Therefore, simple main effects were

run.
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Table 4.4. Repeated Measures Analysis of Variance for Cognitive Task (CT) x Light
Touch (LT) Interaction and Simple Main Effects of CT and LT for COP Ellipse Area

COP rms ML ) df MS F p n?
Interaction
CTxLT 1137.74 1.275 113 76.586 <001 .818
Simple Main ~ NOLT 371.80 1.302 28547 11.198  .002 .397
Effects of T
Cognitive Task 21.64 2 10.82 2183 .128 .114
No CT 1148.54 1 114854 39.018 <.001 .697
Simple Main
Effect of Light sy CT 478.98 1 47898 74.091 <001 .813
Touch .
Difficult CT 455 72 1 42272 84875 <001 .833
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Figure 4.2. Interaction Graph for COP Ellipse Area

COP Range in AP Direction; Mauchly's test of Sphericity indicated that sphericity

assumption has been violated, Mauchlys W=.414, x?(2) = 14.122, p <.05. Sphericity
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violations were corrected by Greenhouse-Geisser estimation. There was a

statistically significant interaction due to cognitive task difficulty between light

touch & cognitive task on COP range in AP direction F (1.261, 21.433) =4.129, p =

.047, partial n?=.195 (see Figure 4.3 & Table 4.5). Hence, simple main effects were run.

Table 4.5. Repeated Measures Analysis of Variance for Cognitive Task (CT) x Light
Touch (LT) Interaction & Simple Main Effects of CT & LT for COP Range in AP

Direction
COoP
AP ) df MS F p n?
Interaction ranse
CTxLT 107.85 1.315 82.03 4,129 .044 195
Simple Main No LT 371.80 1.302 285.47 11.198 .002 .397
Effects of
Cognitive Task LT 21.64 2 10.82 2.183 128 114
No CT 1148.54 1 1148.54 39.018 <«001 .697
Simple Main
Effect of Light Easy CT 109.90 1 478.98 74.091 «001 .813
Touch e
D'fz';“'t 42272 1 42272 84.875 <001 .833
Light Touch
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Figure 4.3. Interaction Graph for Range in AP Direction
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COP Range in ML Direction: Mauchly's test of Sphericity indicated that the

assumption of sphericity was met for the two-way interaction, Mauchlys W=.853,
x%(2) = 2.540, p=.281. There was a statistically significant interaction between light
touch and cognitive task on COP range in ML direction due to the cognitive task
difficulty, F (2, 34) = 14.452, p <.001, partial n? =.456 (see Figure 4.4 & Table 4.6).

Therefore, simple main effects were run.

Table 4.6. Repeated Measures Analysis of Variance for CT x LT Interaction and Simple
Main Effects Simple Main Effects of CT and LT for COP Range in ML Direction

CcopP
range ML

CTxLT  94.038 2 47.019 14.252 <.001 .456

) df MS F p n?
Interaction

Simple Main No LT 371.80 1.302 285.47 11.198 .002 397
Effects of

Cognitive Task LT 21.641 2 10.820 2.183 128 114
No CT 73.884 1 73.884 15.267 .001 .473
Simple Main
Effect of Light Easy CT  28.025 1 28.085 10.572 .005 .383
Touch Difficult

cT 33.107 1 33.107 5.714 .029  .252

COP RMS in AP Direction: Mauchly's test of Sphericity indicated that the assumption

of sphericity has been violated, Mauchlys W=.679, x?(2) = 6.197, p <.05. Hence, the
sphericity violations were corrected by the Huynh-Feldt estimation. There was a
statistically significant interaction between light touch and cognitive task on COP
rms in AP direction due to the cognitive task difficulty F (1.630, 27.718) = 76.586, p
=<.001, partial n?=.818 (see Figure 4.5 & Table 4.7). Therefore, simple main effects

were run.
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Figure 4.4. Interaction Graph for COP Range in ML Direction

Table 4.7. Repeated measures Analysis of Variance for CT x LT Interaction and Simple
Main Effects of CT and LT for COP Rms in AP Direction

COQP SS Df MS F P n?
Interaction rms
CTxLT 1137.74 1.630 697.792 76.586 <.001 .818
Simple Main NolT 371.80 1.302 285.47 11.198 .002 .397
Effects of
Cognitive Task LT 21.641 2 10.820 2.183  .128 .114
NoCT  59.235 1 59.235 41.115 <.001 .707
Simple Main
Effect of Light Easy CT  19.940 1 19.940 60.634 <.001 .781
Touch iec
D'i’;”'t 18377 1 18.377 91.716 <.001

COP RMS in ML Direction: Mauchly's test of Sphericity indicated that the assumption

of sphericity was met for the two-way interaction, Mauchly’s W=.853, x2(2) =

2.540, p=.281. There was a statistically significant interaction between light touch

and cognitive task on COP rms in ML direction due to the cognitive task difficulty, F
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(2, 34) =14.252, p <.001, partial n2 =.456 (see Figure 4.6 and Table 4.8). Therefore,

simple main effects were run.
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Figure 4.5. Interaction Graph for COP RMS in AP Direction
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Table 4.8. Repeated measures Analysis of Variance for CT x LT Interaction and Simple
Main Effects of CT and LT for COP Rms in ML Direction

cop
M[ms SS df MS F p n?
Interaction
CTx LT 3.912 2 1.956 11.226 <.001 .398
Simple Main No LT 2.485 2 1.243 6.106 .005 .264
Effects of
Cognitive Task LT 21.641 2 10.820 2.183 128 114
No CT 2.485 1 2.485 12.250 .003 419
Simple Main
Effect of Light Easy CT 2.134 1 .876 6.980 .017 291
Touch e
D'T;“'t 359 1 359 1.187 .291  .065
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Figure 4.6. Interaction Graph for COP RMS in ML Direction

4.2.2. Main Effects of Cognitive Task

COP Ellipse Area: During no light condition, the effect of cognitive task was

statistically significant, F (1.302, 22.141) = 11.198, p = .002, partial n2 = .397,
however, during light touch condition, the effect of cognitive task not statistically

significant, F (2, 34) = 2.183, p =.128, partial n2 =.114 (see Figure 4.7).

COP Mean Velocity: The main effect of cognitive task showed that there was no

statistically significant difference in COP mean velocity between touch conditions, F

(.876, 26.818) =.555, p =.545 (see Figure 4.8).
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Figure 4.7. Mean COP Ellipse Area in Cognitive Task Conditions
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Figure 4.8. Mean COP Mean Velocity in Cognitive Task Conditions
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COP Range in AP _and ML in Direction: During no light condition, the effect of

cognitive task was statistically significant both in AP direction, F (1.366, 23.222) =
11.198, p = .001, partial n?= .367, and in ML direction, F (1.302, 22.141) =
11.198, p = .002., n? = .397. During light touch condition, however, the effect of
cognitive task was not statistically significant in AP direction, F (1.701, 28.925) =
137, p = .145, partial n? = .114 (see Figure 4.9), and in ML direction, F (2, 34) =
2.183, p =.128., n? =.114 (see Figure 4.10).
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Figure 4.9. Mean COP Range in AP Direction in Cognitive Task Conditions
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Figure 4.10. Mean COP Range in ML Direction in Cognitive Task Conditions

COP Rms in AP and ML Direction: During no light condition, the effect of cognitive

task was statistically significant both in AP direction, F (1.302, 22.141) =
11.198, p=.002, partial n? =.397, and in ML direction, F (2, 34) = 6.106, p=.004, partial
n? =.264. During light touch condition, however, the effect of cognitive task was not
statistically significant both in AP direction, F (2, 34) = 2.183, p=.128 (see Figure
4.11), partial n? =.114, and in ML direction, F (2, 34) = 2.183, p=.128, partial n?> =.114
(see Figure 4.12).

