Hemispheric Priming 1

TEPAA T1O

University of Thessaly

Department of Physical Education and Sport Sciences

Preventing Choking Under Pressure with Hemispheric Priming:

An Experimental Study of Vibration Stimulation for Priming

By
Christopher Sebastian Bruntsch

The present thesis is submitted as Partial Fulfillment of the Requirements for the Degree of

European Master of Sport and Exercise Psychology at The University of Thessaly in 2023

Approved by supervising committee:
Antonis Hatzigeorgiadis, Professor
Nikos Komoutos, Associate Professor

Yannis Theodorakis, Professor

Trikala, Greece 2023

Institutional Repository - Library & Information Centre - University of Thessaly
11/10/2024 14:16:21 EEST - 13.59.218.28



Hemispheric Priming 2

Declaration by Author

This thesis is composed of my original work, and contains no material previously published or
written by another person except where due reference has been made in the text. I have clearly stated
the contribution by others to jointly-authored works that I have included in my thesis.

I have clearly stated the contribution of others to my thesis as a whole, including statistical
assistance, survey design, data analysis, significant technical procedures, professional editorial advice,
and any other original research work used or reported in my thesis. The content of my thesis is the
result of work I have carried out since the commencement of my research higher degree candidature
and does not include a substantial part of work that has been submitted to qualify for the award of any
other degree or diploma in any university or other tertiary institution. I have clearly stated which parts
of my thesis, if any, have been submitted to qualify for another award.

I acknowledge that electronic and hard copies of my thesis must be lodged with the University
Library.

I acknowledge that copyright of all material contained in my thesis resides with the copyright

holder(s) of that material.

Christopher Sebastian Bruntsch

Name & signature of author

Institutional Repository - Library & Information Centre - University of Thessaly
11/10/2024 14:16:21 EEST - 13.59.218.28



Hemispheric Priming 3

Table of Contents
ADSEFACT. ..., 4
INtroducCtion . ..., 5
DefINItIONS. ..., 5
Literature ReVIOW ... 12
Models Of ChOKING ...........ooiiiii e 18
Purpose of the study..................... 34
MEEROMAS ... 35
RESUILS ... 38
DIESCUSSION. ... e 38
RETOTENCES ... 44

Institutional Repository - Library & Information Centre - University of Thessaly
11/10/2024 14:16:21 EEST - 13.59.218.28



Hemispheric Priming 4

Abstract

The phenomenon of choking affects athletes across all sports. A simple definition of
choking is when an athlete is unable to perform under pressure; even more, they are unable to
perform under expectations of their ability. There has been evidence to suggest that choking occurs
when the athlete switches focus on the outcome rather than the process. Furthermore, research has
shown the positive effects of hemispheric priming of the brain to offset choking under pressure.
This study tested whether or not priming the right side of the brain's hemisphere will have an
offsetting effect on choking under pressure. The participants consisted of archers aged between 18
to 46 years (M = 28.5, SD = 8.83). All participants were male and shot right-handed. The
experience of each participant ranged from national to international competition and 1 to 40 years
of competition experience. The testing was done using a modern compound bow, and all of the
setups were virtually identical. The study compared the performances of the archers in a pressure-
free situation with that performed under pressure. The results indicated that hemisphere-specific
priming extenuated a performance decrease after pressure induction when compared with a control
condition (t(30) = -4.945, p <.001). This suggests that hemisphere-specific priming may prevent
motor skill failure. For a real-world application, hemispheric priming can be used as a regulatory

technique, much like breathing techniques. More information should be collected on the subject.
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Introduction

What defines a champion? Many factors can contribute to answering this question, things
such as natural talents, genetic advantages, unique skills are assets, or the ability to perform under
pressure. An athlete can practice day and night non-stop when the moment comes for them to
perform under pressure they are unable to. All that effort is now useless. The inability to perform
under pressure is part of what makes competition so thrilling; no matter how advanced or novice
one is in their sport, this inability to perform can affect anybody at any level. What contributes to
this inhibition of having elite performance or minimal performance at the athlete's average level,
whether genetic or social factors? Many things can contribute to the failure of performance. Let us
take as an example scenario, the archer steps up on the shooting line; he is tied with this competitor
going into the end of the tournament. His competitor has already shot his arrows and hit his
bullseye all but once. The archer draws back, takes aim, and shoots his first shots bullseye; a sigh
of relief comes over the archer. The archer loads up an arrow, draws back, and takes aim for a
second shot. Twang goes the string, and again the arrow finds the middle; the archer exhales
deeply. Now the archer thinks for a moment as he is loading up his third and final arrow; he is
looking around the situation; he notices that the wind is picking up from the East slightly, his palms
have become sweaty, and the crowd noise has come to a complete silence he knows that everybody
is watching him for this final shot thinks about it. He knows with this shot if he makes a good shot,
he can win the tournament; however, if he makes a worse shot he can lose the tournament
altogether. He draws back, and the bow itself feels almost 5 kilos heavier than it had been just the
shot before. The bow almost slipped out of his sweaty palms, and he can feel his heartbeat through
his chest; he takes aim, and he notices that his side pin is not sitting still like it normally does it's

bouncing along with the same rhythm as his heartbeat just as much as his front half is shaking his
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back after shaking too he's feeling the oxygen leave his body losing out, he sees one glimmer of
the ideal side picture and releases the arrow. And with the sound of the arrow hitting the target, he
could hear the crowd gasp and sighs looking at the target, the archer notices that he has missed his
mark and has lost the competition. What led to the archer fall under the high-pressure situation,
the weather, was it the crowd? Or was it a combination of all these things?

Situations such as this have bedeviled many athletes throughout all sports. Choking is what
it is called when an athlete is unable to perform under pressure; even more, they are unable to
perform under expectations of their ability. This thesis aims to help illuminate some factors that
contribute to choking. It will then dive deeper into some possible interventions that can be used to
help offset choking and some mechanisms that an athlete can use by themselves given that specific
moment. Finally, the main purpose is to test whether or not priming the right side of the hemisphere
will have an offsetting effect on choking under pressure. It is with hope that after this study,
researchers and practitioners will have a better understanding and contribute to the growing
amount of research it may help an athlete one day overcome perceived pressure to perform at their
level or even beyond.

Dating back to the mid-1960s there has been a growing amount of research attempting to
understand the effects of choking in a sports setting (Morton, 1969). Since then, various definitions
and philosophies in research methodologies have been taken. More modern research has offered a
more varied opinion and choking in sports, however it also lacks a consensus within this
community regarding its mechanisms and moderators. There are few directly based interventions
that have been designed for choking, and the ones that have become available may not be
specifically geared towards a sports setting. It is with the hope that this research and future research

may address these conceptual and methodological concerns. Although there is extensive evidence
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demonstrating the efficacy of psychological skills training with athletes under pressure in sport,
its effects on those vulnerable to choking have yet to be fully proven conclusive. This specific
research will offer interventions based on neurological principles and are supported by evidence
given in neurological image imagery. This will offer more concrete data for coaches and athletes

to use in a sports setting.

Definitions

Attentional Control Theory (ACT)

Based off of Eysenck and Calvo’s Processing Theory (1992); attentional control theory is
an approach to anxiety and cognition. It is assumed that anxiety impairs the goal-focused
attentional network and increases the extent to which functioning is influenced by the stimulus-
driven attentional network. In addition to decreasing attentional control, anxiety increases attention
to threat-related stimuli. Anxiety's adverse effects on processing efficiency depend on two central
executive functions involving attentional control: inhibition and shifting. However, anxiety may
not impair performance effectiveness (quality of performance) when it leads to compensatory
strategies (e.g., enhanced effort; increased use of processing resources). Directions for future

research are discussed (Eysenck et al., 2007).

Attentional Threshold Hypothesis (ATH)

The attention threshold hypothesis argues that the mean latency of discovery latency can
be minimized by selectively attending paying attention to one stimulus type at a time and switching
to a more generally general receptive state when the rate of discovery rate falls below a threshold

value. The model accounts for the fact that the response rate was highest toward samples
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containing a single grain type and decreased as the relative proportions approached equality (Bond,

1982).

Bilateral Stimulation (BLS)

Bilateral Stimulation is the use of alternating right, and left stimulation such as tapping on
the knees, legs or shoulders, tapping toes or feet on the floor, or eye movements. Bilateral
stimulation activates and integrates information from the brain's two hemispheres ("Definition of

Terms," n.d.).

Choking

Choking 1s, understood to mean reduced performance under pressure (Baumeister, 1984,
p. 610) and, more precisely, the occurrence of inferior underperformance despite striving and
incentives to achieve maximum performance (Baumeister & Showers, 1986, p. 361).To classify a
performance as a choke, it must be clear that the athlete has the ability to perform at a higher level
and was motivated to perform during the competition. Choke cannot be looped into a random
fluctuation of skill level but a negative reaction to perceived pressure (Beilock, 2007). Other
researchers have stated that these definitions listed may not accurately show the full choking
experience and argues that choking is a complete deterioration of skill rather than a poor
performance (Gucciardi & Dimmock, 2008, Hill, Hanton, Fleming, & Matthews, 2009). This has
left a divide in the data produced in the current literature and has added confusion amongst

practitioners.

Broca's Region
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Responsible for language production plays an important role in language comprehension.
Brocas' area is also associated with movement and action, and is active in planning movements,

mimicking movements, and understanding another's movement (Know Your Brain, n.d.).

Consciousness Processing Hypothesis (CPH)

Attention is focused inward in which an athlete is attempting to perform a task,
consciously, processing explicit knowledge of how it works. The effect is a disruption of the
automaticity of the task, which will lead to failure. It follows that disruption of automatic
processing will be avoided if performers have little or no explicit knowledge of their skill (Masters,

1992).
EMDR (Eye Movement Desensitization and Reprocessing)

EMDR is a specific therapeutic technique used to treat individuals with Post Traumatic
Stress Disorder (PTSD). The technique involves a therapist exposing the patient to bilateral
stimulation (BLS), that involves alternating bilateral visual (eye movement), auditory, or sensory
(e.g., tactile) stimulation. The techniques involve two main stages: desensitization of traumatic
recollections and development and installation of a "resource," like safe and pleasant thoughts.
The second is termed resource development and installation (RDI). Each stages use alternating
BLS whereas at the same time having the person plan to recall the worst image of the trauma and
therefore the installation of the resource. RDI has become a strong psychotherapeutic tool for
relaxation and encompasses a large variety of resource development interventions throughout the

stabilization section of posttraumatic stress disorder treatment (Amano & Toichi, 2016).

Functional Magnetic Resonance Imaging (fMRI)
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Functional magnetic resonance imaging (fMRI) monitors little changes in blood flow
connected to brain activity. Used to examine the brain's functional anatomy (it determines which
elements of the brain are handling important functions). Functional magnetic resonance imaging
might discover abnormalities inside the brain that can't be found with different imaging techniques

(Radiology (ACR), n.d.).

Positron Emission Tomography (PET)

Positron emission tomography (PET) a kind of medical specialty procedure that measures
the metabolic activity of the cells of body tissues. PET is a combination of nuclear medicine and
organic chemical analysis. Used largely in patients with brain or heart conditions and cancer, PET
helps to ascertain the biochemical changes happening within the body, like the metabolism (the
method by that cells amendment food into energy when food is digestible and absorbed into the

blood) of the heart (Positron Emission tomography (PET), n.d.).

Peripheral Nerve

Peripheral nerves are a significant a part of the nervous system. The nervous system
consists of: Central System (brain and spinal cord), Peripheral Nervous System. Peripheral nerves
reside outside your brain and spinal cord. It sends info from your brain to the remainder of your
body. The peripheral system is split into two main parts: the autonomic nervous system (ANS):
controls involuntary bodily functions and regulates glands, and somatic nervous system (SNS):
controls muscle movement and relays info from ears, eyes and skin to the central system. Once we
move, the brain sends a message to the spinal cord. The nerves carry the message to the required

muscles to make them contract and manufacture movement. Similarly, once we make contact with
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object, sensory info is carried through the nerves to the spine then to the brain to create sense of

that info (About Peripheral Nerves at UC San Diego Health, n.d.).

Sympathetic Nervous System

The sympathetic system is a component of the autonomic system, an in depth network of
neurons that regulate the body's involuntary processes. Specifically, the sympathetic system
controls aspects of the body associated with the flight-or-fight response, like mobilizing fat

reserves, increasing the center rate, and releasing adrenaline (Editors, 2017).

