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a coaches’ perspective

Henk Kraaijenhol *, Amstelveen, Holland

Although the funcooning of the human brain dunng
exercise and tramng has been the subject of research since
1950 (1), recent developments 1n fechnelogies and
electronics make it pessible to investigate this most
complex and interesting human performance organ,

For practical use in sports the following fields of bran
functions will be descnbed:

- brain-slates, as measured by EEG

- biofeedback

- hemispheric lateralization and ity implications for
EpOITs

Brain-states

Resaarch of brain-geuvity during exercise and traning
has been perfomed since 1950 (1),

Most research in this field has been done by EEG-
MEASUIEITENS,

EEG measures the elecuic activiry of the brain by sensi-
tve electrodes placed on the scalp. According to the Inter-
national Federadon of Sccienes for Elecwoencephalograpy
und Clinical Mevrophyeislogy, the mosr imporant brain-
witved can be distinguished:

Wave Freguency State

Beta waves 13-33 H alert, awake

Alpha waves  8-13 Hz ayes closed

Thetu waves 4-F Hz twilight zone between
waking and slecping

Delta waves .54 Hz deep slesp

The level of arousal of the brain is related two the
fraquency of the brain-waves, the higher the frequency, the
hizher the level af arousal.

The brain-sctivity is not homogenoous over the scalp,
some parts may display another frequency than other parts,
depending on the actvity of the underlying brain-lobes,

One of the main problems for athletes iz the control of
their arousal before important competiticns.

The coach wants to prevent the athlete from being too
NETVORE or e eoal”.
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A concept 1§ the descripoion of three pre-start caondinons
(2):
| - optimum startcandition

-
-

- startfever (arousal too high)
3 - startapathy (arousal too low, main asign of inhibition-

processes)

lhese conditons coincide with the clasiical concept of
the Yerkes-Dodson law that shows an aptimum relationship
between arousal and performance,

Although this concept has been modified, it has still
practical validicy and still shows there is an optimum level
of arousal (3,4).

Especially in the former Soviet-Union many attempts
have been made to measure arousal in precompetition
sfluationy e.g. by measuring galvanic skin response of skin
resistance and other purameters, These measurements werd
used to stedy the optmum levels of arousal and 1o find ways
to optimize them, in order to reach a state of maximuam
performance (3).

Modem equipment nar anly malkees it possible to measure
brain-waves, but also to process that information and give
areal-ume visual display as feedback ar feedback by means
of acoustc information like tones or music (6).

In this way the athlete leams to contol his or her own
brain acnvicy, which is helpful in adjustng to the nght level
of aroussl.

In some equipment multi-modal input can be processed
like EEG, EMC (elecmomyography), skin temperamre and
skin resistance, all simultaneously.

EEG-biofeadback has been usad and shown usclul in
many clinical setings (7, 8).

But EEC-measurements 2an alsa be helpful in sports,
moniter changes in brain activity during éxercise (1, 9, 10,
11) 2.2. t0 prevent a state of overtraining {1). or 10 be
ansformed into feadback-information (12

Biofeedback

Biofesdback can be used to monitor and 1o conael the
athlete's internal processes.

Alrsadv  succesfully used in clipical setongs,
biofesdback can also be used o contul and oprimize level
of the arousal in the preparation of athletes (13, [4).

A wellknown applicaton of biofeedback squipment is
the polygraph or the lie decscror whers biofesdback
equipment i5 used to moaitor the changes in arousal upen
verbal Guestioning,
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The difference with bieteedback is thar in case of the
polygraph not the subject, but the interrogator ets the
informarian aboul thee physielogical chunges,

In sparts the widespread use of ranning, cycling or row-
ing with a heart rate monitor 15 nothing else than a
biofeedback method, assuring an opumum level of traming-
inrensity

The input can be;

- heartrace

- skin resisiance of GSHK
- EMIG

-EEG

- tﬂﬂlpﬂrﬂml':

Thes culpul can he:
Acoustie: - beeps [rom o heart rate monitor
- one's favorite CD or piece of music from a
multimedia-computer,
Yisual: a computer moenitor can display the feedback in
the form of)
- line or bargraphs
- numbers
- dials
- changes of colours
- changes of shapes
- playing of videnfilms

A practical example is when one wants (o 12ach the
athlete to generate alpha-state (8-13 Hz).

The alpha and also the thets state are optimal for the
processing of information such as visualizatons of move-
ments like in competitions or for mental programming.

One can define the alpha state as such and when the
athlets zenerates more than 7 Hz, but less than 13 Hz lethim
ar her listen ta his favourit piecs of music or natoral sounds
like gentle minfall, rushing brocks or waves on a beach.
When these programmed sounds appear the arhlate knows
he or she reached the demanded alpha state. Quiet music or
natural sounds also increase the presences ot the aipna sate.