4.2.3. Main Effects of Light Touch

COP Ellipse Area: During all cognitive task situations COP ellipse area was greater in

no light condition than light touch condition and the results indicated that they were

statistically significant.
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Figure 4.11. Mean COP Rms in AP Direction in Cognitive Task Conditions

Mean differences for COP ellipse area were 11.297 mm?, 95% Cl [7.481 to 15.112],

F(1, 17) = 39.018, p <.001, n2 = .697; 7.295 mm?, 95% Cl [5.507 to 9.083], F(1, 17)
74.091, p<.001, n?= .813; 6.853 mm? 95% Cl [5.284 to 8.423], F(1, 17)

84.875, p <.001 n? = .833, during no cognitive task, easy cognitive task, and difficult
cognitive task conditions, respectively(see Figure 4.13).
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Figure 4.12. Mean COP Rms in ML Direction in Cognitive Task Conditions
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Figure 4.13. Mean COP Ellipse Area in Light Touch Conditions
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Figure 4.14. Mean COP Mean Velocity in Light Touch Conditions
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COP Mean Velocity: Mean COP mean velocity was 1,57 m/s, 95% CI [1.195 to 1.940]

higher at the no light condition as opposed to the light touch condition, a difference

that was statistically significant, F (1, 17) = 0.40, p <.001 (see Figure 4.14).

COP Range in AP and ML Direction: During all cognitive task situations both COP

Range in AP and ML direction was greater in no light condition than light touch

condition, which was statistically significant.

Mean differences for COP range in AP direction were 11.297 mm, 95% CI [7.481 to
15.112], F(1, 17) = 39.018, p <.001, n? = .697; 7.295 mm, 95% CI [5.507 to 9.083],
F(1, 17) = 74.091, p <.001, n? = .813; 6.853 mm, 95% ClI [5.284 to 8.423], F(1, 17) =
84.875, p <.001 n? = .833, during no cognitive task, easy cognitive task, and difficult

cognitive task conditions, respectively (see Figure 4.15).
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Figure 4.15. Mean COP Range in AP Direction in Light Touch Conditions
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Mean differences for COP range in ML direction were 2.865 mm, 95% Cl [-1.318 to
4.412], F(1,17) = 15.267, p =.001., n? = .473; 1.765 mm, 95% CI [.620 to 2.910], F (1,
17) = 10.572, p =.005., n?= .383; 1.918 mm, 95% Cl [.225 to 3.611], F (1, 17) =
5.714, p =.029., n? = .252, during no cognitive task, easy cognitive task, and difficult

cognitive task conditions, respectively (see Figure 4.16).
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Figure 4.16. Mean COP Range in ML Direction in Light Touch Conditions

COP Rms in AP and ML Direction: During all cognitive task situations both COP Rms

in AP and ML direction was higher in no light condition than light touch condition,

which was statistically significant.

Mean differences for COP rms in AP direction were 2.565 mm?, 95% CI [1.721 to
3.410], F (1, 17) = 41.115, p <.001, n? = .707; 1.488 mm?, 95% CI [1.085 to 1.892], F
(1, 17) = 60.634, p <.001, n? = .781; 1.429 mm?, 95% C| [1.114 to 1.744], F (1, 17) =
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91.716, p <.001 n? = .844, during no cognitive task, easy cognitive task, and difficult

cognitive task conditions, respectively (see Figure 4.17).

Mean differences for COP rms in ML direction were .525 mm?, 95% CI [.209 to .842],
F (1, 17) = 12.250, p =.003, n2 = .419; .312 mm?, 95% CI [.063 to .561], F (1, 17) =
6.980, p =.017, n2 =.291; .200 mm?, 95% CI [.187 to .586], F (1, 17) = 1.187, p =.291
n2 = .065, during no cognitive task, easy cognitive task, and difficult cognitive task

conditions, respectively(see Figure 4.18).
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Figure 4.17. Mean COP Rms in AP Direction in Light Touch Conditions
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Figure 4.18. Mean COP Rms in ML Direction in Light Touch Conditions

Overall results indicated that there was an interaction between cognitive task and
light touch on all COP parameters except for COP mean velocity. The statistically
significant effect of cognitive task was present in all COP parameters (except for COP
mean velocity) only during no light touch condition. In addition, difficult cognitive
task was more effective than easy cognitive task in reducing postural sway. The

presence of light touch had a statistically significant effect on postural control.
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CHAPTER V

DISCUSSION

This study was conducted to understand the combined effects of light touch (LT)
and cognitive task (CT) difficulty on postural control. We investigated how the
postural task would be affected by the presence of light finger touch and
none/easy/difficult cognitive task. As stated in the problem statement part, the
literature indicates concordant results about the positive effect of light touch on
postural control, while there’s no consensus on the effect of concurrent cognitive
tasks’ effects on postural control. On the other hand, there’s a limited number study
concerning the combined effects of cognitive tasks and light touch. Therefore, this
thesis aimed to create two levels of difficulty of the cognitive task (modified Stroop
test) which was used to a lesser degree in dual-task studies, and investigate its

individual and combined effects with a light touch on postural control.

5.1. The Individual Effects of Cognitive Task

The first hypothesis was that the increased level of cognitive task difficulty would
have a positive effect on postural control. The first part of the experiment was to
quietly stand with no cognitive task, then with an easy cognitive task, and then with
a difficult cognitive task. During these experiments, it was observed whether there
were significant changes in the trajectories of CoP. It was expected that the difficulty
of cognitive tasks would significantly affect postural control, by enhancing postural

control. As expected, cognitive task difficulty resulted in significant differences in all
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COP parameters except for COP mean velocity during quiet stance. This was one
possible outcome of dual-task performance proposed by Plummer et al., (2013). As
stated earlier, there are nine possible scenarios in dual-task situations. The possible
outcomes are: (1) no interference, (2) cognitive-related motor interference, (3)
motor-related cognitive interference, (4) motor facilitation, (5) cognitive facilitation,
(6) cognitive-priority trade-off, (7) motor-priority trade-off, (8) mutual interference,
or (9) mutual facilitation (also see Table 2.1). In our results, motor facilitation
(cognitive performance remains stable while motor performance improves) was
observed. In other words, there was no dual-task interference. Furthermore, it was
demonstrated that performing a difficult concurrent cognitive task resulted in a
decrease in postural sway in comparison with easy cognitive task. These results are

concordant with many studies in the literature.

Why there was no significant difference observed in COP mean velocity unlike other
COP parameters? In literature there are studies which indicate similar results
Roerdink et al., (2006); (Lajoie, Richer, Jehu, & Tran Ylan, (2016); Lee Y. G., (2018).
Roerdink et al., (2006) investigated the recovery of balance in stroke patients by
assessing COP trajectories. COP velocity in the sagittal plane was higher during the
dual task, which was regarded as an indicator that patients ‘stiffened up' to some
degree, maybe because of enhanced alertness. Therefore, the increase in COP mean
velocity is correlated with stiffening strategy. Lajoie, Richer, Jehu, & Tran Ylan,
(2016) argues that increased frequency values are due to the usage of a more
automated postural control system (McNevin &Wulf, 2002). Greater joint or muscle
stiffness was observed during an external focus compared to an internal focus and
was interpreted as a posture improvement. Likewise, in our study, the increased

level of cognitive task difficulty resulted in increased COP mean velocity.

Polskaia & Lajoie (2016) investigated cognitive task demand and postural control.
Seventeen young adults (23.71 + 1.99 years) were asked to stand feet together on a

force platform and perform concurrent cognitive tasks (visual and auditory) at three
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different difficulty levels: easy, moderate, and difficult. The visual task was counting
the occurrence of one or two numbers. The auditory task was counting the
occurrence of the letters and repeating a string of words. The increase in cognitive
task difficulty resulted in a reduction in 95% confidence ellipse and ML sway
variability. However, there was no significant difference between the moderate and
difficult level tasks. Also, there was a difference between the effects of visual and
auditory tasks. While auditory tasks led to an increase in COP irregularity, the visual
tasks led to a decrease in ML sway variability. The results obtained are consistent
with our findings. These results are explained by the view that withdrawing
attention away from the postural control facilitates the automatic control
processes. The external emphasis (cognitive task) may have helped automatic
processes to control sway more efficiently by diverting conscious attention away

from sway and toward movement consequences (Wulf, McNevin, & Shea, 2001).