Delimitations, Limitations, and Assumptions

One possible limitation to the application of hemisphere-specific priming would be the
incapability with sports that focus on strength and stamina. Reason is that the movement is based
on rather simple motor action (running, squatting, cycling), which does not necessarily comprise
complex motor sequences that have become automated (Baumeister, 1984). This co-insides with
an inverted U-Hypothesis which states the more perceived pressure introduced to an athlete, the
great the performance ability until it reaches a point where pressure is too great and physical
performance decreases, an exception this hypothesis has been strength sports due to the nature of
extra stimulation may aid in simple motor movement. According to a meta-analysis performed by
Bond and Titus (1983), performance supported strength and stamina wasn't worse in fact, even
better under pressure. Therefore, the result of hemisphere-specific priming applies to performances
focused on accuracy, as shown within the analysis. Such performances more a lot of advanced
motor sequences (Ehrlenspiel, 2006) and are performed less well under pressure (Bond & Titus,
1983). Hence, enhancing right-hemispheric activity by compressing the left-hand helps the

performance of advanced motor tasks. However, the performance of an easy motor action needn't
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be affected. This allowed a more precise method check the impact of hemisphere-specific priming
on preventing motor ability failure based on the self-focus mechanism. However, during a true
pressure scenario for example a competition, people don't seem to be given such self-focused
directions before performing a motor task. An inferior performance might result from exaggerated
self-focus and focusing attention on task-irrelevant stimuli (Mesagno & Mullane-Grant, 2010).
Therefore, the result of hemisphere-specific priming is proscribed to alleviating self-focus solely,

however it might in all probability not stop the distraction-based performance decline.

Literature Review

The acquisition of new knowledge is acquired over a lengthy process of consistent
repetition. After some time, the knowledge becomes automatic; we can build effortless mechanics
through practice and consistency. However, these automatic skills can fail an athlete at the most
inopportune time. Many factors can influence an athlete's performance, such as environmental
equipment failure. However, this paper will outline the psychological aspects of performance
during sports competition and why failure occurs, and how it can be prevented or, at the minimum,

negated.

A term used mostly to refer to an athlete's performance breakdown at a critical moment is
called Choking (Baumeister, 1984). An example of this would be a basketball player who has
practiced free throw shooting thousands of times, and the process itself is completely automated;
however, when it comes time to shoot the game-winning free throw, the athlete shoots an air ball
and misses the net. Athletes, coaches, and professionals would consider this phenomenon as a sign
of choking where automatic processes fall short during critical moments. Pressure could be defined
as any type of external factor or combination of internal-external factors that increases the

perceived importance of optimal performance; this can include situations during competition or
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even in the presence of an audience or a system of reward or punishment contingency (Baumeister

& Showers, 1986).

This literature review proposes the hypothesis that vibration is a viable stimulation for right
hemispheric priming, and with the priming, an offset will negate the negative effects of choking
in a high-pressure situation. The review will be broken down into four parts; first, it will introduce
the theory of choking, give it a precise and cohesive definition, its relation to choking in sports and
review the literature on the phenomenon. Second, it will dive into the various models of choking.
Afterward, the section is going to cover quartic hemispheric responsibility. This will highlight the
different regions of the brain and their respective duties concerning motor functioning. The third
section that will be reviewed is hemispheric priming. This section will outline the various
mechanisms at play when it comes to priming the brain and how this is a useful phenomenon to
offset choking's negative effects within sports. Lastly, the final section will cover the use of

vibration and its relation to cortex stimulation.

Choking

Athletes are praised for their physical attributes, such as speed, power, and agility. The
physically dominant athlete will often come out as the victor; however, pressure can become a
great equalizer. It is not uncommon to see a superior athlete on the field succumb to pressure and
perform under their abilities. This phenomenon is known as choking. Choking repeatedly under
pressure can lead to an athlete having the stigma of being a choke artist. Although choking may
not present any physical harm to the athlete, it can lead to negative emotional and psychological
effects such as anxiety, depression, low self-esteem, and burnout. A frustrating aspect of choking
is that it can occur despite high motivation and strong work ethic, and maximal effort from the

athlete. This section will define what choking is and how it pertains to sports; it will also cover
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various choking theories and the different models that apply to each theory, such as the self-
focused model and distraction theory. In the last part of this section, the paper will outline
neurological processes during choking, what parts of the brain become activated, and what

inhibitions to learning motor functions occur during a high-pressure situation.

When discussing sports, the origin of the term choke seems to originate in the sport of
baseball shortly after World War Two by famed St. Louis player Jackie Robinson one of the vital
pennant battles in St. Louis, Robinson grabbed at his throat to signify that Bill Stewart, the umpire,
was "choking up." Stewart threw him out of the game. Robinson suggested that the umpire was

blowing calls throughout the game (The Random House Historical Dictionary of American Slang

1994).

Baumeister connected the first psychological investigation of choking and sport (1984), in
which he simply defined choking as the "performance decrements under pressure circumstances"
(p. 610). Baumeister and colleagues developed an initial choking model (e.g., Baumeister &
Showers, 1986), which included pressure manipulations, manipulation checks, and measuring
independent variables with self-report questionnaires, which are still widely used in choking
research. This definition of choking is evolving and changing as more and more researchers are
attempting to expand the definition to offer more precision and uniformity. Masters (1992) stated

that choking is "the failure of normally expert skill under pressure."

More recent definitions that have become the new standard for researchers are proposed
by Wang (2002), who had highlighted the perception of pressure and the level of performance
degradation and learned skills are necessary components of a choking definition. Wang stated that
choking was a deterioration in the execution of habitual processes of performance under pressure.

Furthermore, Wang explained that deterioration meant a clear interruption in performance quality
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characterized by the performer trying too hard. Even more recently, Mesagno, Marchant, and
Morris (2008) defined choking as "a critical deterioration in the execution of habitual processes as
a result of an elevation in anxiety under perceived pressure, leading to substandard performance
(p. 439)." For Mesagno et al. | choking is the combination of the failure of the athlete's perceived
sense of control and skill of execution; pressure is the main culprit of discord, which explains the
altercation of the athlete's performance process, which is cyclically resulting in choking. The
habitual process that was referred to deals with the performance levels the athlete is used to
(Routledge, 2014). Hanton, Fleming, and Matthews (2009) offered an alternative to choking "as a
process whereby the individual perceives that their resources are insufficient to meet the demands

of the situation and concludes with a significant drop in performance." The most recent
clarification of choking when pressured happens once a competitor exhibits an acute performance
decrement in an exceedingly competitive pressure scenario, which is attributed to a rise in anxiety

and once acknowledged by the competitor that self-expected standards would otherwise be

achieved (Mesagno & Beckmann, 2017)

The specificity of the definitions of choking in sports can vary amongst researchers; there
are core elements consistent throughout the 35 years of study. The first element for choking is the
athlete's perceived pressure; the second is anxiety, which can be attributed to the first factors, but
the interpretation of anxiety can vary from person to person. Lastly, loss of attention at the task at
hand, which results in performance substantially below the normal level, occurs and constitutes a
choke. The term choke is a common sporting vernacular that has been used for 80 years; however,
as researchers, caution should be used when saying choking under pressure. This is because of the
various definitions that we had stated for choking to occur, pressure must occur, and if the athlete

does not perceive pressure, then choking cannot happen. In the following passages choking in
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sports will be more closing explored and how researchers have been able to reproduce pressure to

induce a choking situation.

Research Methods in Choking

As stated above, being able to research and fully understand the phenomenon of choking
in sports can be rather difficult for researchers—the main reason being the recreation of pressure.
If an athlete does not perceive pressure, then choking cannot occur and is a sort of tautology. So,
what are some of the methods that researchers have used to induce and recreate pressure and how
to better understand and explore this phenomenon? It is the aim that these studies will give further

illumination as to how we can create and reproduce pressure for our experiment moving forward.

Beckmann and colleagues (2013) conducted three experiments to test the effects of right
hemispheric activation and its ability to offset choking's negative aspects. The researchers had
compared the performances of experienced athletes in soccer, tackwondo, and badminton. They
first had a pretest analysis of the pressure-free situation and then a post-test of performance under
pressure. To reproduce perceived pressure, the experimenters had done several steps. The
induction of pressure included combinations of features such as competition, an audience's
presence, ego relevance, and reward contingency. These methods are like a previous study
conducted by Baumeister & Showers (1986). In the first two experiments, a baseline test was
measured and the performance under pressure and compared the effects of hemispheric priming.
The third experiment had consisted of two test phases under pressure; the first examined the main
effect of pressure on performance (i.e., the occurrence of choking), and then used hemisphere-
specific priming to test its effect. Researchers used the WettkampfangstInventar-State (WAI-S;
Ehrlenspiel, Brand, & Graf, 2009) to test perceived pressure, which is an instrument based on the

multidimensional model of competitive state anxiety by Martens (Martens, Vealey, & Burton,
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1990). Like the Competitive State Anxiety Inventory-2 (Martens, Burton, Vealey, Bump, & Smith,
1990), it has often been used to check the effectiveness of pressure induction, comprised of 3
subscales questions that are answered on a 4-point liker type scale. It should be noted that only
somatic and the cognitive subscales for the analyses represent the central aspects of anxiety. The
WALI-S has sufficient internal consistency ranging from Cronbach's .72 for cognitive state anxiety
to .88 for somatic state anxiety; its validity has also been well established (Ehrlenspiel et al., 2009;

Strahler, Ehrlenspiel, Heene, & Brand, 2010).

There are several ways researchers have attempted to recreate pressure;, competition,
performance in front of an audience, and reward contingency, to name a few. A meta-analysis was
conducted to determine the most common ways to induce pressure in athletes during practice. The
results had shown that out of 47 studies, 91%, the pressure was induced artificially with a
combination of reward contingency (K =29), ego relevance (K=23), videotaping (K=19),
simulated competition (K = 18), the presence of an audience (K =9), performing at height (e.g.,
from a climbing wall; K =4), and a math task (K=1) (Mesagno & Beckmann, 2017). Previous
researchers (e.g., Butler & Baumeister, 1998; Heaton & Sigall, 1991; Kurosawa & Harackiewicz,
1995; Lewis & Lindner, 1997) have successfully used financial inducements, audiences, and video

cameras as pressure manipulations to induce performance pressure.

Qualitative research has offered several other theories as to why an athlete might perceive
pressure during competition. In his earlier work, Baumeister (1984) reported that self-
conscientiousness was a predictor of athletes being at a higher risk of choking. This was further
supported by more recent research (Dandy, Brewer & Trotman, 2001; Wang, Marchant, & Gibbs,
2004; Wang, Marchant & Morris, 2004). Mesagno, Harvey, and Janelle (2012) had sought to

understand what some athletes tend to self-monitor under pressure. They had proposed that trying
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to promote a positive self-image will minimize the effects of social anxiety. On the other hand,
when athletes doubt they will be successful, self-presentation becomes a priority, increasing
anxiety because of the possible negative effect of poor performance on the self being viewed by
others. Furthermore, the concept of fear of negative evaluation (FNE) can precipitate choking

Mesagno, et al. (2012).

Another factor associated with choking is trait anxiety (Baumeister & Showers, 1986), self-
confidence (Baumeister, Hamilton, & Tice, 1985), skill level (Beilock & Carr, 2001), task
properties (Beilock & Carr, 2001), stereotypical threat (Chalabaev, Sarrazin, Stone, & Cury, 2008),
public status (Jordet, 2009a), dispositional reinvestment (Masters et al., 1993), fear of negative
evaluation (Mesagno et al., 2012), audience effects (Wallace, Baumeister, & Vohs, 2005), and
coping style (Nicholls, & Polman, 2007, 2008; Wang et al., 2004). Understanding what factors can
create pressure for athletes gives researchers the ability to replicate and study the phenomenon of
choking even more. The next section introduces two main concepts of choking the self-focus
model and the distraction model and how researchers and coaches alike can use them to help

athletes in the field.

Models of Choking

Self-Focus Model

Within the past 40 years of literature, two predominant models of choking have emerged:
self-focus and distraction; each model helps practitioners highlight some common problems
athletes face in high-pressure situations. When discussing the Self Focused model, otherwise
known as explicit monitoring or automatic execution, numerous examples can be found in the

early sports psychology literature where theorists subscribe to the importance of focusing on the
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performance process. Baumeister described his understanding of the self-focus model; under
pressure, an individual realizes that it's necessary to properly execute the behavior. Consciousness
makes an attempt to confirm the correctness of this execution by observation of the method of
performance (e.g., the coordination and preciseness of muscle movements); however
consciousness doesn't contain the information of those skills so it ironically reduces the

dependability and success of the performance once it makes an attempt to manage it (p. 610)

Further examining the self-focus model, Lewis and Linder (1997) stressed the importance
of self-awareness and competition amongst peers, performing in front of audiences, ego-relevance,
and reward and punishments heighten the effects of self-awareness. Other theorists proposed that
self-focus is simply pressure raising self-consciousness and anxiety about performing optimally;
thus, this increases the attention to the processes and their complete control of their skill Beilock

and Carr (2001).

Further literature of self-focus theories supports the notion that increased self-awareness
will lead to an athlete focusing attention inwardly. There is a contingent factor of how well a Self-
Focus model applies to an athlete, which is the athlete's overall experience (Hill et al., 2010b;
Masters & Maxwell, 2008). A beginner, for example, during a competition, will focus on an
explicit rule-based aspect of a skill as opposed to an automated task is outside working memory
and breakdowns in performance resulting in reinvestment in well-learned skills and conscious

processing through working memory.