When the athlete is in alpha state, he bears the sounds,
produced by his own brainwaves and this can be combined
with verbal instructions e.g. visualizations of competitions.

[n case of alpha state one choses acpustc feedback,
because alpha state |s easier ceached with the cyes clesed,
thus making visual feeedback less approviate.

Alpha feedback 15 the most frequeatly used and
investigated form of EEG biofeedback (13, 16).

Summarizing: (EEG-) biofesdback is in the pracacs of
elite athletes a valuable tool for measuring, monitoring and
controlling athlete's mental conditons

J

Hemispheric lateralization

The human cerebrum i3 divided into two hemispheres,
the left hemisphers and the nght hemisphere.

These two brain halves are connected by the corpus
callosum, through which information passes from ons
hemisphere to another.

These hemispheres show asymmetry, both anatomical
and funcdonal,

The anatomical difference is related o the sasymmerry in
function.

Most humans show a left or right preterence for handed-
ness, footedness, and eyedneass, which is easy to notiee and
to measure. This s mainly o senso-motor preference,

It is less obvious thar more funcuons are completely or
pardally relarad to one of the rwo hemispheres,

An example 15 the locaton of the Broca and Wernicks
areas, important for speaking and understanding the spoken
language, 10 most right handed people situared in the left
side of the brain.

From research by Roger Sperry, Marman Gschwind, John
Eccles, Smam Dimond, Jerre Lavy, Doreen Kimura, Rhawn
Joseph and many others we know that for many specific
human ahilitics we use anly certain parts of the brain,
mainly located on the left side or the right side, dependent
on the funcoon (17, 18, 19, 20, 21, 23, 23).

Thase results are established by EEG-measurements,
hrain blood flow measurements, neuropsychological testin
“split-brain™ patients or the Wada-test, in which the left or
the right part of the brain is “paralyzed” by an anaesthenc
szent and tested what functions are influenced.

The general tendency of these mvestiganons 15 that the
rwo brain halves ssem ro specialize in certain functions for
which they are better equiped or programmed than the other
half.

A few differsnt funcions of sach hemispheres are
summarized in Table [,
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The distinction between left and right halves of the brain
may not be so cleareur as shown above,

Io aveoid discussian about the exact anatomical position
of a certain functional ability, it is better 1o use the cxpres-
sion left brain mode and right brain mode to refer to the
functions summed up in tbie [

The practical relevance of this distinetion berween laft
and right brain modes is that it helps one to undersrand
important issues like motor learning, coordination, coach-
athlete-communication, arousal and mental preparation,

One of the first pracucal applications of this distinction
berween left brain mode and right brain mode can be found
in the book “The inner game of tannis™ where W, Timothy
Gallway explained the difference of the Self 1, alse called
the “teller” {left brain mede) and the Self 7. also called the
“dowr” {right brain mode) (24).

He explained the phenomenon of neganve interference
of verbal thinking with holistic moter-pamem fusctioning,
in the case of playving rennis.

In recent years more appesred about these brain modas
and sparts performances, mainly in the fSeld of motor
learning and functicning (23, 26, 27, 28. 29, 30).

In general these papers confirm the distinction betwesn

the left and right brain modes and the importancs of

diffecent approaches in reaching metor skills to subjects
wirh feft or right brain mode dominance.

Gallway's finding of the negative influence of verbaliza-
Hon on motor patterns has been tested and the phenomenon
of verbal-motor disruprion has been confirmed (28).

In general, it seems that a nght brain dominant mode is
better adapled for moror learning and performing than the
lett brain mode, Hence the importance of visual informanen
tor teaching and correcting motor patterns ut leasr for

subjects with a dominant nght brain mode of functioning.

For subjects with a dominant left braln mode of function-
ing verbal insuuctions might be superior in effectveness,
while in non-dominant-hermsphere subjects the combina-
ton of verbal and visual instruction seems to be the opti-
murmn methed for leaming and improving moror leaming,

An interesnng aspect is the biological arigin of the
hemisphere differentiation and the function of the rizht
brain mode for spors performances.

Research shows that the output of testosteron by the
mother during pregnancy inhibtes the development of the
left hemisphers and in this way relatvely promotes a mare
opomal development of the nght hemisphere (31, 32, 33).

Alsoin larer stages of life a positive relatonship between
serumn [2stosterone level and the leamning of matar skills
continues to exist (34, 33),

This could possibly add another performunce-enhancing
factor for the use of anabolic sieroids and testosterone on
sporis performancas. The effects of testosterone on the
buman brain end therefars on mator functioning could as
well e the X2y (o the performance-enhancing capaciry of
this doping-2gent,

The latest research in this field is the discovery of the
difference in where and how males or females process
language in their beain (36, 37).

This 15 once more a piece of avidencs thar the female
brain is diffarsnidy wired from the male beain.

For seiennists this might be surprsing, for coaches it
hardly is.
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