A study was undertaken to investigate dual-task conditions with modifying the
difficulty level of the cognitive task as well as the balance task. 98 healthy women
(aged between 18-27 years) participated in the study. The reason why only women
were included was due to the difference in average center of pressure (COP)
location among genders. The levels of motor tasks include (1) standing with feet
together(easy), (2) standing with feet together with the stimulation of concurrent
vibration of the bilateral gastrocnemius muscles (medium), and (3) tandem stance
(difficult). Brooks' tasks with spatial and nonsense sentences were chosen as
cognitive tasks. In the spatial Brooks' task, participants are instructed to listen to a
series of sentences in which the location of numbers in a 4x4 grid is described. In
the nonsense part of the Brooks' task, the words of direction: right, left, up, and
down were replaced with good, bad, quick, and slow. The Brooks' tasks were
modified to have two levels of difficulty. Balance tasks were performed concurrently
with Brooks' tasks and without a cognitive task. As a result, performing a difficult
cognitive task concurrently with a balance task led to a decrease in postural sway

regardless of the difficulty of the balance task. These results are in line with the
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findings of this thesis; however, we didn’t modify the difficulty level of the postural
task. Swan, Otani, & Loubert, (2007) created three levels of motor task as
abovementioned unlike in our study (only quiet stance as the motor task). An
important question that exists is why postural sway reduced when people perform
a difficult motor task in combination with difficult cognitive task. This is explained
because of directing attention away from the balance task. Thus, an individual
becomes less responsive to the balance-related cues and prevents overcorrections
(Swan, Otani, & Loubert, 2007). Also, this might be explained by the view proposed
by Beilock, Carr, MacMahon, & Starkes, (2002). They claimed that focusing on motor
skills was found to disrupt the performance of skilled performers but did not affect
beginners and concluded that when a motor skill becomes automatic, focusing on

the skill may undermine the performance of the skill.

Bustillo-Casero, Villarrasa-Sapifa, & Garcia-Masso, (2017) compared the dual-task
performance of adolescents and young adults. The postural task consisted of three
different conditions 1) bipedal stance, 2) tandem stance and 3) unipedal stance
while the cognitive task consisted of a backward digit span test at three different
difficulty levels: (i.e., backward digit span test with 3, 4, and 5 digits). In these tasks,
subjects were asked to memorize the sequence of numbers and then repeat the
number in reverse order. The results indicated that cognitive task difficulty affected
adolescents and young adults differently. Adolescents prioritized postural tasks
during a difficult cognitive task. Furthermore, they reduced their postural control
during easy postural tasks, whereas they didn't reduce their postural control during
difficult postural tasks as the difficulty of cognitive tasks increased. This indicates
that there is a competition for attentional resources between the two tasks at the
low-difficulty postural task. Adolescents seem to focus on postural control when
performing difficult postural tasks and prioritize postural tasks to avoid falls. On the
other hand, young adults showed no difference in postural task conditions as the
difficulty level of the cognitive task changed. However, a lower level of postural

control in comparison to adolescents was observed in young adults with the
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increasing difficulty level of the postural task. The resources necessary to carry out
cognitive and postural control tasks at the same time do not seem to be shared
among young people. These results are not concordant with our study and there
might be two explanations to it. First, the postural task adopted in this thesis is not
modified in terms of the level of difficulty, and it is a relatively easier motor task.
Increasing the difficulty level of motor task might have occupied the more of
attentional sources thereby resulting in a decrease in postural control when dual-
task was performed. Secondly, the attentional demands of the difficult cognitive
task used in the study of Bustillo-Casero, Villarrasa-Sapiia, & Garcia-Masso, (2017)
might be higher than the difficult cognitive task used in our study. We can
hypothetically claim that these concordant results are due to the difference in
difficulty levels of cognitive tasks. Quiet stance is a well-learned daily task and
doesn’t require too much of attentional sources (Bronstein, Brandt, Woollacott, &
Nutt, 1996). Furthermore, as abovementioned, it's not possible to objectively

determine the attentional demands of diverse cognitive tasks.

Dault & Duysens, (2001) studied dual-task methodology by modifying the levels of
difficulty of both motor task and cognitive task. The motor task involved (1)
shoulder-width stance on the force plate, (2) shoulder-width stance while each foot
was placed on the force plate, and (3) tandem stance on the seesaw placed on the
force plate and cognitive tasks involved three different modified versions of Stroop
test. The level of difficulty didn't result in any significant changes in all postural task
situations, however, the addition of a cognitive task independent from their
difficulty level, led to stiffness in tandem seesaw stance. These results are similar to
our findings in some respects. We didn't observe any significant changes by altering
the level of difficulty of the Stroop test either, however, during no light touch
condition cognitive task had significant main effects on postural sway. Furthermore,
the findings of this thesis demonstrated that increasing the difficulty level of the
Stroop test resulted in moderate improvement in postural control. This might have

resulted due to performing a relatively easier and well-learned motor task (quiet
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stance). In the study of Dault & Duysens, (2001), a challenging motor task might
have occupied the more of attentional sources. When standing with the well-
learned posture (shoulder width posture), the increase in cognitive tasks caused
little changes, indicating that the posture might require only a minimum amount of
attention. When the seesaws are added to this position, the addition of cognitive
tasks resulted in an increase in stiffness as a commonly adopted synergistic

adaptation to achieve more critical stable posture.

Pellecchia, (2003) examined the difficulty level of the cognitive task within the dual-
task paradigm and showed that the rise in the level of difficulty increased postural
sway. What might have caused the more different findings than in our study? There
might be two possible explanations to it. First, in the study of Pellecchia (2003), a
foam pad was used to create a more compliant surface. Since the motor task
became more demanding, this might have caused dual-task interference by
exceeding the limited capacity of attention. Secondly, the type of cognitive tasks
used for the studies might have created different difficulty levels and their type
might have resulted in different influences. In the study of Pellecchia, (2003) digit
reversal, 2-bit classification, and counting backward by 3 (working memory and
attention involved) were used unlike in our study (attention, planning and
information processing involved). The type of cognitive task can deliberately
influence the cognitive-motor interference in various populations (Ebersbach,
Dimitrijevic, & Poewe, 1995). In literature it is not well established how the type of
cognitive task effects cognitive-motor interference, however, there are studies
comparing the cognitive demand of different type of cognitive tasks. For instance, it
was suggested that Stroop test has higher complexity than simple reaction time task
(Dalecki, Bock, & Hoffmann, 2013). On the other hand, Patel, Lamar, & Bhatt (2014)
compared the effects of four different type of cognitive task in dual-task paradigm.
Subjects performed (1) visuomotor reaction time, (2) word-list generation, (3) serial
subtraction, (4) Stroop task while walking. Results indicated that during the

performance of Stroop task, motor task’s cost was the highest. It was inferred that
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Stroop task required higher processing resources than other cognitive tasks did. It is
not possible to determine and define the difficulty levels of the cognitive tasks due
to the lack of clarity in the framework for the concept of difficulty level for the
cognitive task in literature. However, one can only speculate that the cognitive tasks
at different types or different difficulty levels might yield different results within the

dual-task paradigm.

Unlike other studies, Zeren, (2019) created individualized difficulty levels for the
cognitive task for each participant (zero/medium/high). Participants performed
cognitive tasks with two different postural tasks concurrently: sway in accordance
with metronome beat and quiet stance. Results indicated that cognitive task didn't
have a significant effect on sway parameters during quiet stance whereas it had a
significant effect on sway parameters during sway condition by decreasing postural
control. This result supports the idea that creating enough difficulty in one or both
tasks result in a dual-task cost (Plummer et al., 2013). Performing “quiet stance” did
not create enough difficulty to cause a dual-task cost, whereas performing a
relatively difficult postural task; "sway in accordance with the metronome" resulted
in a deterioration in the postural task. This can be interpreted with the central
capacity sharing model which suggests that there is a limited capacity of attention.
Therefore, tasks are opted as "to be performed" tasks (McLeod, 1977; Tombu &
Jolicoeur, 2003). In this case, the cognitive task didn’t create enough difficulty to
cause an interference during a relatively easier task (quiet stance), however, when
the difficulty of the motor task was increased one of the tasks was chosen as "to be
performed" task, and participants comprised postural task to achieve cognitive task
successfully. The successful execution of goal-oriented actions required
modifications to one of the actions to complete the entire action plan (Allport,

1989).