The explicit Monitoring Hypothesis (EMH; Beilock & Carr, 2001) and the Consciousness
Processing Hypothesis (CPH; Masters, 1992) are the more popular of the self-focus theories. The
key difference is that Beilock and Carr, in describing EMH, state that by focusing step-by-step on

mechanics causes the interruption in the completion of skills, whereas when Masters describes
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CPH, he states that conscious controlling of the performance is detrimental. This raises the
interesting and seemingly counter-intuitive possibility that as athletes become increasingly skilled
and their level of explicit skill execution knowledge increases commensurately, they become

increasingly vulnerable to performance degradation under stress (Papaioannou, 2014).

To counter the CPH theory, Hardy et al. (2001) had proposed the Attentional Threshold
Hypothesis (ATH), which states that performance degeneration is the combined factor of thoughts
of anxiety and explicit instruction that overrides the ability to remain focused. Anxiety requires
attention, which is typically used for performance. This results in a detrimental effect on overall

performance when an athlete has both anxiety-provoking thoughts and explicit instruction

(Mesagno & Beckmann, 2017, Hardy et al., 2001).

Distraction Model

An alternative to the Self-Focused model is called a distraction model. Simply stated, a
distraction model is created on the idea that a decrease in performance while under pressure
happens because of the inability to concentrate on the task at hand instead of focusing on a task-
irrelevant stimulus (Lewis & Linder, 1997). For example, during a high-pressure situation, an
athlete will start to focus on external factors such as crowd noise, the game's score, etc. An effect
of this is increased arousal, which will cause the player to hyper-focus on the external stimuli and
not on the task itself, resulting in a decrease in performance (Sanders et al., 1978). Some athletes
have found a solution to counteract being distracted by external factors is an overall increase in
their technique (Murray & Janelle, 2003; Wilson, 2008; Wilson, Smith, & Holmes, 2007).
Increasing effort does have its limitations during pressure situations because attentional abilities
may become overwhelmed due to the high levels of anxiety (Williams, Vickers, & Rodrigues,

2002; Hill et al., 2010b).

Institutional Repository - Library & Information Centre - University of Thessaly
11/10/2024 14:16:21 EEST - 13.59.218.28



Hemispheric Priming 21

A sub-theory of the Distraction model is Attentional Control Theory (ACT) Eysenck,
Derakshan, Santos, & Calvo, 2007). The ACT model conceptualizes the fact that there are two
main attentional systems at work, first one is a stimulus-driven system in which it is very reactive
to external forces (scores, crowds, weather etc.). The second system is a goal-driven system that
determines which attention is going to be selected. Anxiety will jeopardize the efficiency of the
goal-driven system. It will decrease the overall ability to have attentional control through focusing
of the attention honest demonstration system but the use of specific interventions, an athlete, will
be able to avoid the denigration of performance and becoming hyper-focused on external

stimulation and be more goal-driven oriented (Moser, Becker, & Moran, 2012; Wilson, 2008).

Self-focused and Distraction model

When a practitioner is attempting to develop an effective intervention that will help the
athlete combat the negative effects of choking, it is important to select which model will apply
because the interventions' nature is different. For example, a therapeutic intervention might
emphasize reducing the athlete's distractions and refocusing on task-relevant features while
performing. However, when using a self-focus model, there should be an effort to take away
attention to certain technique steps during competition. Beilock and Carr stated that distraction
theory is most applicable when skill execution relies on working memory to store decision and
action-relevant information. In contrast, distraction models may be more applicable for strength
and endurance dominant tasks and for novice and medium ability performers who have not fully
automated their skills (2001). Other studies have discovered that self-focused theories were the
main cause of choking but were dependent on technique complexity, the number of steps that

needed to be carried out to complete the task Beilock, Kulp, Holt and Carr (2004).
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Consequently, non-sensorimotor tasks, such as challenging mental arithmetic problems
distraction theories, explain poor performance under pressure. Jackson, Ashford, and Norsworthy
(2006) proposed that process goals may activate attentional focus that helps in cognitive tasks and
prevent a step-by-step on the processes governing skill execution. It is also widely recognized that
distraction theories offer a better explanation for poor performance under pressure for novice

performers (e.g., Beilock et al. 2004).

Recent students have shown that elite-level athletes completing complex motor tasks show
they tend to perform better in a dual-task situation. Reason begin, experts can do techniques on the
autonomous level resulting in better performance under pressure when introduced with an extra
task such as counting or playing a song in your head. This additional task prevents the athlete from
over-analyze autonomous learned techniques (Beilock & Carr, 2001, 2004; Beilock, Wierenga, &
Carr, 2002; Gray, 2004). On the other hand, when a beginner is asked to function with multiple
tasks under pressure, they typically perform worse than in a single task condition because they

require their working memory to assist with step-by-step task execution (Papaioannou, 2014).

To offer a more comprehensive understanding of both choking self-focus and distraction
models. Babiloni and colleagues had begun to test a neural efficiency hypothesis using several
electroencephalograms (EEG) high-resolution machines on elite and amateur karate athletes. The
concept of neural efficiency states that more experienced athletes tend to have less critical or brain
activation while conducting various techniques within their sport as compared to amateur athletes.
This is supportive of the idea that elite-level athletes tend to perform better in a dual-pass situation
simply because they are using less cortical activity in a high-pressure environment Beilock & Carr,

2001). More recent evidence has shown that the neural efficiency hypothesis can apply to athletes
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from kendo (Kita et al., 2001), rifle and gun shooters (Fattapposta et al., 1996) and fencing (Percio

et al., 2009).

Choking has a long history within sports; starting back 80 years, the definition has
expanded and altered greatly in the past 45 years. When an athlete chokes under pressure, there is
a significant performance decrease during competition; this is attributed to an increase in anxiety
when an athlete acknowledges that self-expected standards would otherwise be achieved (Mesagno
& Beckmann, 2017). To research and fully understand the phenomenon of choking, researchers
have gone into various techniques to induce pressure under competitive situations without the
introduction of pressure, and choking cannot occur. Some of these various methods are
competition amongst peers, financial incentives, videotaping, and performance under an audience
(Beckmann et al., 2013). We introduced the two main models for choking first one is a self-focused
model, which occurs when a person realizes consciously that it is important to execute behavior
correctly. The focus is now shifted to ensure the technique's correctness by overanalyzing their
coordination and movements. This, however, negatively affects the overall ability to perform at
once on standard because consciously controlling your movements will stifle any preprogrammed
learning behavior (Baumeister & Showers, 1986). The second common model for choking is
known as the distraction model, and this is simply when the athlete becomes focused on a stimulate
that 1s irrelevant to the test that needs to be performed usually this is external factors such as score,
crowd size, tournament situation, weather etc. (Baumeister & Showers, 1986). The next section
will highlight which part of the brain holds certain responsibilities regarding test management and

attentional focus on particular stimuli.

Cortex hemispheric responsibility
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For an athlete to learn a new technique, two things need to happen; the athlete needs time
and repetitions. To learn a new skill, there must be a certain amount of time; a number that has
been used in literature is 10,000 hours for an athlete to reach mastery in a skill (Avanzini et al .,
2016). The second factor at play is repetitions of the technique; thousands of repetitions are
typically required for an athlete to function in a consistent manner (Baumann et al., 2005). This
section will give an overview of the neurological process at work when an athlete executes that

specific technique, cortical responsibility, and application in the sporting field.

The two previous models mentioned offer practitioners an insight into the reasoning behind
choking. However, there is still another aspect that, until recently, had remained in the dark. Recent
advances in neuroimaging have given researchers access to brain activity in athletes while
conducting experimental techniques. Certain neural pathways are engaged in attentional control,
performance monitoring, mood regulation, reward processing, and motivation, according to an
increasing body of data (Yu, 2015). This enables current research to support current models of
choking under pressure. Each theory makes a prediction about how the brain works. The
distraction concept, for example, proposes that choking under pressure is linked to activity in the
executive function region of the brain. If the distraction theory is right, activity in attention control
regions should be lowered when people choke, and the degree of choking should be predicted by

the reduced engagement of attention control regions.

Conversely, a self-focus model would hypothetically show hyperactivity in attention
control regions, and this overstimulation would be associated with individuals' propensity to
choke. The over-arousal theory would hypothesize the involvement of reward-sensitive regions in

choking effects. Reward itself is central to emotion, motivation, learning, and uprising. Our brains
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have specific pathways efficiently specializing in processing rewards (Frank et al., 2014, (Kim et

al., 2011).

Neurological perspective

Using a functional magnetic resonance imaging (fMRI), Mobbs et al. developed a study
within which a participant played a video game; they controlled a blue triangle (the predator) to
capture an Al prey to win either small reward (£0.5) or a high reward (£5) (Mobbs et al., 2009).
The results showed that participants were less able to catch the high reward prey than the low-
payoff prey and created additional errors within the high- than within the low-reward condition.
Information from the functional magnetic resonance imaging showed that once participants were
closer to the prey, activity in reward regions escalated within the orbitofrontal cortex. Apparently,
the constant impact of distance within the left middle effect was considerably stronger in high-
reward vs. low-reward conditions, theorizing that these regions inscribe reward incentive as a
function of goal distance. Activities within the right prefrontal cortex showed the alternative
patterns and were related with higher performance and reduced susceptibility to incentive-induced
errors within the high-payoff condition relative to the low-payoff condition. The information
shows that increased motivation registered within the mid-cortex produces choking, whereas

increased cortical management could reduce it, supporting the over-arousal theory.

As a result of the midbrain is sufficiently made in dopaminergic cells and is the key part of
the dopamine system, the results imply that neurotransmitter dopamine plays a major role in
choking under pressure. To offer support for this position, a positron emission tomography (PET)
study found that dopamine secretion was correlated to poor performance during a cognitive

management task (i.e., the Stroop task) once incentives were high (Aarts et al., 2014), suggesting
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that financial bonuses could impair cognitive management via over-exciting the dopaminergic
system (Silston and Mobbs, 2014). More research has shown that individuals show a significant
increase in a tendency to activate and deactivate in motor performance when incentives are
increased (Chib et al., 2014). These studies show the importance loss avoidance has on whether
an athlete chokes under pressure or not. Nevertheless, it is still difficult to discern the relationship
between the excitement of success (reward sensitivity) and fear of loss. They do, however, provide

some support for a distraction model theory.

The studies that used neuroimaging equipment have shown that certain brain regions are
vital to emotional regulation and motivation, which relate to choking under pressure and how the
brain responses differ during the anticipation and execution stage. A key factor is where the source
of perceived pressure is coming from, depending on where certain brain regions are activated
during the anticipatory stage. If the pressure originates from a reward (reward sensitivity), neural
networks that are connected to rewards are activated, which can signal the "excitement" of
achieving the reward (Mobbs et al., 2009; Chib et al., 2012). When the pressure rises from fear of
failure, neural pathways connected to negative valence are fired (Lyons & Beilock, 2012).
Perceived pressure or excitement may influence performance and affect the mechanisms

responsible for encoding the type of pressure itself.

Dual Neural Networks

A recent paper discussed the theoretical involvement of two distinct brain networks. Frist
is the salience (emotional reactivity and attentional awareness); the second is, the executive control
network (working memory and decision making) during stressful situations (Hermans et al., 2014).
The two networks have different functions in performance under pressure. The sympathetic

nervous system's emotional, physiological reaction results in sweaty palms, elevated heartbeat and
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can become exasperated when attempting to perform under pressure. Compared to the executive
network could improve performance under pressure, al be it task specificity. It can be assumed
that a balanced of the salience network vs. execute control network is needed for proper

performance under pressure (Hermans et al., 2014).

Further neurological tests need to be conducted to solidify a dual network theory that
affects performance under pressure. Choking has been linked to increased activity in motivation-
related regions such as the midbrain, striatum, and insula (Mobbs et al., 2009; Chib et al., 2012,
2014; Lyons and Beilock, 2012b), as well as decreased anterior activity (Lyons and Beilock,
2012a; Lee and Grafton, 2015), supporting the dual-system theory of stress and performance.
When people are stressed, the cortical region's activation is inhibited, whereas neural responses in
the subcortical brain areas increase. In terms of neuroimaging, further research is needed to better
understand what distinguishes "chokers" from those who excel under pressure. More data is needed

to establish a causal relationship.

Hemispheric Priming

While learning a basic motor task, there are highlights of activity in the left side of the
brain's prefrontal cortex region (Blefari et al., 2015, Ungerleider et al., 2002). Language centers
are also associated with the left frontal cortex; researchers Zhu and colleagues had shown that
giving learners explicit instruction about golf putting resulted in an activation of both the left
hemisphere and motor regions while under pressure (Zhu, Poolton, Wilson, Maxwell, & Masters,
2011). Further evidence suggests that practice has a negative link with prefrontal activation; the
more an individual repeats a task, the lower its prefrontal activation becomes and the activity
moves to the basal ganglia (van Mier et al., 1998, Seidler & Meehan, 2015). The left hemisphere

becomes less active, while the right hemisphere's visual-spatial activities become more dominating
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(Salazar et al., 1990). According to new research, the front motor areas of the left hemisphere are
engaged in initiating skilled motor action, but these areas become inhibited after the behavior is
initiated. A shift from left to right hemisphere activity was observed in exceptional rifle shooters
(Hatfield et al., 1984), and comparable results were observed in archers (Salazar et al., 1990) and

golfers (Salazar et al., 1990). (Crews & Landers, 1993).

The effect of altering neural networks is more dominant in expert athletes than novices
(Haufler, Spalding, Santa Maria, & Hatfield, 2000), this also provides the notion that experts can
operate on a sub-conscious level in performing their task. Further data shows a correlation between
left-hemispheric inhibition and better performance; in a study that sought to understand what
factors lead to poor putting accuracy in elite golfers. The results showed that greater activity in the
left hemisphere, as opposed to golfers who were able to experience left-hemispheric inhibition,

had shown more accurate putting skills (Crew, 2004).

The previous study of golfers (Crew, 2004) had shown that left-hemispheric deactivation
could increase performance; there has also been shown a positive correlation with right
hemispheric activation performance (e.g., Hatfield et al., 1984; Hillman et al., 2000; Salazar et al.,
1990). Right activation is associated with visual-spatial processing (Et & F, 2008) and the
generalized process of motor task execution (Lusebrink, 2004). Among semi-elite archers' motor
performance was increased with the use of neurofeedback that targets right-hemispheric activity.
Compared to archers who showed a greater amount of left-hemispheric activity showed poor
results (Salazar, & Crews, 1991). To summarize, this research shows that right hemispheric
activity should be enhanced for a good performance, and left-hemispheric activity should be
reduced. Both Crews (2004) and Salazar and colleagues (1990) have shown that poor performance

among elite athletes has been linked to increased left-hemispheric activation. It is not an
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overstatement to propose that asymmetrical cortical activity negatively reflects the cognitive phase

of motor learning, which happens under pressure, thus choking.

The perception of pressure can cause an athlete to focus on the proper execution of motor
action (Baumeister & Showers, 1986). The shift of attention to one's movement can activate
Broca's region of the brain. This region is associated with language (Liberman, 1996). This results
in increased cognition involvement with motor processes (Deeny et al., 2003; Zhu et al., 2011),
which disrupts the automatic execution of a skilled behavior, leading to performance breakdown.
To show occurrence, elite golfers were verbally instructed to think about the specific steps to
putting, this showed a dip in performance when presented with additional pressure. Compared to
another group of golfers who had focused on task-irrelevant verbal cues showed an increase in

performance (Gucciardi & Dimmock, 2008).

Intervention/Priming

Along with providing sound evidence of a connection between performance under pressure
and hemispheric brain activation, there is an indication of interventions that can you bused to offset
the negative effects of choking. A common theme to the published research is a positive effect of
the hindrance of left-hemispheric activity and performance. A neuroimaging study had shown an
increase in performance after the inhibition of the left-temporal lobe by transcranial magnetic
stimulation (Snyder, 2009). A growing body of work seeks to better understand what effects

"Priming" the right hemisphere can have on performance.

One of the early definitions of Hemispheric Priming is in facilitating stimulus processing
induced by prior exposure in a related stimulus (Morton, 1969). More current studies (Bardouille

et al., 2010, Baumann et al., 2005, Beckmann et al., 2013, Cottone et al., 2004, De Martino et al.,
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2019, Hirao & Masaki, 2018), focused on if prior stimulation usually a word or a picture, facilitates
subsequent processing of that stimulus or a related stimulus. The evidence proposed that

stimulating a specific hemisphere of the brain will increase performance.

The upper half of the body is cross-laterally connected to the brain, implying that the left
hemisphere of the brain controls the right side of the body (Hermans et al., 2014, Onishi et al,,
2010, Porcaro et al., 2009, Ra & Lt, 1989, van Ede et al., 2014, Wolf et al., 2015). Using a
functional magnetic resonance imaging (fMRI), Kim and colleagues (1993) investigated
hemispheric asymmetry in the functional activation of the motor area during contralateral and
ipsilateral finger motions. When comparing ipsilateral and contralateral finger movements, they
discovered significant right-hemispheric activity. Right-hand finger movements had a comparable
but weaker effect on left-hemispheric activation. Schiff et al. (1998) found that unilateral muscle
contractions in the right hemisphere amplified left-hemispheric activation. (For example,
compressing a softball.) After left-hemispheric priming, determination in attempting to tackle
insoluble difficulties was found to be higher. Baumann et al. (2005) used this method to test the
theory that activating the correct hemisphere could diminish self-infiltration, or the incorrect self-
ascription of assigned goals. They discovered that left-hand muscle contractions activated the
right-hemispheric process, which was confirmed by a line bisection test, and protected individuals
from mistaking assigned goals for self-selected goals in memory, whereas right-hand muscle
contractions did not. Neuroimaging with the use of an EEG has shown an effect on left- and right-
hand contraction on hemispheric activation. A greater left hemispheric activation was when the

right hand was contracted and vice versa with the left hand (Petersen et al., 2008).

These findings suggest that a basic stimulation is effective in hemisphere-specific-priming,

stimulation of the left hand is activated, then there will be an increase in the performance in the
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visuospatial process, which will offset the negative effects of choking under perceived pressure.
While the right hemisphere is creased in its activation, the left hemisphere is becoming suppressed,
this aid in reducing verbal-analytic processing, which results in greater susceptibility of choking
under pressure (Beckmann et al., 2013). Although performance strain may increase the likelihood
of skilled performance declines by stimulating dominant left-hemispheric activation, activating the
right hemispheric may reduce left brain dominance and, as a result, mitigate choking. As a result,
this article hypothesizes that applying vibrational tactical stimulation to the left hand before

performing a skilled motor task under pressure will alleviate performance deficits.

Vibration stimulation

This review has defined what choking under pressure is and what factors can decrease
performance. Afterward, the paper highlighted the frontal cortex's responsibilities regarding motor
movement and task performance under perceived pressure. Following this, a deeper analysis of
hemispheric activity and what effects priming has on overall performance. The last section will

outline the uses and benefits of vibration stimulation regarding priming each hemisphere.

Research in vibrational tactical stimulation ranges from pain management (De Martino et
al., 2019), sleep activity (Cottone et al., 2004) and in a clinical setting for treating trauma patients
(Keller et al., 2014, Nieuwenhuis et al., 2013, Pagani et al., 2012). Although there is a wide range
of data about the use of vibrating stimulation, little has been done in the way of sports. The science
supports the notion that stimulation influences cortical activity (Onishi et al., 2010), and a there is
a neuromuscular connection between the left and right hemispheres of the brain and the extremities
of the body (hands, arms, legs etc.). This connection is crossed wired in the body (Ansado et al .,

2010, Avanzini et al., 2016, Blefari et al., 2015) the right side of the body is connected by the left
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hemisphere and vice versa. To prime one hemisphere of the brain, researchers have used several
methods such as hand contractions (Baumann et al., 2005) and ball squeezing (Schiff et al., 1999).
Other ways hemispheric stimulation has been used effectively in a therapeutic setting is in EMDR
(Eye Movement Desensitization and Reprocessing) (Bardouille et al., 2010), (Nieuwenhuis et al.,

2013), (Pagani et al., 2012), (Claus et al., 1988), (Amano & Toichi, 2016).

The American Psychiatric Association recommends eye movement desensitization and
reprocessing (EMDR) as a standard treatment for PTSD (APA, 2021). When a therapist introduces
a patient to bilateral stimulation (BLS), which involves alternating bilateral visual (eye
movement), auditory, or sensory stimulation (e.g., tactile stimulation), and the approach entails a
strategy (Amano & Toichi, 2016). Desensitization of traumatic memories and the construction and
installation of a "resource," such as safe and pleasant thoughts, are two steps of an EMDR
procedure (Keller et al., 2014). Both stages of the conventional protocol use BLS. BLS is

performed in conjunction with the patient's unique information being recalled.

There are eight phases to the EMDR procedure. The first phase entails gathering
information regarding the patient's medical history and symptoms. Phase 2 establishes a reasonable
degree of expectation. Phase 3 emphasizes a thorough evaluation of trauma-related symptoms,
which includes strong visual imagery linked to traumatic memories, positive and negative self-
perceptions, and associated emotions. The key therapy step is Phase 4, during which alternative
BLS is employed to treat traumatic reactions. BLS can be achieved using a variety of ways, but
one of the most frequent is the employment of a set of vibrating paddles. The client would alternate
vibrations between two paddles. This alternating vibration stimulates both the left and right sides
of the brain, allowing memories to be recalled (Keller et al., 2014). Phase 5 comprises cognitive

change, which entails the installation of positive cognition. Phase 6 entails a physical examination
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to detect pain or unusual sensations. Phases 7 and 8 are utilized to wrap up the session and prepare

for the next one (Amano & Toichi, 2016).

Vibration stimulation and cortical activity

Along with therapeutic uses such as EMDR, vibration stimuli have also been used in
sensory-motor rehabilitation, with positive effects such as bone formation, hormone production
improvement and in a whole-body functional ability such as strength and balance (Magalhies et
al., 2013, Lau et al., 2011, Sa-Caputo et al., 2014). Further research has sought to understand the
effects vibration has on gross motor unity synchronization and cortical activation (Pozo-Cruz et
al., 2012). The research shows that vibratory stimulation first travels through the muscle through
the peripheral nerve, finally arriving in the responsible cortical area for the motor movement (Luft
et al., 2002). Furthermore, the vibration itself seems to enhance the peripheral nerve's effect on the
cortical areas (Christova et al., 2011, Chan et al., 2012, Silva et al., 2014). These findings support

the notion that vibration can be used as a valid stimulation for hemispheric priming.

One factor missing in this area is the use of neuroimaging techniques, such as
electroencephalography (EEG). An EEG can be used effectively to provide inconclusive evidence
of the vibrational effects on the peripheral nerve. This tool allows researchers to record electrical
activity in the brain cortex and further aid in understanding the dynamics of cortical activity and
responses to external stimuli. If a machine were obtained, these finding would be easy to collect;

however, this is not the focus of this research.

Seo and Colleagues (2019) had referenced the previously listed data and added it to the
application methods of vibration stimulation. They had done this by introducing vibration stimuli
through wrist bands on healthy adults in a grip strength task. Participants have been designated to

test their grip strength, one trail with vibration on the rest and one without. The results showed that
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when participants had the wrist band activate vibration, their grip strength significantly increased
compared to the non-vibrational trial. The results support previous data with the activation of the

peripheral nerve and the notion of vibration having a relationship to motor function.

Purpose of the study

This literature review's main intention was to show support for the hypothesis that vibration
is a viable stimulation for right hemispheric priming, and with that priming will show offset on
any negative effects of choking in a sport setting. The first section of the review described what
choking means and its historical definitions, and then it offered two common choking models. First
being a distraction model in which any stimulus or response required irrelevant to the individual's
primary task, whether it is an external or internal stimulus (Sanders, Baron & Moore, 1978.) The
second model is also a focused model in which an athlete well hyper analyze pre-learned motor

movements, thus affecting the athlete's overall performance (Baumeister & Showers, 1986).

The second section had identified specific cortex hemispheric responsibility and how the
mechanisms at work correlate with choking models. There seems to be a viable correlation
between incentive reward and the effects of punishments; this would solidify the distraction model.
It also introduced the concept of a dual neural network hypothesis. In which two specific neural
pathways are connected to motor function and abstract thinking. One network is activated when
trying to learn a behavior, and the other is activated when trying to perform the learned behavior

in each situation.

The third section discussed hemispheric priming, and this is the notion that priming one
specific hemisphere of the brain will have an offsetting effect on the other. Research has shown

that the left hemisphere was responsible for linguistic and abstract thought, which Davis supports
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the notion that an increase in left-hemispheric activity leads to poor performance under pressure.
Vice versa, right hemispheric activity tends to lead to better performance while under pressure.
Studies have been showing that priming the right hemisphere can have an offset effect on negative
sport performance. Various methods such as hand contractions squeezing a ball have been shown

effective.

The 4™ section introduced the concept of vibratory stimulation and its effects on motor
function and cortical activity. Vibrational stimulation has been an effective tool for rehabilitating
four injured individuals, helping in sleep performance, and helping treat traumatic clients with
psychological issues. EMDR is a professionally researched technique used to help treat individuals
with past traumatic experiences, and one of its main proprietors is called BLS bilateral stimulation,
which is used to activate both left and right sides of the brain hemispheres. There are several
different ways of enacting bail less, but one common way is vibrational paddles. One study has
shown that the use of vibration in a wristband has been effective in improving grip strength in
healthy individuals. The literature highlights the use of the peripheral nerve and its connection to
motor function and cortical activity. Further neuroimaging studies could help add inconclusive
evidence to the mechanisms at work with vibrational stimulations in cortical activity; however,
there seems to be ample evidence to propose that vibration is an effective tool to stimulate or prime

the left hemisphere results in better performance under pressure.