The findings of this study were in line with the findings reported by Riley, Baker, &

Schmit, (2003). According to the attention literature, the results can be explained by
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several theories. First, it can be explained by shifting attention away from the body
activates automatic control processes. Directing attention to a non-postural task
may have been helpful in not monitoring postural tasks continuously. Also, the
difficult cognitive task might have been more effective in reserving focus away from
postural tasks due to the higher cognitive demand (McNevin & Wulf, 2002). In line
with this view, concurrent cognitive task decreased postural sway, withal, increasing
the difficulty level of the cognitive task decreased postural sway even more.
Secondly, these results can be explained multiple sources theory of attention.
According to this theory, if two tasks don’t require common limited resources, they
do not interfere with each other (Navon & Gopher, 1979; Wickens, 1980). In this
study, no cognitive-motor interference occurred on none of the cognitive task
situations, neither easy cognitive task nor difficult cognitive task. We may therefore
assume that the cognitive task (Stroop test) and the motor task (quiet stance) do
not require the common limited resources. However, this view is very hypothetical
since we cannot evaluate precisely which attentional sources these tasks require.
Lastly, the results can be interpreted by the view of Navon & Miller, (1987). They
proposed that if two tasks use similar domains or neural processors, the efficiency
of processing might increase by facilitation due to the use of less attentional
resources. Although there is no clear evidence to support this theory, there is no
opposing evidence either. If it is assumed that two tasks (cognitive task & motor
task) use similar domains or neural processors, our results can be explained as a

facilitation of the motor task by this theory.

5.2. The Individual Effect of Light Touch

The second hypothesis was that adding light finger touch to the postural control task
would have a positive effect on postural control. The second part of the experiment
comprised of touching/ or no touching on a stable metal surface with a force that
does not exceed 1IN in combination with cognitive task situations

(none/easy/difficult). During these experiments, it was observed whether there
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were significant changes in the trajectories of CoP. As it was predicted, light touch
had a significant effect on postural control by reducing sway. These results are

concordant with the findings of previous studies in the literature.

Contribution of this study was to provide evidence to understand the effect of light
touch in combination with various cognitive task situations (none/easy/difficult). It
was observed that with the increasing level of task difficulty, the addition of light
touch became less effective in terms of decreasing sway. These results are in
accordance with the literature findings that touching a stationary surface with light
finger touch decreases body sway (Jeka & Lackner, 1994; Jeka J. J., 1997; Tremblay,
Mireault, Dessureault, Manning H, & Sveistrup, 2004). In this study, the magnitude
of force applied by fingertip was no more than 1IN which is considered as the
magnitude which doesn’t provide mechanical support (Holden, Ventura, & Lackner,
1994; Jeka J. J., 1997). That's why the improvements in postural control cannot be
associated with additional support. The effect of light finger touch on decreasing
postural sway is explained by the presence of additional somatosensory information
that is obtained by the cutaneous mechanoreceptors and kinesthetic
mechanoreceptors (Baldan, Alouche, Araujo, & Freitas, 2014; Diener, Dichgans,
Guschlbauer, & Mau, 1984). Another possible explanation for the effectiveness of
light touch in improving postural control is that it triggers postural muscles,
especially trunk muscles, which are not as much as active without finger touch (Jeka
J. J.,, 1997). However, in this study, no evidence can be proved to support this
explanation since there is no data collected regarding muscle activity. The
methodology of this study cannot differentiate the mechanism of how light touch
improves postural control due to the lack of muscle activation data and the use of

different somatosensory conditions.
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5.2.1. Cognitive Task Light Touch Interaction

The third hypothesis was that there would be a significant interaction between
cognitive task difficulty and light touch on postural sway. It was expected that during
simultaneous execution of the cognitive task and light touch, there would be a
significant change in the trajectories of COP. To test this hypothesis, participants’
postural sway was tested in a combination of light touch and the cognitive task at
two levels of difficulty (easy/difficult). The results indicated that simultaneous
performance of the cognitive task and light touch had a significant interaction on
postural sway during quiet stance and this interaction was due to the cognitive task

difficulty.

Lee, Goyal, & Aruin, (2018) also found a significant interaction between cognitive
tasks and light touch. In this experiment, the cognitive task consisted of counting
aloud backward subtracting by three from a randomly chosen three-digit number
and the force applied to the surface by light finger touch was limited to 1N likewise
in our study. Researchers found that while the individual performance of cognitive
tasks led to an increase in postural sway, light touch caused a decrease in postural
sway. However, their simultaneous performance neutralized each other's effect; no
change was observed in postural sway. Differently, in this thesis, two levels of
difficulty for the cognitive task were introduced. In contrast, it was observed that
the presence of cognitive tasks improved postural control. Moreover, increasing the
cognitive task difficulty improved postural control, although this increase was not
significant. The light touch had a significant effect on postural control in all cognitive
task situations (none/easy/difficult). The same author conducted a similar study by
adding vision/no vision conditions among older adults who had a stroke (Lee, Curuk,
& Aruin, 2021). Similarly, there was a significant interaction between cognitive task
and light touch and their counteract effects neutralized each other. These conflicting
results in terms of the effects of the cognitive task may be explained by the

differences in cognitive tasks. The types of the cognitive tasks used in these studies
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are different from the ones used in this study and their difficulty levels cannot be
compared as well. Therefore, one cannot differentiate between these cognitive
tasks in terms of their cognitive demand. Cognitive demand, often known as
cognitive load, is a multidimensional term that reflects the relationship between
task-generated processing demands and learner skills (Bachman, 2002; Paas & van
Merriénboer, 1994). In other words, depending on the extent of challenge
individuals face during task completion, any measurement of cognitive load will be
influenced by their individual characteristics. As a result, cognitive load evaluation
does not allow for the measurement of task difficulty in isolation. Rather, it allows
determining the degree of cognitive effort generated by a task complexity

manipulation (Révész, Michel, & Gilabert, 2016)

Chen & Tsai, (2015) investigated the effects of light touch on postural sway and
visual search accuracy and reached the result of interaction between cognitive task
and light touch on head and torso sway. This thesis didn’t investigate the changes in
head and torso sway which would lead to more precise results. Also, it might be
important to understand the changes sway in the head and torso as the participants
were required to verbalize words during cognitive task situations. It would have
provided more precise outcomes to interpret the results in more detail. Besides, it
was observed that the presence of light touch improved cognitive task performance.
The reason why the simultaneous execution of light touch and cognitive task
improves the success of cognitive task can be explained by functional integration
theory proposed by Riccio & Stoffregen, (1988). Functional integration theory
supports the idea that postural sway can be modified to achieve and even improve
a non-postural task. Stoffregen proposed a plausible explanation for the functional
integration between postural control and the visual search task in terms of how
reduced postural sway might improve visual search task performance. Because the
eyes are placed on the head, postural sway would unavoidably shift their position in
space. For these reasons, increased postural sway would create more vision

disruptions, which would have a negative impact on the successful completion of
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tasks that require precise visual control. However, our study didn’t aim to evaluate
the effect of light touch on cognitive task performance because a different type

cognitive was adopted.

Dos Santos et al. (2019) investigated the combined effects of the light touch and
cognitive task on the components of postural sway. They computed COP, Rambling
(the migration of reference points in which the body is momentarily in equilibrium)
and Trembling (deviation of the COP trajectory from these equilibrium points) mean
amplitude and found that there was an interaction between cognitive task and light
touch on COP and rambling mean amplitude. The simultaneous performance of
cognitive task and light touch reduced postural sway. Also, the independent effects
of the LT or CT on postural sway were verified and extended to the circumstance in
which both were done at the same time. Because of the varied combined effects of
LT and CT on COP components, particularly the Rambling, postural sway was

minimized.