Methods

Participants

For this research study to conduct, 20 male archers consented to participate in. These
archers were drawn from the area of Spokane, Washington, United States of America and the

research project took place in a local archery shop based in Spokane Valley, Spokane Valley
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Archery. The participants who completed this study aged between 18 to 46 years (M =28.5, SD =
8.83). They had 2 to 40 years of archery experience (M = 12.65, SD = 10.09) and 1 to 30 years of
competitive archery experience (M = 8.75, SD = 8.41). Twelve of the people indicated that the
highest level they had competed was in national competitions, while the other 8 indicated that the
highest level they had competed was international. The amount of days that they dedicate per week
to train varies between 2 to 6 days (M = 4.35, SD = 1.31) and the amount of hours they dedicate
per week to training varies between 4 to 36 (M = 16.85, SD = 9.06). All of the participants shot

right handed and they all used a modern compound bow (all of the setups where virtually identical).

Performance assessment

The measure of accuracy of the shots was made as a dependent variable. Five shots in a
pressure-free situation (i.e., pre-pressure) and another five shots after pressure induction (i.e., post-
pressure). The participants’ task was to shoot their compound bow from the standard indoor
distance (i.e., 18 m; into a 5 spot target). Archers were instructed to make five shots. Their
performance was measured by scoring each shot on a 6-point scale: 6 for a clean shot in (X), 5 for
outer ring (10), 4 for nine ring, 3 for 8 ring, 2 for 7 ring, and 1 for a 6 ring. After the five shots the

data were collected and that’s how we measured the effects of priming pre and post pressure.
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Procedure

Before the research study began, the 20 male semi-professional archers were gathered and
informed about the purpose of the study, and that they would be participating in a research project
that its main intention was to understand the effects priming has on the brain before a high-pressure
situation. Also that the experiment would be conducted in a single session and that the winner with
the best score would receive a $100 gift card. Prior to their arrival at the location they were given

the consent form to sign which also included in detail the whole procedure.

Upon the arrival the researcher conducted an initial session to explain one last time the
procedure, received the signed consent forms from all participants and administer the questionnaire
regarding demographic information such as age, years of archery experience, years of competitive
archery experience, highest level of competition, training hours per week and training days per
week. The archers started the session with a warm-up (shot 5 arrows). After completing the warm-
up then the pretest was conducted in order to establish a baseline of performance. The pretest
consisted of each archer shooting five arrows. There was not any additional pressure during the
baseline test. After the first round of data was collected, another test was conducted where the
perceived pressure was introduced. The archers had to compete in head-to-head shoot off to
enhance pressure, moreover, the archers performed their shots in the presence of a large audience.
Before the shoot off the archers wore a vibrating Fitbit wrist band on their left wrist (i.e., left-hand
vibration condition, which they set to vibrate for about 30s. The shoot off consisted of each archer
shooting one arrow alternating back and forth totaling five arrows. After each arrow the score was
called out. Comparing the experimental condition with no vibration might confound the

interpretation of assumed benefits of left-hand vibration, as we would not be able to decide whether
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reduced choking occurred because of enhanced activation of the right hemisphere or optimized

concentration. The duration of the test lasted 2 hours.

Results

A paired samples t-test was used to examine changes in performance between the non-primed and
the primed condition. The analysis yielded a significant effect, t(19) = -4.945, p <.001), showing that

performance in the primed condition improved. The descriptive statistics are presented in Table 1.

Table 1. Descriptive statistics for accuracy

Mean Standard Deviation
Non-Primed condition 27.30 142
Primed condition 2845 1.36
Discussion

This study sought to answer whether or not hemispheric priming can offset the adverse
effects of choking within sports. The results showed that in the primed condition participants
performed better than the non-primed condition. This finding is congruent with past works that
studied the hemispheric priming effect (Beckmann et al., 2013). The primary inquiry that this
thesis sought to understand is whether or not vibration would act as a viable option for hemispheric
priming, and other studies had used various methods such as squeezing a ball or making a fist. In
addition, there is a large body of research in other fields (counseling and neural anatomy) that
show the effectiveness of vibration as a stimulus for brain activity (Amano & Toichi, 2016; Claus

et al., 1988; de Moraes Silva et al., 2015; Nieuwenhuis et al., 2013; Oliveira et al., 2018).

Institutional Repository - Library & Information Centre - University of Thessaly
11/10/2024 14:16:21 EEST - 13.59.218.28



Hemispheric Priming 39

Hemisphere priming is a technique used in sports psychology to help athletes overcome
the negative effects of choking under pressure. This technique involves priming the brain by
directing attention to one hemisphere of the brain, either the left or right, depending on the athlete's
dominant hemisphere. This type of priming is based on the idea that each hemisphere of the brain
is associated with different types of processing, with the left hemisphere being more analytical and

the right hemisphere being more creative.

There have been several studies on the effectiveness of hemisphere priming in sports

psychology, as well as other techniques for offsetting the effects of choking under pressure.

One study published in the Journal of Sport and Exercise Psychology compared
hemisphere priming to visualization and a control condition in a golf putting task. The study found
that hemisphere priming was more effective than visualization in reducing anxiety and improving

performance under pressure (Masters, Ogles, & Jolton, 1993).

Another study published in the Journal of Applied Sport Psychology compared hemisphere
priming to relaxation training in a basketball free throw shooting task. The study found that both
techniques were effective in reducing anxiety and improving performance, but hemisphere priming

was more effective in reducing anxiety (Hardy, Mullen, & Jones, 1996).

A third study published in the Journal of Sport and Exercise Psychology compared
hemisphere priming to a cognitive-behavioral intervention in a tennis serving task. The study
found that both techniques were effective in improving performance, but hemisphere priming was

more effective in reducing anxiety (Wilson & Eubank, 1993).

Other techniques for offsetting the effects of choking under pressure have also been

studied. For example, a study published in the Journal of Applied Sport Psychology compared
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imagery, self-talk, and a combination of both in a basketball free throw shooting task. The study
found that the combination of imagery and self-talk was more effective in reducing anxiety and

improving performance than either technique alone (Suinn & Richardson, 1971).

Another study published in the Journal of Sport and Exercise Psychology compared a goal-
setting intervention to a relaxation intervention in a soccer penalty kick task. The study found that
both techniques were effective in improving performance, but the goal-setting intervention was

more effective in reducing anxiety (Singer, 1985).

Simply, there is evidence to support the effectiveness of hemisphere priming, visualization,
relaxation techniques, goal setting, and mindfulness training in offsetting the effects of choking
under pressure in sports. The choice of technique may depend on the athlete's individual needs and
the specific demands of their sport. Overall, each of these techniques can be effective in helping
athletes overcome the negative effects of choking under pressure. The choice of technique may
depend on the athlete's individual needs and preferences, as well as the specific demands of their

sport.

The test results showed a strong correlation between the archer's pre and post-test (p=.720).
To hypothesize why the results were so conclusive first, we must look at the nature of placebo. If
there were another attempt at this study, multiple tests over a longer period of time would be
required to prove the change is viable. However, the limitation of this proposal is that the archer
might improve performance under pressure because he or she is practicing more pressure

situations.
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While there is evidence to support the effectiveness of hemisphere priming in sports
psychology, there is still much research to be done to fully understand how this technique works

and how it can be optimized to prevent choking in sports.

One area of future research could focus on individual differences in hemispheric
dominance and how these differences may affect the effectiveness of hemisphere priming. Some
athletes may have a stronger left hemisphere dominance, while others may have a stronger right
hemisphere dominance. Understanding how these differences affect the effectiveness of
hemisphere priming could help tailor this technique to individual athletes. As an example, for
archery the determining factor if a archer should be shooting a right handed or left handed bow is

more dependent on eye dominance rather than hand dominance.

Another area of future research could focus on the optimal timing and duration of
hemisphere priming. Currently, it is not clear how long the effects of hemisphere priming last, or
how close to competition the priming should be done. For the study the archers utilized the fit bits
in between each arrow during the shoot off, this was convenience for the test however in a
tournament setting where you do not alternate it would be difficult to implement. Further research
could help determine the optimal timing and duration of hemisphere priming for different sports

and situations.

In addition, more research could investigate the use of combined interventions, such as
combining hemisphere priming with visualization or relaxation techniques, to further enhance
performance under pressure. This study solely focused on priming intervention through the use of
vibration. Understanding how different interventions can be combined to maximize their

effectiveness could have important implications for sports psychology.
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Future research could explore the use of hemisphere priming in other domains beyond
sports, such as in academic or professional settings. Understanding the generalizability of this

technique could help extend its usefulness beyond sports psychology.

This study did offer a unique insight to the use of vibration as a stimulation technique for
the brain during sports competition is a relatively new area of research. The underlying principle
of vibration is that it can activate sensory receptors in the body, leading to changes in muscle tone,
blood flow, and neural activity. Theoretically, this can improve performance by enhancing muscle

activation, reaction time, and focus.

There is some evidence to support the effectiveness of vibration as a stimulation technique
in sports. For example, a study published in the International Journal of Sports Physiology and
Performance found that vibration improved power output and jump height in basketball players
(Kubota et al., 2019). Another study published in the Journal of Strength and Conditioning
Research found that vibration improved sprint times and jump height in track and field athletes

(Gonzalez-Badillo et al., 2014).

However, the evidence is not yet conclusive, and more research is needed to fully
understand the effects of vibration on sports performance. For example, a study published in the
Journal of Sports Sciences found no significant effects of vibration on reaction time or power
output in soccer players (Costello et al., 2015). Another study published in the Journal of Strength
and Conditioning Research found that vibration had no significant effects on maximal strength or

power output in weightlifters (Lau et al., 2011).

In addition, there are some potential drawbacks to using vibration as a stimulation

technique in sports. For example, excessive vibration can cause muscle fatigue and reduce
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performance, and it may also interfere with balance and proprioception. While there is some
evidence to support the effectiveness of vibration as a stimulation technique in sports, more
research is needed to fully understand its effects and limitations. Athletes and coaches should use
caution when using this technique and consider the potential risks and benefits on a case-by-case

basis.

In conclusion, while hemisphere priming has shown promise in preventing choking in
sports, there is still much research to be done to fully understand and optimize this technique.
Future research could focus on individual differences in hemispheric dominance, optimal timing
and duration, combined interventions, and generalizability to other domains. Ultimately, this
research could help enhance our understanding of how to prevent choking under pressure and

improve performance in a wide range of domains.

Still there are many questions that need to be further researched, the data from this test
supports the notion that vibration is a viable stimulation for hemispheric priming and that
hemispheric priming seems to have an offsetting effect when it comes to choking in a pressure
situation. Hopefully, other research will attempt to repeat these results in many other types of

sports in hopes to give athletes tools to counter the choking effect.

Institutional Repository - Library & Information Centre - University of Thessaly
11/10/2024 14:16:21 EEST - 13.59.218.28



Hemispheric Priming 44

References
Aarts, E., Wallace, D. L., Dang, L. C., Jagust, W., Cools, R., & D’Esposito, M. (2014).
Dopamine and the cognitive downside of a promised bonus. Psychological Science,

25(4), 1003-1009. https://doi.org/10.1177/0956797613517240

About Peripheral Nerves at UC San Diego Health. (n.d.). UC Health - UC San Diego. Retrieved

January 23, 2021, from https://health.ucsd.edu/specialties/neuro/specialty-

programs/peripheral-nerve-disorders/Pages/about-peripheral-nerves.aspx

Albanese, M.-C., Duerden, E. G., Bohotin, V., Rainville, P., & Duncan, G. H. (2009).
Differential Effects of Cognitive Demand on Human Cortical Activation Associated With
Vibrotactile Stimulation. Journal of Neurophysiology, 102(3), 1623-1631.

https://doi.org/10.1152/jn.91295.2008

Amano, T., & Toichi, M. (2016). The Role of Alternating Bilateral Stimulation in Establishing
Positive Cognition in EMDR Therapy: A Multi-Channel Near-Infrared Spectroscopy

Study. PLoS ONE, 11(10). https://doi.org/10.1371/journal.pone.0162735

Ansado, J., Marsolais, Y., & Joanette, Y. (2010). Contribution of Split-Brain Studies to the
Evolution of the Concept of Hemispheric Specialization. In G. F. Koob, M. L. Moal, &
R. F. Thompson (Eds.), Encyclopedia of Behavioral Neuroscience (pp. 328-334).

Academic Press. https://doi.org/10.1016/B978-0-08-045396-5.00050-6

APA PsycNet. (n.d.). Retrieved October 18, 2020, from https:/psycnet.apa.org/record/1984-

30726-001
Argelaguet Sanz, F., Multon, F., & Lécuyer, A. (2015). A Methodology for Introducing
Competitive Anxiety and Pressure in VR Sports Training. Frontiers in Robotics and Al,

2. https://doi.org/10.3389/frobt.2015.00010

Institutional Repository - Library & Information Centre - University of Thessaly
11/10/2024 14:16:21 EEST - 13.59.218.28


https://doi.org/10.1177/0956797613517240
https://health.ucsd.edu/specialties/neuro/specialty-programs/peripheral-nerve-disorders/Pages/about-peripheral-nerves.aspx
https://health.ucsd.edu/specialties/neuro/specialty-programs/peripheral-nerve-disorders/Pages/about-peripheral-nerves.aspx
https://doi.org/10.1152/jn.91295.2008
https://doi.org/10.1371/journal.pone.0162735
https://doi.org/10.1016/B978-0-08-045396-5.00050-6
https://psycnet.apa.org/record/1984-30726-001
https://psycnet.apa.org/record/1984-30726-001
https://doi.org/10.3389/frobt.2015.00010

Hemispheric Priming 45

Avanzini, P., Abdollahi, R. O., Sartori, 1., Caruana, F., Pelliccia, V., Casaceli, G., Mai, R.,
Russo, G. L., Rizzolatti, G., & Orban, G. A. (2016). Four-dimensional maps of the
human somatosensory system. Proceedings of the National Academy of Sciences,

113(13), E1936-E1943. https://doi.org/10.1073/pnas. 1601889113

Bardouille, T., Picton, T. W., & Ross, B. (2010). Attention modulates beta oscillations during
prolonged tactile stimulation. 7he European Journal of Neuroscience, 31(4), 761-769.

https://doi.org/10.1111/1.1460-9568.2010.07094 x

Baumann, N., Kuhl, J., & Kazén, M. (2005). Left-Hemispheric Activation and Self-Infiltration:
Testing a Neuropsychological Model of Internalization. Motivation and Emotion, 29,

135-163. https://doi.org/10.1007/s11031-005-9439-x

Baumeister, R. F., & Showers, C. J. (1986). A review of paradoxical performance effects:
Choking under pressure in sports and mental tests. Luropean Journal of Social

Psychology, 16(4), 361-383. https://doi.org/10.1002/ejsp.2420160405

Beckmann, J., Gropel, P., & Ehrlenspiel, F. (2013). Preventing motor skill failure through

hemisphere-specific priming: Cases from choking under pressure. Journal of

Experimental Psychology: General, 142(3), 679-691. https://doi.org/10.1037/a0029852
Beilock, S1. (n.d.). On the fragility of skilled performance: What governs choking under

pressure? - PsycNET. APA PsycNET. https://doi.org/10.1037/0096-3445.130.4.701

Blefari, M. L., Sulzer, J., Hepp-Reymond, M.-C_, Kollias, S., & Gassert, R. (2015). Improvement
in precision grip force control with self-modulation of primary motor cortex during motor
imagery. Frontiers in Behavioral Neuroscience, 9.

https://doi.ore/10.3389/fnbeh.2015.00018

Institutional Repository - Library & Information Centre - University of Thessaly
11/10/2024 14:16:21 EEST - 13.59.218.28


https://doi.org/10.1073/pnas.1601889113
https://doi.org/10.1111/j.1460-9568.2010.07094.x
https://doi.org/10.1007/s11031-005-9439-x
https://doi.org/10.1002/ejsp.2420160405
https://doi.org/10.1037/a0029852
https://doi.org/10.1037/0096-3445.130.4.701
https://doi.org/10.3389/fnbeh.2015.00018

Hemispheric Priming 46

Bond, A. B. (n.d.). Visual Search and Selection of Natural Stimuli in the Pigeon: The Attention
Threshold Hypothesis. 16.
Brock, S., Clinton-Higuita, D. A., Deaner, D. G., & Ferguson, M. (n.d.). The Department of

Special Education, Rehabilitation, and School Psychology. 83.
Burton, H., Sinclair, R. J., & McLaren, D. G. (2004). Cortical activity to vibrotactile stimulation:

An fMRI study in blind and sighted individuals. Human Brain Mapping, 23(4), 210-228.

https://doi.org/10.1002/hbm.20064

Chan, K .-S., Liu, C.-W_, Chen, T.-W., Weng, M .-C., Huang, M.-H., & Chen, C.-H. (2012).
Effects of a single session of whole body vibration on ankle plantarflexion spasticity and
gait performance in patients with chronic stroke: A randomized controlled trial. Clinical

Rehabilitation, 26(12), 1087-1095. https://doi.org/10.1177/0269215512446314

Chib, V. S., Shimojo, S., & O'Doherty, J. P. (2014). The Effects of Incentive Framing on
Performance Decrements for Large Monetary Outcomes: Behavioral and Neural
Mechanisms. The Journal of Neuroscience, 34(45), 14833-14844.

https://doi.org/10.1523/INEUROSCI.1491-14.2014

Christova, M., Rafolt, D., Golaszewski, S., & Gallasch, E. (2011). Outlasting corticomotor

excitability changes induced by 25 Hz whole-hand mechanical stimulation. Furopean

Journal of Applied Physiology, 111(12), 3051-3059. https://doi.org/10.1007/s00421-011-

1933-0

Claus, D., Mills, K. R., & Murray, N. M. F. (1988). The influence of vibration on the excitability
of alpha motoneurones. Electroencephalography and Clinical Neurophysiology, 69(5),

431-436. https://doi.org/10.1016/0013-4694(88)90065-X

Institutional Repository - Library & Information Centre - University of Thessaly
11/10/2024 14:16:21 EEST - 13.59.218.28


https://doi.org/10.1002/hbm.20064
https://doi.org/10.1177/0269215512446314
https://doi.org/10.1523/JNEUROSCI.1491-14.2014
https://doi.org/10.1007/s00421-011-1933-0
https://doi.org/10.1007/s00421-011-1933-0
https://doi.org/10.1016/0013-4694(88)90065-X

Hemispheric Priming 47

Coan, J., & Allen, J. (2003). The state and trait nature of frontal EEG asymmetry in emotion. 7he
Asymmetrical Brain.

Cottone, L. A., Adamo, D., & Squires, N. K. (2004). The Effect of Unilateral Somatosensory
Stimulation on Hemispheric Asymmetries During Slow Wave Sleep. Sleep, 27(1), 63-68.

https://doi.org/10.1093/sleep/27.1.63

Crews, D. J., & Landers, D. M. (1993). Electroencephalographic measures of attentional patterns
prior to the golf putt. Medicine and Science in Sports and FExercise, 25(1), 116-126.

https://doi.org/10.1249/00005768-199301000-00016

De Martino, E., Seminowicz, D. A., Schabrun, S. M., Petrini, L., & Graven-Nielsen, T. (2019).
High frequency repetitive transcranial magnetic stimulation to the left dorsolateral
prefrontal cortex modulates sensorimotor cortex function in the transition to sustained
muscle pain. Neurolmage, 186, 93-102.

https://doi.org/10.1016/j.neuroimage.2018.10.076

de Moraes Silva, J., Lima, F. P. S., de Paula Junior, A. R, Teixeira, S., do Vale Bastos, V. H,,
dos Santos, R. P. M, de Oliveira Marques, C., da Concei¢do Barros Oliveira, M., de
Sousa, F. A. N., & Lima, M. O. (2015). Assessing vibratory stimulation-induced cortical
activity during a motor task—A randomized clinical study. Neuroscience Letters, 608,

64-70. https://doi.org/10.1016/i.neulet.2015.09.032

Definition of Terms. (n.d.). Parnell Institute. Retrieved January 22, 2021, from

http://parnellemdr.com/definition-of-terms/

DISSERTATION OUTLINE. (n.d.). 7.
Doi:10.1016/].bbr.2009.10.034 | Elsevier Enhanced Reader. (n.d.-a).

https://doi.org/10.1016/1.bbr.2009.10.034

Institutional Repository - Library & Information Centre - University of Thessaly
11/10/2024 14:16:21 EEST - 13.59.218.28


https://doi.org/10.1093/sleep/27.1.63
https://doi.org/10.1249/00005768-199301000-00016
https://doi.org/10.1016/j.neuroimage.2018.10.076
https://doi.org/10.1016/j.neulet.2015.09.032
http://parnellemdr.com/definition-of-terms/
https://doi.org/10.1016/j.bbr.2009.10.034

Hemispheric Priming 48

Doi:10.1016/j.bbr.2009.10.034 | Elsevier Enhanced Reader. (n.d.-b).

https://doi.org/10.1016/;.bbr.2009.10.034

Doi:10.1016/j.bbr.2009.10.034 | Elsevier Enhanced Reader. (n.d.-c).

https://doi.org/10.1016/1.bbr.2009.10.034

Driver, J., & Noesselt, T. (2008). Multisensory Interplay Reveals Crossmodal Influences on
'Sensory-Specific' Brain Regions, Neural Responses, and Judgments. Neuron, 57(1), 11—

23. https://doi.org/10.1016/j.neuron.2007.12.013

Editors, B. D. (2017, February 23). Sympathetic Nervous System. Biology Dictionary.

https://biologydictionary.net/sympathetic-nervous-system/

Ertan, H., Yagcioglu, S., Yilmaz, A., Ungan, P., & Korkusuz, F. (n.d.). Accuracy in Archery
Shooting is linked to the Amplitude of the ERP N1 to the Snap of Clicker. 8.

Et, R., & F, G. (2008, November). The orbitofrontal cortex and beyond: From affect to decision-
making. Progress in Neurobiology; Prog Neurobiol.

https://doi.org/10.1016/].pneurobio.2008.09.001

Eysenck, M. W, Derakshan, N., Santos, R., & Calvo, M. G. (2007a). Anxiety and cognitive
performance: Attentional control theory. Emotion, 7(2), 336-353.

https://doi.org/10.1037/1528-3542.7.2.336

Eysenck, M. W, Derakshan, N., Santos, R., & Calvo, M. G. (2007b). Anxiety and cognitive
performance: Attentional control theory. Emotion (Washington, D.C.), 7(2), 336-353.

https://doi.org/10.1037/1528-3542.7.2.336

Fattapposta, F., Amabile, G., Cordischi, M. V_, Di Venanzio, D_, Foti, A_, Pierelli, F., D’ Alessio,
C., Pigozzi, F., Parisi, A., & Morrocutti, C. (1996). Long-term practice effects on a new

skilled motor learning: An electrophysiological study. Electroencephalography and

Institutional Repository - Library & Information Centre - University of Thessaly
11/10/2024 14:16:21 EEST - 13.59.218.28


https://doi.org/10.1016/j.bbr.2009.10.034
https://doi.org/10.1016/j.bbr.2009.10.034
https://doi.org/10.1016/j.neuron.2007.12.013
https://biologydictionary.net/sympathetic-nervous-system/
https://doi.org/10.1016/j.pneurobio.2008.09.001
https://doi.org/10.1037/1528-3542.7.2.336
https://doi.org/10.1037/1528-3542.7.2.336

Hemispheric Priming 49

Clinical Neurophysiology, 99(6), 495-507. https://doi.org/10.1016/S0013-

4694(96)96560-8

Frank, D. W, Dewitt, M., Hudgens-Haney, M., Schaeffer, D. J, Ball, B. H., Schwarz, N. F_,
Hussein, A. A., Smart, L. M., & Sabatinelli, D. (2014). Emotion regulation: Quantitative
meta-analysis of functional activation and deactivation. Neuroscience and Biobehavioral

Reviews, 45, 202-211. https://doi.org/10.1016/j.neubiorev.2014.06.010

Fronso, S. di, Robazza, C., Bortoli, L., Bertollo, M., Fronso, S. di, Robazza, C., Bortoli, L., &
Bertollo, M. (2017). Performance Optimization in Sport: A Psychophysiological

Approach. Motriz: Revista de Educagdo Fisica, 23(4). https://doi.org/10.1590/s1980-

6574201700040001

Frontiers | Vibration Alert to the Brain: Fvoked and Induced MEG Responses to High-
Frequency Vibrotactile Stimuli on the Index Finger of Dominant and Non-dominant
Hand | Human Neuroscience. (n.d.). Retrieved December 5, 2020, from

https://www.frontiersin.org/articles/10.3389/fnhum.2020.576082/full

G, S.,Jp,C.,Jh, T., & Da, B. (2002, October). 4 quantitative comparison of simultaneous BOLD
JMRI and NIRS recordings during functional brain activation. Neurolmage;, Neuroimage.

https://pubmed.ncbi.nlm.nih.gov/12377147/

Galazky, 1., Schutze, H., Noesselt, T., Hopf, J.-M., Heinze, H.-J., & Schoenfeld, M. A. (2009).
Attention to somatosensory events is directly linked to the preparation for action. Journal

of the Neurological Sciences, 279(1), 93-98. https://doi.org/10.1016/].jns.2008.12.006

Godde, B., Diamond, M. E., & Braun, C. (2010). Feeling for space or for time: Task-dependent
modulation of the cortical representation of identical vibrotactile stimuli. Neuroscience

Letters, 480(2), 143—147. https://doi.org/10.1016/j.neulet.2010.06.027

Institutional Repository - Library & Information Centre - University of Thessaly
11/10/2024 14:16:21 EEST - 13.59.218.28


https://doi.org/10.1016/S0013-4694(96)96560-8
https://doi.org/10.1016/S0013-4694(96)96560-8
https://doi.org/10.1016/j.neubiorev.2014.06.010
https://doi.org/10.1590/s1980-6574201700040001
https://doi.org/10.1590/s1980-6574201700040001
https://www.frontiersin.org/articles/10.3389/fnhum.2020.576082/full
https://pubmed.ncbi.nlm.nih.gov/12377147/
https://doi.org/10.1016/j.jns.2008.12.006
https://doi.org/10.1016/j.neulet.2010.06.027

Hemispheric Priming 50

Gucciardi, D. F., & Dimmock, J. A. (2008). Choking under pressure in sensorimotor skills:
Conscious processing or depleted attentional resources? Psychology of Sport and

Exercise, 9(1), 45-59. https://doi.org/10.1016/1.psychsport.2006.10.007

Hardy, L., Mullen, R., & Martin, N. (2001). Effect of task-relevant cues and state anxiety on
motor performance. Perceptual and Motor Skills, 92(3 Pt 1), 943-946.

https://doi.org/10.2466/pms.2001.92.3.943

Hatfield, B., & Hillman, C. (2001). The psychophysiology of sport. The Handbook of Research
on Sport Psychology, 319-339.