Similar to this thesis, Batistela, Oates, & Moraes, (2019) created two types of
cognitive task (visual and auditory), however, there was no difference in difficulty
levels alleged. The visual task comprised of a modified Stroop test at which subjects
were asked to mentally count the numbers of congruent displays of word-color
while the auditory task was the digit-monitoring task where 22 random numbers
between 1 and 9 were presented via headphones and participants were asked to
count the numbers of target numbers determined in advance mentally. There was
no interaction found between cognitive task and touch condition. What might have
caused different results in terms of interaction? First, the postural task was to stand
quietly on a wooden balance beam which was more challenging than standing on a
flat surface. The presence of a more challenging task might have exceeded the
attentional capacity. The resources are split into “to-be-performed” tasks in the
capacity sharing paradigm; in other words, capacity sharing can be willingly

allocated to a specific work. Cognitive-motor interference occurs as a result of the
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parallel processor's limited capacity. Secondly, in this thesis cognitive task involves
verbalization whereas in the study of Batistela, (2019), cognitive tasks required
mental evaluation. In other words, during the test, the subjects were not required
to express cognitive task outcomes verbally. Verbalization while quietly standing can
introduce biomechanical and respiratory artifacts (Madeleine, Nielsen, & Arendt-
Nielsen, 2011). The internal activities of the body, like as respiration, have an impact
on quiet stance (Jeong, 1991). Some researchers suggest that the addition of
verbalization due to the increased respiration rate may affect postural control by
increasing CoP frequency (Dault, Yardley, & Frank, 2003; Yardley, Gardner,
Leadbetter, & Lavie, 1999; Pascal, Mogens, & Arendt-Nielsen, 2011). As the rate of
respiration increases, so does body sway. However, we cannot evaluate the
individual effect of verbalization in our study to document the differences in results.
On the other hand, since the number of numbers expressed by the subjects remains
stable, the errors introduced by these artifacts can be considered systemic

regardless of the level of posture and cognitive difficulty.
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CHAPTER VI

CONCLUSION

This study aimed to evaluate the combined effects of cognitive task difficulty and light finger
touch on postural control. Simultaneous performance of light finger touch and cognitive
task resulted in a decrease in CoP trajectories during quiet stance thereby improving
postural control. Individual performances of light finger touch and cognitive tasks also
resulted in a decrease on sway parameters during quiet stance. The presence of light touch
decreased postural sway during quiet stance in all cognitive task situations
(none/easy/difficult). The cognitive task difficulty did not have a significant effect on
postural sway parameters in the presence of light touch conditions. However, when there
was no light touch condition, difficult cognitive task was moderately more effective than

the easy cognitive task in decreasing postural sway during quiet stance.

6.1. Further Studies

Further studies that investigate the combined effect of cognitive task difficulty and light
finger touch should consider several issues. Firstly, the cognitive task type and difficulty
should be determined within a more concise frame. The type of cognitive task (executive
function, working memory, attention) or (visual/auditory) and the level of difficulty should
be tested in various experimental designs. Secondly, not only data from the force platform
on CoP but also the data from the head and torso sway should be obtained to have clearer
conclusions. In this thesis, since the data from the head and torso was not obtained, the
effect of verbalization on postural sway couldn’t be differentiated. Thirdly, setting up a
more significant difficulty level between the cognitive tasks might yield more precise results

to interpret in terms of the dual-task paradigm. The results of this study revealed that
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cognitive tasks at two levels of difficulty (easy/difficult) did not show a significant difference
in postural sway parameters. Creating the greater difficulty level gap between the cognitive
tasks might have helped to increase attentional demands more. Lastly, evaluation of the
cognitive task outcomes with and without the presence of light touch can provide
information regarding the effect of light touch on cognitive task performance. Only the
numbers of correct answers were calculated in this study, and it was found that there was
no significant difference in the number of correct answers in all experimental conditions.
Therefore, also the participants’ response speed in Stroop test should be calculated to

evaluate the performance of the cognitive task more elaborative.
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Below are graphs that illustrate COP graphs of a participant in light Touch and no

APPENDICES

A: SAMPLE COP GRAPHS

light touch conditions in combination with cognitive tasks (none/easy/difficult).
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C: TURKISH SUMMARY / TURKCE OZET

HAFiF DOKUNMA VE BiLiSSEL GOREV ZORLUGUNUN POSTUR KONTROLUNE
KOMBINE ETKiSi

GiRiS

Hayatimizin strdurilmesi icin, 6zellikle glinlik goérevler icin belirli bir diizeyde
postiral kontrol gereklidir. Gin icinde bilingli veya bilingsiz olarak

gerceklestirdigimiz bircok postiiral eylem vardir.

insan postiiral kontrolii antik Yunan'dan beri bir arastirma konusudur ve yercekimsel
bir ortamda denge ve yodnelimi koruyabilme yetenegi olarak tanimlanmaktadir.
Horak & (lvanenko & gurfinkel, 2018; Horak & Macpherson, 1996) Macpherson'a
(1996) gore, postiiral kontroliin iki davranissal amaci vardir: postiral oryantasyon
ve postliral denge. Postiral oryantasyon, viicut segmentlerinin birbirine ve cevreye
gore konumlandiriimasi olarak tanimlanabilir; postiirel denge ise viicut lizerinde
hareket eden tim i¢ ve dis kuvvetlerin istenen pozisyonu korumak icin dengede
oldugu bir durumdur. insan iki ayakli durusu stabil degildir, sakin bir durus
pozisyonunda bile, postiiral kontrol sistemi dik durusu sirdiirebilmek icin aktif kalr.
Bu karmasik sensorimotor gorev, omurilik, beyin sapi, beyincik ve korteksi iceren
cesitli norolojik yapilarin ¢alismasini gerektirir. insan dik durusunun saglanmasi,
sadece CNS'den gelen komutlara degil, ayni zamanda gorsel, somatosensori ve

vestibller girdilerin entegrasyonuna ve bu sistemlerin ¢evresel degisikliklere gore
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adaptasyonuna da baglidir (Rougier & Bonnet, 2016; Shumway-Cook & Woollacott,
2000).

Postiiral kontrol, insanlarin glinliik yasamlari boyunca ylritmeleri gereken izole bir
gorev degildir. Gunlik gorevlerimizin ¢ogu, sabit veya dinamik bir ortamda viicut
pozisyonunu korumak gibi cesitli zorluk seviyelerine sahip bilissel bir gorev ve
postiral bir gorevin kombinasyonunu icerir. Coklu gérev bicimi olarak, ¢ift gérev ayni
anda birden fazla gorevin yerine getirilmesidir (Lee & Taatgen, 2002) ve ginlik
yasamlarimiz boyunca yaygin olarak kullanilir (Wickens, 2008; Lee & Taatgen, 2002).
Bir insanin dikkat kapasitesinin ayni anda iki veya daha fazla gorevi yerine getirmekle
sinirh oldugu iyi bilinmektedir. Bu sinirlama su sorulari beraberinde getirir
(Abernethy, 1988): insan postiiral kontrolii icin belirli bir dikkat gerekir mi veya

belirli bir dikkat olmadan sadece otomatik siireclerle mi kontrol edilir?