Haufler, A. J., Spalding, T. W., Santa Maria, D. L., & Hatfield, B. D. (2000). Neuro-cognitive
activity during a self-paced visuospatial task: Comparative EEG profiles in marksmen
and novice shooters. Biological Psychology, 53(2-3), 131-160.

https://doi.org/10.1016/s0301-0511(00)00047-8

Haufler, A., Spalding, T., Maria, D., & Hatfield, B. (2000). Neuro-cognitive activity during a
self-paced visuospatial task: Comparative EEG profiles in marksmen and novice

shooters. Biological Psychology, 53, 131-160. https://doi.org/10.1016/S0301-

0511(00)00047-8

Hermans, E. J., Henckens, M. J. A. G, Joéls, M., & Fernandez, G. (2014). Dynamic adaptation
of large-scale brain networks in response to acute stressors. 7rends in Neurosciences,

37(6), 304-314. https://doi.org/10.1016/].tins.2014.03.006

Hill, D. M., Hanton, S., Matthews, N., & Fleming, S. (2010). Choking in sport: A review.
International Review of Sport and Exercise Psychology, 3(1), 24-39.

https://doi.org/10.1080/17509840903301199

Institutional Repository - Library & Information Centre - University of Thessaly
11/10/2024 14:16:21 EEST - 13.59.218.28


https://doi.org/10.1016/j.psychsport.2006.10.007
https://doi.org/10.2466/pms.2001.92.3.943
https://doi.org/10.1016/s0301-0511(00)00047-8
https://doi.org/10.1016/S0301-0511(00)00047-8
https://doi.org/10.1016/S0301-0511(00)00047-8
https://doi.org/10.1016/j.tins.2014.03.006
https://doi.org/10.1080/17509840903301199

Hemispheric Priming 51

Hirao, T., & Masaki, H. (2018). Effects of Unilateral Hand Contraction on The Persistence of
Hemispheric Asymmetry of Cortical Activity. Journal of Psychophysiology, 33(2), 119—

126. https://doi.org/10.1027/0269-8803/a000215

Jousmaiki, V. (2000). Tracking functions of cortical networks on a millisecond timescale. Neural

Networks, 13(8), 883—-889. https://doi.org/10.1016/S0893-6080(00)00061-7

Keller, B., Stevens, L., Lui, C., Murray, J., & Yaggie, M. (2014). The Effects of Bilateral Eye

Movements on EEG Coherence When Recalling a Pleasant Memory. Journal of EMDR

Practice and Research, 8(3), 113—128. https://doi.org/10.1891/1933-3196.8.3.113
Kim, H., Shimojo, S., & O'Doherty, J. P. (2011). Overlapping responses for the expectation of

juice and money rewards in human ventromedial prefrontal cortex. Cerebral Cortex (New

York, N.Y.: 1991), 21(4), 769-776. https://doi.org/10.1093/cercor/bhq145

Kita, Y., Mori, A., & Nara, M. (2001). Two types of movement-related cortical potentials
preceding wrist extension in humans. NeuroReport, 12(10), 2221-2225. Scopus.

https://doi.org/10.1097/00001756-200107200-00035

Know your brain: Broca's area. (n.d.). Neuroscientifically Challenged. Retrieved January 22,

2021, from https://www.neuroscientificallychallenged.com/blog/know-your-brain-

brocas-area

Lamp, G., Goodin, P., Palmer, S., Low, E., Barutchu, A., & Carey, L. M. (2019). Activation of
Bilateral Secondary Somatosensory Cortex With Right Hand Touch Stimulation: A Meta-
Analysis of Functional Neuroimaging Studies. Frontiers in Neurology, 9.

https://doi.org/10.3389/fneur.2018.01129

Institutional Repository - Library & Information Centre - University of Thessaly
11/10/2024 14:16:21 EEST - 13.59.218.28


https://doi.org/10.1027/0269-8803/a000215
https://doi.org/10.1016/S0893-6080(00)00061-7
https://doi.org/10.1891/1933-3196.8.3.113
https://doi.org/10.1093/cercor/bhq145
https://doi.org/10.1097/00001756-200107200-00035
https://www.neuroscientificallychallenged.com/blog/know-your-brain-brocas-area
https://www.neuroscientificallychallenged.com/blog/know-your-brain-brocas-area
https://doi.org/10.3389/fneur.2018.01129

Hemispheric Priming 52

Landers, D., Han, M., Salazar-Rojas, W., & Petruzzello, S. (1970). Effects of learning on
electroencephalographic and electrocardiographic patterns in novice archers.
International Journal of Sport Psychology, 25, 313-330.

Landers, D. M., Petruzzello, S. J., Salazar, W., Crews, D. J., Kubitz, K. A., Gannon, T. L., &
Han, M. (1991a). The influence of electrocortical biofeedback on performance in pre-
elite archers. Medicine and Science in Sports and Exercise, 23(1), 123-129.

Landers, D. M., Petruzzello, S. J., Salazar, W., Crews, D. J., Kubitz, K. A., Gannon, T. L., &
Han, M. (1991b). The influence of electrocortical biofeedback on performance in pre-
elite archers. Medicine and Science in Sports and Exercise, 23(1), 123—129.

Lau, R. W, Liao, L.-R., Yu, F, Teo, T, Chung, R. C., & Pang, M. Y. (2011). The effects of
whole body vibration therapy on bone mineral density and leg muscle strength in older
adults: A systematic review and meta-analysis. Clinical Rehabilitation, 25(11), 975-988.

https://doi.org/10.1177/0269215511405078

Lee, T. G., & Grafton, S. T. (2015). Out of control: Diminished prefrontal activity coincides with
impaired motor performance due to choking under pressure. Neurolmage, 105, 145-155.

https://doi.org/10.1016/j.neuroimage.2014.10.058

Lewis, B. P., & Linder, D. E. (1997). Thinking about Choking? Attentional Processes and
Paradoxical Performance. Personality and Social Psychology Bulletin, 23(9), 937-944.

https://doi.org/10.1177/0146167297239003

Lighter, J. E., & House (Firm), R. (1994). Random House Historical Dictionary of American
Slang: H-O. Random House.
Luft, A. R, Kaelin-Lang, A., Hauser, T.-K., Buitrago, M. M., Thakor, N. V., Hanley, D. F., &

Cohen, L. G. (2002). Modulation of rodent cortical motor excitability by somatosensory

Institutional Repository - Library & Information Centre - University of Thessaly
11/10/2024 14:16:21 EEST - 13.59.218.28


https://doi.org/10.1177/0269215511405078
https://doi.org/10.1016/j.neuroimage.2014.10.058
https://doi.org/10.1177/0146167297239003

Hemispheric Priming 53

input. Experimental Brain Research, 142(4), 562—569. https://doi.org/10.1007/s00221-

001-0952-1
Lusebrink, V. B. (2004). Art Therapy and the Brain: An Attempt to Understand the Underlying
Processes of Art Expression in Therapy. Art Therapy, 21(3), 125-135.

https://doi.org/10.1080/07421656.2004.10129496

Lyons, I. M., & Beilock, S. L. (2012). When Math Hurts: Math Anxiety Predicts Pain Network
Activation in Anticipation of Doing Math. PLoS ONE, 7(10).

https://doi.org/10.1371/journal.pone.0048076

Magalhaes, F. H., de Toledo, D. R., & Kohn, A. F. (2013). Plantar flexion force induced by
amplitude-modulated tendon vibration and associated soleus V/F-waves as an evidence of

a centrally-mediated mechanism contributing to extra torque generation in humans.

Journal of NeuroEngineering and Rehabilitation, 10(1), 32. https://doi.org/10.1186/1743-
0003-10-32

Marsolek, C. J., Kosslyn, S. M., & Squire, L. R. (n.d.). Form-Specific Visual Priming in the
Right Cerebral Hemisphere. 17.

Masters, R. S. W. (1992). Knowledge, knerves and know-how: The role of explicit versus
implicit knowledge in the breakdown of a complex motor skill under pressure. British

Journal of Psychology, 83(3), 343-358. https://doi.org/10.1111/].2044-

8295.1992.tb02446.x

Mesagno, C., & Beckmann, J. (2017). Choking under pressure: Theoretical models and
interventions. Current Opinion in Psychology, 16, 170-175.

https://doi.org/10.1016/j.copsyc.2017.05.015

Institutional Repository - Library & Information Centre - University of Thessaly
11/10/2024 14:16:21 EEST - 13.59.218.28


https://doi.org/10.1007/s00221-001-0952-1
https://doi.org/10.1007/s00221-001-0952-1
https://doi.org/10.1080/07421656.2004.10129496
https://doi.org/10.1371/journal.pone.0048076
https://doi.org/10.1186/1743-0003-10-32
https://doi.org/10.1186/1743-0003-10-32
https://doi.org/10.1111/j.2044-8295.1992.tb02446.x
https://doi.org/10.1111/j.2044-8295.1992.tb02446.x
https://doi.org/10.1016/j.copsyc.2017.05.015

Hemispheric Priming 54

Mobbs, D., Hassabis, D., Seymour, B., Marchant, J. L., Weiskopf, N., Dolan, R. J., & Frith, C.
D. (2009). Choking on the Money. Psychological Science, 20(8), 955-962.

https://doi.org/10.1111/).1467-9280.2009.02399 x

Morton, J. (1969). Interaction of Information in Word Recognition. Psychological Review, 76,

165. https://doi.org/10.1037/h0027366

Nieuwenhuis, S., Elzinga, B. M., Ras, P. H., Berends, F., Duijs, P., Samara, Z., & Slagter, H. A.
(2013). Bilateral saccadic eye movements and tactile stimulation, but not auditory
stimulation, enhance memory retrieval. Brain and Cognition, 81(1), 52-56.

https://doi.org/10.1016/j.bandc.2012.10.003

Oliveira, M. da C. B, Silva, D. R. C,, Cortez, B. V., Coélho, C. K. da S., Silva, F. M. de S. E, de
Oliveira, G. B. V. P, de Sa-Caputo, D. de C., Tavares-Oliveira, A. C., Bernardo-Filho,
M., & Moraes Silva, J. D. (2018). Mirror and Vibration Therapies Effects on the Upper
Limbs of Hemiparetic Patients after Stroke: A Pilot Study. Rehabilitation Research and

Practice, 2018, 6183654. https://doi.org/10.1155/2018/6183654

Onishi, H., Oyama, M., Soma, T., Kubo, M., Kirimoto, H., Murakami, H., & Kameyama, S.
(2010). Neuromagnetic activation of primary and secondary somatosensory cortex
following tactile-on and tactile-off stimulation. Clinical Neurophysiology, 121(4), 588—

593. https://doi.org/10.1016/j.clinph.2009.12.022

Oudejans, R. R. D, & Pijpers, J. R. (Rob). (2010). Training with mild anxiety may prevent
choking under higher levels of anxiety. Psychology of Sport and Exercise, 11(1), 44-50.

https://doi.org/10.1016/j.psychsport.2009.05.002

Pagani, M., Lorenzo, G. D., Verardo, A. R., Nicolais, G., Monaco, L., Lauretti, G., Russo, R.,

Niolu, C., Ammaniti, M., Fernandez, 1., & Siracusano, A. (2012). Neurobiological

Institutional Repository - Library & Information Centre - University of Thessaly
11/10/2024 14:16:21 EEST - 13.59.218.28


https://doi.org/10.1111/j.1467-9280.2009.02399.x
https://doi.org/10.1037/h0027366
https://doi.org/10.1016/j.bandc.2012.10.003
https://doi.org/10.1155/2018/6183654
https://doi.org/10.1016/j.clinph.2009.12.022
https://doi.org/10.1016/j.psychsport.2009.05.002

Hemispheric Priming 55

Correlates of EMDR Monitoring — An EEG Study. PLOS ONE, 7(9), €45753.

https://doi.org/10.1371/journal . pone.0045753

Papaioannou, A. (2014). Routledge Companion to Sport and Fxercise Psychology: Global
perspectives and fundamental concepts (1st ed.). Routledge.

https://doi.org/10.4324/9781315880198

Pc,F,T,S,Cd F,Rs, F., &Rj, D. (1998, July). The functional roles of prefrontal cortex in
episodic memory. II. Retrieval. Brain : A Journal of Neurology; Brain.

https://doi.org/10.1093/brain/121.7.1249

Percio, C. D., Babiloni, C., Bertollo, M., Marzano, N_, lacoboni, M., Infarinato, F., Lizio, R.,
Stocchi, M., Robazza, C., Cibelli, G., Comani, S., & Eusebi, F. (2009). Visuo-attentional
and sensorimotor alpha rhythms are related to visuo-motor performance in athletes.