Postiiral kontrolin minimum bilgi isleme gerektiren otomatik slregler yoluyla
sirdiirtldigi disiintlse de bazi arastirmalar postiiral kontroliin 6nemli dlclide bilgi
isleme gerektirdigini gostermektedir. Dikkat gorevler arasinda (Woollacott &
Shumway-Cook, 2002) toplam kapasiteyi asilacak sekilde boliindiigiinde, bir veya
daha fazla gorevde artan hatalar veya gecikmeli yanitlar olusur. Bu durumda, ikili

gorev paradigmasi ortaya cikar. (Singer, Hausenblas, & Janelle, 2001)

ikili gérev paradigmasi, iki gorevin (birincil gérev ve ikincil gérev) eszamanli
performansinin varhigindaki performansi degerlendirmek icin kullanilan bir
metodolojidir. Bircok arastirmaci, ikili gorevin sinirli dikkat kapasitesi nedeniyle
postiral kontroli bozdugunu iddia ederken, (Donker, 2007; Polskaia &Lajoie,2016;
Murillo ve ark.,2012), bazilari ise ikili gorevin postiral kontroliin otomatizasyonunu
saglayarak postiri gelistirdigini belirtir (Bergamin, vd., 2014; Pellecchia, 2003;
Swan, Otani, & Loubert, 2007; Stevens, Barbour, Meredith, & Timothy, 2016).
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Postiiral kontrolii etkileyen bir diger faktor de somatosensor sistemin bilingli
dokunma ve basing algisi ile isledigi mekanik bir uyaran olan "hafif dokunma"dir.
Genellikle, viicudun ¢ok kiguk bir kismi (6rnegin, isaret parmagi) sabit bir ylzeyle
temas halindedir ve bu temas mekanik bir destek saglamaksizin postiir salinimini
azaltir (Lackner & Dizio, 2000; Jeka, 2006). Hafif dokunus, isaret parmagin 1N'den
daha az bir kuvvetle sabit bir ylizeye dokunmasi olarak tanimlanir ve ek duyusal bilgi

sagladigi varsayilir (Holden, Ventura, & Lackner, 1994).

Hafif dokunusunun postir kontroli Uzerindeki olumlu etkileri ¢esitli
popiilasyonlarda gérilmistiir. Ornegin multipl skleroz, down sendromu, otizm,
(Kanekar, Lee, & aruin, 2012) gelisimsel koordinasyon bozuklugu (Chen & Tsai, 2016)
ve periferik néropati tanisi alan kisilerde hafif dokunma ve (Gomes & Barela, 2007)
postir arasindaki iliskiler arastiriimis ve hafif dokunmanin postir kontroli
Uzerindeki olumlu etkileri raporlanmistir (Chen & Tsai, 2015; Dickstein, Shupert, &

Horak, 2001).

Ug gorevi ayni anda gerceklestirmenin sonuclari — 1) Postiiral Gérev, 2) Bilissel
Gorev, 3) Hafif Dokunus postir kontroll Uzerindeki etkisi bilissel gorevin postir
Uzerine etkisi iyi belgelenemediginden iyi bilinmemektedir (Chen, Chen, Tu, & Tsai,

2015; Baldan A., Alouche, Aroujo, & Freitas, 2014).

Lee ve ark., (2018) saglikh yetiskinlerle bir calisma yapti ve hafif dokunus ve
eszamanli bilissel gorevin postliral kontrol lzerindeki etkisini arastirdi. Sonuclar,
sakin durus sirasinda vicut saliniminin bu ikili gérevin performansindan 6nemli
Olclide etkilenmedigini gosterdi. Hafif dokunusun viicut salinimi izerindeki olumlu
etkisinin, bilissel goérevin vicut salinimi Gzerindeki olumsuz etkisi nedeniyle

azalabilecegi 6ne strtlmusgtar.

Literatlriin bulgulari géz 6niline alindiginda, bu calisma bilissel gbrev zorlugu

seviyesini degistirerek hafif dokunusun ve bilissel gérevin postur kontroli Gzerindeki
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kombine etkilerini arastirmayi amaglamaktadir. Dikkati iki farkl zorluk seviyesinde
bilissel gbrevlere yonlendirmenin postur kontroliini farkli sekilde etkileyebilecegi ve
bu nedenle hafif dokunusla birlikte gergeklestirildiginde postur kontrolii Gizerinde de

farkl etkileri olabilecegi 6ne strilmugstar.

LITERATUR TARAMASI

Postiir Kontrolii

Postlr kontrolli, merkezi sinir sistemimizin (MSS) kontrollli, dik bir durusun
surdirilmesi icin diger kaynaklardan gelen duyusal bilgileri nasil diizenledigini
aciklayan bir terimdir. Somatosensori, gorsel ve vestibiler sistemler, postiir kontrolii
ve dengeyi saglayan ¢ ana bilesendir (lvanenko & Gurfinkel, 2018; Alcock, O'Brien,
& Vanicek, 2018). Bu (g bilesenin herhangi birinde bir sorun olusursa, diger ikisi bu

sorunu telafi edebilir (Horak F., 2006).

Posturel Kontrol Mekanizmalari

Posturel Kontroliin Biyomekanik ve Kas-iskelet Ozellikleri

Bir davranis olarak postiral kontroliin li¢ ana gorevi vardir: 1) viicut segmentlerinin
hizalanmasi, 2) postiiral denge, 3) postiiral oryantasyon. Dik durus 6ncelikle postiiral
tonun varhgi ve viicut segmentlerinin hizalanmasi ile saglanir. Bu hizalamanin elde
edilmesiyle, viicudun agirlik merkezi destek tabani icinde tutulmalidir. Bu, postiiral
gorevin ikinci kismini olusturur; postirel denge. Postirel denge, vicut lGzerinde
hareket eden tiim i¢ ve dis kuvvetlerin istenen pozisyonu korumak icin dengede
oldugu bir durum olarak tanimlanir. Son olarak, postiiral gorev gevre ile ilgili olarak
bedensel yonelimi korumayi icerir. Bu gorevler tamamlandiktan sonra durus, farkli

segmentler arasindaki etkilesimi diizenleyerek ve hareket sirasinda eklem sertligini
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ayarlayarak eylemler icin mekanik destek saglar. (Bronstein, Brandt, Woollacott, &

Nutt, 1996; Horak & MacPherson, 1996).

Duyusal Sistem ve Postiirel Kontrol

Duyusal sistem, gorsel, vestibliler, somatosensor ve proprioseptif sistemler dahil
olmak (izere duyu sistemlerinin entegrasyonu ile CNS’ye bilgi gondererek postirel
kontrolde 6nemli rol oynayan bir bilesendir (Massion, 1994). Goreve ve cevresel
baglam gereksinimlerine gore gorsel, vestibiler ve somatosensor sistemlerin katkisi

degisebilir.

Gorsel sistem, cevresel ipuglarina gore vicut konumunun ve yonilnin
belirlenmesinde rol oynar (Watson & Siyah, 2008). Gorsel bilgilerin yoklugunun veya
eksikliginin postiral kontrolde bozulmaya yol actigl da bilinmektedir. (Watson &

Siyah, 2008)

Vestibiler sistem duyusal sistemin 6nemli bir parcasidir ve hareket, denge ve
mekansal yonelim dahil olmak Uzere bilgi saglar ve bdylece postiirel dengenin
korunmasina yardimci olur. Kisacasi, vestibller sistem yergekimi ve atalet kuvvetleri

hakkindaki bilgileri motor sistemine iletir.

Somatosensor sistemin ana rolii dokunma, basing, konum, sicaklik, titresim ve
hareketi algilamaktir. Somatosensor sistem, temas ylizeyinin kuvvetleri ve 6zellikleri
ve vicut segmentlerinin goreli konfiglirasyonu hakkinda bilgi saglamaktan

sorumludur (Brodal, 1969; Horak & MacPherson, 1996).

Somatosensori Sistem ve Hafif Dokunus

Hafif dokunus, isaret parmagi ile 1N'den fazla olmayan bir kuvvetle sabit bir ylizeye

hafifce dokunmak olarak tanimlanir. Holden ve digerleri. (1994), sabit bir ylizeydeki
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parmak ucu temasinin postirel kontroll gelistirebilecegini gostermistir, ancak
temas kuvvetleri mekanik destek saglayacak kadar bliyik degildir. Somatosensor

ipuglari, postiral kontroliin organizasyonu igin cok 6nemli bir yonelim referansidir.

Merkezi Sinir Sistemi (MSS) ve Postiiral Kontrol

Sakin durus, basit bir statik durum olmaktan ziyade sensorimotor siireclerin yogun
etkilesimi ve bu sireclerin sonucu olarak tanimlanir (Horak & Macpherson, 1996).
MSS, hem dis (cevresel degisimler) hem de i¢ (gorsel, vestibiiler ve proprioseptif
sistemler) kaynaklardan farkl tirde bilgiler alir. Bu bilgileri kullanarak, MSS duyusal
bilgilerin dizenlenmesinde ve gerekli reaksiyonlarin yiritiilmesinin planlanmasinda

rol oynar (Lee & Lishman, 1975; McCollum, Shupert, & Nashner, 1996)

Sakin durus bozulunca, MSS dengeyi yeniden saglamak icin reaksiyonlari diizenler.
Reaksiyon stratejisinin tliri (ayak bilegi stratejisi, kalgca stratejisi ve adim alma
stratejisi) perturbansin yonine ve blyukligine gore secilir (Moore, Rushmer,
Windus, & Nashner, 1988).

Dikkat

Dikkat Teorisi

Cesitli dikkat teorilerinde dikkat, algi ve hafiza arasindaki baglanti olarak kabul edilir.
ilk dikkat teorileri, dikkatin secici oldugunu ve islem kapasitesinin sinirli oldugunu
varsayarken (Kahneman, 1973), sonraki teoriler dikkatin birden fazla kaynagi oldugu

ve sinirli olmadigini iddia etmistir (Wickens C., 1980).

Stroop Etkisi ve Dikkat
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Stroop testi hem uyumlu (6rnegin, kirmizi renk mirekkeple yazilmis "kirmizi"
kelimesi) hem de uyumsuz modda (6rnegin, "san" renkli muirekkeple yaziimis
"kirmizi" kelimesi) renkli kelimeleri icerir. Katihmcilardan kelimenin vyazildigi

murekkep rengini adlandirmalari istenir.

Dikkat ve Postiiral Kontrol

Geleneksel goruse gore, postiral kontrol bilgi isleme igcin minimum biling gerektirir
ve refleksif olarak kontrol edilir (Kerr, 1985; Pellecchia, 2003). Bununla birlikte,
dikkat kaynaklarinin postiral kontroliin organizasyonunda rol oynadigini 6ne siiren

karsit gorisler vardir.

Pellecchia (2003), eszamanli bilissel gorevlerin zorlugu acgisindan postiiral kontroli
inceledi. Sakin durus sirasinda deneklere 3 saniye boyunca geriye dogru sayilan
rakamlari tersine gevirme ve basamak siniflandirmasi goérevleri verildi. Sonuglar,
bilissel gorevlerin dikkat taleplerindeki artisin postiiral durug sirasinda salinimda
artisa neden oldugunu gostermistir. Bu sonug, artan dikkat talep diizeyiyle gérev
entegrasyonunun daha zor hale geldigini gosterebilir. Ancak, cocuklarla yapilan
benzer bir calismada Blanchard ve ark. (2005) farkh sonuglar gdzlemlendi. 19 ¢ocuk
glic platformunda Ui¢ farkl gorev gerceklestirdi: sessiz durus, geriye dogru sayma ve
ikinci sinif diizeyinde climleler okuma. Sonuglar, cocuklarin artan dikkat talepleri ile
salinimlari azaltarak postiirel duruslarini ayarlayabildiklerini ortaya koydu. Bunun
nedeni, yazarin agikladigi gibi cocuklar tarafindan benimsenen farkh stratejiler

olabilir.

Ote yandan, Shumway-Cook ve Woollacott'un (2000) bulgulari, postiiral kontroliin
sadece duyusal bilgilere refleksif bir yanit olmadigini géstermektedir. 18 geng
yetiskin ve 36 yasl (18'i disme veya denge bozuklugu 6ykisi olan ve 18'i diisme
dykiisii olmayan) calismaya katildi ve isitsel bilissel gbrevi yerine getirdi. isitsel gérev

alti farkh duyusal kosulda yerine getirildi. Bu kosullar, postiral kontrol i¢in gerekli
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olan dogru gorsel ve somatosensor ipuglarinin kullanilabilirligini degistirdi. Sonuglar,
isitsel gorevin performansinin duyusal baglamin hicbirinde gencg yetiskinlerde
postirel dengeyi etkilemedigini gostermistir. Ancak yash yetiskinlerde durum
farkhydi. Duyusal bilgiler azaldik¢a postiral kontroliin dikkat talebi artti. Ek olarak,
bu artis denge bozuklugu olan yashlar icin tim duyusal baglamlarda mevcutken,
saglkli yashlar icin hem gorsel hem de somatosensor ipuglari kaldirildiginda

mevcuttu.

ikili Gorev Metodolojisi ve Postiiral Kontrol

Literatirde, ikili gorev paradigmasi altinda bulunan mekanizma heniiz net degildir.
Bir motor ve bilissel gorev ayni anda gerceklestirildiginde, bu performanslar bu
eszamanli yliritmeden etkilenebilir. Ayni anda iki farkh gérev gerceklestirildiginde,
bir veya her iki gérevin performansi bozulabilir. Buna "ikili gérev enterferansi" denir
(Shumway-Cook & Woollacott, 2000; Leone, vd., 2017; Friedman, 1982

YONTEM

Calismaya yaslari 18-40 arasinda degisen saglkli 18 birey gonulli olarak katilmistir
Protokol 1: Motor Gorev (Yalnizca Sakin Durus)

Sakin durus gorevi Ug¢ tekrar ile gergeklestirdi. Katiimcilardan kuvvet platformunun
Uzerinde ayaklar omuz genisliginde acik ve kollar yanda salinirken rahat bir

pozisyonda beklenmeleri istendi.

Protokol 2: ikili Gérev (Sakin Durus ve Bilissel Gérev Denemeleri)
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Bilissel gorev denemeleri, hafif dokunusla ve hafif dokunus olmadan farkl zorluk
seviyeleri igin tekrar edildi. Bilissel gorevler rastgele bir sira ile katilimcilara sunuldu.

Her bir tekrar 40 sn suirdii ve (g basarili tekrardan sonra bir deneme tamamlandi.

Protokol 3: Hafif Dokunus Denemeleri (Bilissel Gorev ile /Biligsel Gorev olmadan

Sakin Durus)

Hafif dokunus denemelerinde katilimcilar sakin durus sirasinda tercih ettikleri
elleriyle metal sensore isaret parmaklari ile hafifce dokundular. Bu sirada dirsek 90°
ve diger parmaklar bikuli idi. Katilimcilar 1N’u gegen bir kuvvet uyguladigl zaman
test uygulayicisi bunu takip edip denemeyi sonlandirabilir durumdaydi. Hafif
dokunus denemeleri bilissel gorevlerle birlikte ve bilissel gérev olmadan tekrar
edildi. Her bir tekrar 40 sn siirdi ve (g basarili tekrardan sonra bir deneme

tamamlandi.

istatistiksel Analiz

Bagimh degiskenler olarak belirlenen alti COP parametresi; COP ortalama hiz
(COPygy), COP elips alani (COPga), COParaligi (COParaligi AP ve COParaligi ML), rms
COP degerleri AP (rmsap) ve ML (rmswmi). Her deneme icin tim COP degerleri
hesaplandi. Bilissel gorevin zorluk seviyeleri (3 seviye; hicbiri, kolay, zor) ve hafif
dokunusun varligi (iki seviye; evet, hayir) faktorler olarak dahil edildi. Her giris, konu
ici deneme degiskenliginin etkisini ortadan kaldirmak icin ortalama (¢ 6zdes
denemeye karsilik gelir. Alfa anlamlilik diizeyi p<0,05 olarak belirlendi. Tim denekler
ayni faktorler icin birden cok kez 6lcildiginden, her bir COP parametresi icin ayri

ayri (iki yonla tekrarlanan olglimler ANOVA) yapilmistir.