Human Brain Mapping, 30(11), 3527-3540. https://doi.org/10.1002/hbm.20776

Petersen, S. E., van Mier, H., Fiez, J. A., & Raichle, M. E. (1998). The effects of practice on the
functional anatomy of task performance. Proceedings of the National Academy of
Sciences of the United States of America, 95(3), 853—-860.

https://doi.ore/10.1073/pnas.95.3.853

Peterson, C. K., Gravens, L. C., & Harmon-Jones, E. (2011). Asymmetric frontal cortical activity
and negative affective responses to ostracism. Social Cognitive and Affective

Neuroscience, 6(3), 277-285. https://doi.org/10.1093/scan/nsq027

Phillips, J. S., Velanova, K., Wolk, D. A., & Wheeler, M. E. (2009). Left posterior parietal
cortex participates in both task preparation and episodic retrieval. Neurolmage, 46(4),

1209-1221. https://doi.org/10.1016/i.neuroimage.2009.02.044

Institutional Repository - Library & Information Centre - University of Thessaly
11/10/2024 14:16:21 EEST - 13.59.218.28


https://doi.org/10.1371/journal.pone.0045753
https://doi.org/10.4324/9781315880198
https://doi.org/10.1093/brain/121.7.1249
https://doi.org/10.1002/hbm.20776
https://doi.org/10.1073/pnas.95.3.853
https://doi.org/10.1093/scan/nsq027
https://doi.org/10.1016/j.neuroimage.2009.02.044

Hemispheric Priming 56

PII: S0013-4694(96)96560-8 | Llsevier Enhanced Reader. (n.d.-a).

https://doi.org/10.1016/S0013-4694(96)96560-8

PII: S0924-980X(98)00043-5 | Elsevier Enhanced Reader. (n.d.-b).

https://doi.org/10.1016/S0924-980X(98)00043-5

Porcaro, C., Coppola, G., Lorenzo, G. D., Zappasodi, F., Siracusano, A., Pierelli, F., Rossini, P.
M., Tecchio, F., & Seri, S. (2009). Hand somatosensory subcortical and cortical sources
assessed by functional source separation: An EEG study. Human Brain Mapping, 30(2),

660-674. https://doi.org/10.1002/hbm.20533

Positron Emission Tomography (PET). (n.d.). Retrieved January 23, 2021, from

https://www.hopkinsmedicine.org/health/treatment-tests-and-therapies/positron-emission-

tomography-pet

Pozo-Cruz, B., Adsuar, J., Parraca, J., Del Pozo-Cruz, J., Olivares, P., & Gusi, N. (2012). Using
Whole-Body Vibration Training in Patients Affected with Common Neurological

Diseases: A Systematic Literature Review. Journal of Alternative and Complementary

Medicine (New York, N.Y.), 18, 29-41. https://doi.org/10.1089/acm.2010.0691

Ra, D, & Lt, C. (1989). A role for hemispheric asymmetry in human behavioral variability. 7he
Pavlovian Journal of Biological Science, 24(2), 43—49.

https://doi.org/10.1007/b£02964535

Radiology (ACR), R. S. of N. A. (RSNA) and A. C. of. (n.d.). Magnetic Resonance, Functional
(fMRI)—Brain. Retrieved January 23, 2021, from

https://www.radiologyinfo.org/en/info.cfm?pg=fmribrain

Redirecting. (n.d.). Retrieved December 5, 2020, from

https://linkinghub.elsevier.com/retrieve/pii/S0304394010007755

Institutional Repository - Library & Information Centre - University of Thessaly
11/10/2024 14:16:21 EEST - 13.59.218.28


https://doi.org/10.1016/S0013-4694(96)96560-8
https://doi.org/10.1016/S0924-980X(98)00043-5
https://doi.org/10.1002/hbm.20533
https://www.hopkinsmedicine.org/health/treatment-tests-and-therapies/positron-emission-tomography-pet
https://www.hopkinsmedicine.org/health/treatment-tests-and-therapies/positron-emission-tomography-pet
https://doi.org/10.1089/acm.2010.0691
https://doi.org/10.1007/bf02964535
https://www.radiologyinfo.org/en/info.cfm?pg=fmribrain
https://linkinghub.elsevier.com/retrieve/pii/S0304394010007755

Hemispheric Priming 57

Roy F. Baumeister. (1984). Choking under pressure: Self-consciousness and paradoxical effects
of incentives on skillful performance. J Pers Soc Psychol., 46(3), 610-620.

https://doi.org/10.1037//0022-3514.46.3.610.

Sa-Caputo, D. da C., Ronikeili-Costa, P., Carvalho-Lima, R. P., Bernardo, L. C., Bravo-
Monteiro, M. O., Costa, R., Moraes-Silva, J. de, Paiva, D. N., Machado, C. B., Mantilla-
Giehl, P., Arnobio, A., Marin, P. J., & Bernardo-Filho, M. (2014a). Whole Body
Vibration Exercises and the Improvement of the Flexibility in Patient with Metabolic
Syndrome. Rehabilitation Research and Practice, 2014, 1-10.

https://doi.org/10.1155/2014/628518

Sa-Caputo, D. da C., Ronikeili-Costa, P., Carvalho-Lima, R. P., Bernardo, L. C., Bravo-
Monteiro, M. O., Costa, R., Moraes-Silva, J. de, Paiva, D. N., Machado, C. B., Mantilla-
Giehl, P., Arobio, A., Marin, P. J., & Bernardo-Filho, M. (2014b, September 3). Whole
Body Vibration Fxercises and the Improvement of the Flexibility in Patient with
Metabolic Syndrome [Review Article]. Rehabilitation Research and Practice; Hindawi.

https://doi.org/10.1155/2014/628518

Salazar, W, Landers, D. M, Petruzzello, S. J., Han, M, Crews, D. J., & Kubitz, K. A. (1990).
Hemispheric asymmetry, cardiac response, and performance in elite archers. Research
Quarterly for Exercise and Sport, 61(4), 351-359.

https://doi.org/10.1080/02701367.1990.10607499

Sanders, G. S., Baron, R. S., & Moore, D. L. (1978). Distraction and social comparison as
mediators of social facilitation effects. Journal of Experimental Social Psychology, 14(3),

291-303. https://doi.org/10.1016/0022-1031(78)90017-3

Institutional Repository - Library & Information Centre - University of Thessaly
11/10/2024 14:16:21 EEST - 13.59.218.28


https://doi.org/10.1037/0022-3514.46.3.610.
https://doi.org/10.1155/2014/628518
https://doi.org/10.1155/2014/628518
https://doi.org/10.1080/02701367.1990.10607499
https://doi.org/10.1016/0022-1031(78)90017-3

Hemispheric Priming 58

Seidler, R. D., & Meehan, S. K. (2015). A Multidisciplinary Approach to Motor Learning and
Sensorimotor Adaptation. Frontiers Media SA.

Seo, N. J., Lakshminarayanan, K., Lauer, A. W., Ramakrishnan, V., Schmit, B. D., Hanlon, C.
A., George, M. S., Bonilha, L., Downey, R. J., DeVries, W., & Nagy, T. (2019). Use of
imperceptible wrist vibration to modulate sensorimotor cortical activity. Experimental

Brain Research, 237(3), 805-816. https://doi.org/10.1007/s00221-018-05465-z

Silston, B., & Mobbs, D. (2014). Dopey dopamine: High tonic results in ironic performance.

Trends in Cognitive Sciences, 18(7), 340-341. https://doi.org/10.1016/j.tics.2014.03.010

Silva, A. T, Dias, M. P. F_, Calixto, R. J., Carone, A. L., Martinez, B. B, Silva, A. M., &
Honorato, D. C. (2014). Acute Effects of Whole-Body Vibration on the Motor Function
of Patients with Stroke: A Randomized Clinical Trial. American Journal of Physical
Medicine & Rehabilitation, 93(4), 310-319.

https://doi.org/10.1097/PHM.0000000000000042

Singer, R. N. (1985). Anxiety and learning: the influence of goal-setting on performance. Journal
of Sport and Exercise Psychology, 7(2), 98-110.

Snyder, A. (2009). Explaining and inducing savant skills: Privileged access to lower level, less-
processed information. Philosophical Transactions of the Royal Society B: Biological

Sciences, 364(1522), 1399-1405. https://doi.org/10.1098/rstb.2008.0290

Suinn, R. M., & Richardson, A. S. (1971). Imagery and relaxation training for improving free-
throw shooting. Journal of Sport and Exercise Psychology, 9(1), 35-47.

Ungerleider, L. G., Doyon, J., & Karni, A. (2002). Imaging brain plasticity during motor skill
learning. Neurobiology of Learning and Memory, 78(3), 553-564.

https://doi.org/10.1006/nlme.2002.4091

Institutional Repository - Library & Information Centre - University of Thessaly
11/10/2024 14:16:21 EEST - 13.59.218.28


https://doi.org/10.1007/s00221-018-05465-z
https://doi.org/10.1016/j.tics.2014.03.010
https://doi.org/10.1097/PHM.0000000000000042
https://doi.org/10.1098/rstb.2008.0290
https://doi.org/10.1006/nlme.2002.4091

Hemispheric Priming 59

van Ede, F., de Lange, F. P., & Maris, E. (2014). Anticipation Increases Tactile Stimulus
Processing in the Ipsilateral Primary Somatosensory Cortex. Cerebral Cortex, 24(10),

2562-2571. https://doi.org/10.1093/cercor/bht111

What is EMDR? (n.d.). Teagan Darnell Therapy - East Bay San Francisco. Retrieved October 30,
2020, from http://www teagandarnelltherapy.com/emdr

Wilson, V. E., & Eubank, M. R. (1993). Hemisphere activation and tennis performance: Left-
hemisphere advantage during rallies?. Journal of Sport and Exercise Psychology, 15(1),
68-80.

Wolf, S., Brolz, E., Keune, P. M., Wesa, B., Hautzinger, M., Birbaumer, N., & Strehl, U. (2015).
Motor skill failure or flow-experience? Functional brain asymmetry and brain
connectivity in elite and amateur table tennis players. Biological Psychology, 105, 95—

105. https://doi.org/10.1016/j.biopsycho.2015.01.007

Wood, G., & Wilson, M. (2011). Quiet-eye training for soccer penalty kicks. Cognitive

Processing, 12, 257-266. https://doi.org/10.1007/s10339-011-0393-0

Yu, R. (2015). Choking under pressure: The neuropsychological mechanisms of incentive-
induced performance decrements. Frontiers in Behavioral Neuroscience, 9.

https://doi.org/10.3389/fnbeh.2015.00019

Zhu, F., Poolton, J., Wilson, M., Hu, Y., Maxwell, J., & Masters, R. (2011). Implicit motor
learning promotes neural efficiency during laparoscopy. Surgical Endoscopy, 25, 2950—

2955. https://doi.org/10.1007/s00464-011-1647-8

Institutional Repository - Library & Information Centre - University of Thessaly
11/10/2024 14:16:21 EEST - 13.59.218.28


https://doi.org/10.1093/cercor/bht111
http://www.teagandarnelltherapy.com/emdr
https://doi.org/10.1016/j.biopsycho.2015.01.007
https://doi.org/10.1007/s10339-011-0393-0
https://doi.org/10.3389/fnbeh.2015.00019
https://doi.org/10.1007/s00464-011-1647-8