SONUGCLAR

Ana Bulgular
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Bilissel Gorev x Hafif Dokunus Etkilesimi

COP ortalama hizi haricinde bitiin COP parametrelerinde bilissel gorev ve hafif

dokunus arasinda etkilesim bulunmustur.

Tablo 1. CT x LT Etkilesimi igin Varyans Analizi

Basing Merkezi Biligsel Gérev Yok  Kolay Biligsel Gérev  Zor Biligsel Gérev

Parametreleri ort.  SD () ort. SD () Oort.  SD (%)
COPEA 10.70 72 16.15 .803 17.03 71
COPVEL 4.92 1.21 5.08 1.34 5.31 1.22
COPrange AP 11.24 3.80 10.16 3.38 9.74 2.36

P COPrange ML 7.6 1.77 6.61 1.76 6.96 2.60
RMSAP 2.32 .83 2.00 .63 1.81 40
RMSML 1.59 42 1.36 42 1.46 .62
COPEA 22.54 1.50 17.45 1.0 16.60 .61
COPVEL 6.81 1.66 6.50 1.29 6.71 1.30

HD COPrange AP 22.54 6.37 17.46 4.23 16.60 2.58

yok COPrange ML  10.48 3.53 8.38 2.57 8.91 3.60
RMSAP 4.89 1.57 3.50 .81 3.24 .55
RMSML 2.12 77 1.67 .59 1.66 .65

Bilissel Gorevin Ana Etkileri

Hafif dokunus yok iken bilissel gérevin varligi anlaml bir degisim yaratti ancak kolay

ve zor bilissel gorevler arasinda postiir salinimini etkileme acgisindan anlamli bir fark

yoktu.

Hafif Dokunusun Ana Etkileri
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Hafif dokunus, postir salinimini tim kosullarda anlamli bir sekilde etkiledi.

TARTISMA

Bu calisma, hafif dokunma ve bilissel gérev zorlugunun postiiral kontrol Gzerindeki
kombine etkilerini anlamak igin yapilmistir. Postiral gorevin hafif dokunmanin
varligindan ve bilissel gorevin(hicbiri/kolay/zor) varligindan nasil etkilenecegini
arastirdik. Literatlir, hafif dokunmanin postiral kontrol izerindeki olumlu etkisi
hakkinda uyumlu sonuclar sunmustur, ancak bilissel goérevin postiiral kontrol
tizerindeki etkisi Gzerinde bir fikir birligi yoktur. Ote yandan, bilissel gérev ve hafif

dokunmanin kombine etkisi ile ilgili sinirli calisma vardir.

Biligsel Gorevin Bireysel Etkileri

ilk hipotez, bilissel gérev zorlugu seviyesinin artmasinin postiiral kontrol tizerinde
olumlu bir etkisi olacagiydi. Beklendigi gibi, bilissel gorev zorlugu, sakin durus
sirasinda COP ortalama hizi diginda tiim COP parametrelerinde anlamh farkhliklara
neden oldu. Bu sonuglar literatiirde yapilan bircok ¢alisma ile uyumludur. Uyumlu

olmadigi durumlar da s6z konusudur ve olasi aciklamalari mevcuttur.

Oncelikle calismada secilen motor gérev giinliik hayatta aliskin olunan ve dolayisiyla
dikkat kapasitesini fazla isgal etmeyen bir gérevdir (Bronstein, Brandt, Woollacott,
& Nutt, 1996). Ancak, motor goérevin zorluk seviyesini artirmak ikili gorev sirasinda
bir interferansa sebep olabilirdi (Bustillo-Casero, Villarrasa-Sapifia, & Garcia-Masso,
2017). ikinci olarak bilissel gérevin tiirii ve zorluk seviyesinin dikkat taleplerini
objektif olarak degerlendirmek mimkiin degildir. Ayrica bilissel gérev turinun farkh
derecelerde bilissel-motor interferansa sebep olabilecegi bilinmektedir (Ebersbach,
Dimitrijevi¢, & 1995). Literatirde bilissel gorev tlriinin bilissel-motor interferansi

nasil etkiledigi tespit edilmemistir, ancak farkl bilissel gorevlerin bilissel talebini
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karsilastiran ¢alismalar vardir. Ornegin, Stroop testinin basit reaksiyon siire
testinden daha fazla bilissel karmasikliga sahip oldugu one siirilmuistir (Dalecki,

Bock, & hoffmann, 2013).

Bu calismanin bulgulari Riley, Baker, & Schmit, (2003)’in bulgulariyla uyumludur. Her
iki calismanin sonuglari da ortak teori zemininde aciklanabilir. ilk olarak dikkati
postiral kontrolden uzaklastirmak otomatik kontrol sireglerini aktive etmistir.
ikincil olarak da ¢oklu kaynak teorisi bu durumu aciklayabilir. Buna gére, iki ayri
gorev ortak sinirli kaynaklarin kullanimini gerektirmezse, ¢atismaya sebep olmazlar
(Navon & Gopher, 1979; Wickens, 1980). Son olarak, sonuglar Navon & Miller'in
(1987) goriisiine gore yorumlanabilir. iki gérev benzer etki alanlari veya islemcileri
kullaniyorsa, daha az dikkat kaynaklari kullanilmasi nedeniyle isleme verimliliginin

kolaylasarak ikili gorev performansinin artabilir.

Hafif Dokunusun Bireysel Etkisi

ikinci hipotez, postiiral kontrol gérevine hafif dokunma eklemenin postiiral kontrol
Uzerine olumlu bir etkisi olacagiydi. Tahmin edildigi gibi, hafif dokunma tiim basing
merkezi parametrelerini anlamli bir dlsise sebep olarak postiiral kontroll artirdi.
Bu sonuclar literatirde daha 6nce yapilan ¢calismalarin bulgulari ile uyumludur (Jeka
& Lackner, 1994; Jeka J. J., 1997; Tremblay, Mireault, Dessureault, Manning H, &
Sveistrup, 2004).

Bu calismanin katkisi hafif dokunmanin postir Gzerinde farkh zorluktaki bilissel
gorevlerle kombine etkisini anlamakti. Artan biligssel gérev zorlugu hafif dokunmaiile
birlesince postiral salinim daha da azaldi. Bu ¢alismada, hafif dokunmanin postiiral
kontrol Uzerindeki olumlu etkisi kitanéz mekanoreseptorler ve kinestetik
mekanoreseptorler tarafindan elde edilen ek somatosensori bilgilerin varligi ile
aciklanmaktadir (Baldan, Alouche, Araujo, & Freitas, 2014; Diener, Dichgans,

Guschlbauer, & Mau, 1984). Postiiral kontroliin gelistiriimesinde hafif dokunmanin
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etkinligi icin bir baska olasi agiklama postiiral kaslari tetiklemesidir (Jeka J. J., 1997).
Ancak, bu calismada, kas aktivitesi ile ilgili hicbir veri toplanmadigindan, bu

aciklamayi destekleyen bir kanit yoktur.

Biligsel Gorev ve Hafif Dokunma Etkilesimi

Uclincli hipotez, bilissel gérev zorlugu ve hafif dokunmanin postiiral kontrol
Uzerinde bir etkilesime sahip olup olmayacagiydi. Sonug olarak bir basing merkezi
ortalama hizi disinda bitin COP parametrelerinde bir etkilesim mevcuttu ve bu

etkilesim bilissel gorev zorlugundan kaynaklandi.

Sonug¢

Bilissel gorev ile hafif dokunus arasinda COP ortalama hizi disinda tim COP
parametrelerinde bir etkilesim oldugu ve bu etkilesimin bilissel gbrevin zorlugundan
kaynaklandigi bulunmustur. Bilissel gorevin istatistiksel olarak anlamli etkisi,
yalnizca hafif dokunus oldugunda gecerlidir. Ayrica, zor bilissel gorev, postir
salinimini azaltmada kolay bilissel gorevden daha etkilidir. Hafif dokunus, postir

kontroli Uzerinde istatistiksel olarak anlamli bir etkiye sahiptir.
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