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INTRODUCTION

This presentation intends to provide a perspective on different sports
thut are based upon scientific studies and attempts to apply scientific
information to practical considerationsimportant to successin sports. The
couch and scientist often have the same genera objectives of improving
sports performance, but their approach can bedifferent. The sport scientists
are concerned with the validity of the experimental design used,
methodology employed and statistical analysis. The coaches are less
concerned how or why certain types of information are obtained as long
they are convinced that the results are vaid and meaningful. When the
scientists are arguing the smallest details of the results the coaches are
looking more for a yes or no answer concerning questions of training
consequences. Thequestionsin thediscuss onsbetween athlete, coach and
scientist are often of theform: What is done? How isit done? Why doesit
work?The answersto What? How? and Why? areimportant to the athl ete,
coach and scientist, respectively.

FUNDAMENTAL RESEARCH - APPLIED RESEARCH

Fundamental research in biomechanics includes methods of data
collection and data processing as well as basic research for human
movement. Fundamental areas such asthetracking of human movement or
the mechanicsof skeletal musclecan enabl e specific applied research to be
undertaken in particular sports. Applied research provides the basis for
interpreting the resultsand thereby makes possiblesupport servicesto sports.
The understanding gained from applied research is a prime resource for
coacheducation. In order toidentify key areasfor appliedresearchin sports
biomechanics, those sports primarily depend upon technique have been
categorized as well suited to biomechanical analysis. However therole of
interdisciplinary research is often important. These research approaches
have been identifiedto enabl e applied studiesto becarried out which would
lead to technique modificationsfor improved performance.
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EXPERIMENTAL - THEORETICAL APPROACH

One method of seeking answers to such questions is to use an
experimental approach. Often theexperiment isinvisibleto theathlete. By
obtaining movement data on an individual athlete it may be possible to
identify those elements of technique which are associated with the better
performances. This may indicate how theindividual can improve personal
performance. By obtaining dataon anumber of athletesand identifyingthe
characteristicsof better athletes, it may be possibleto gaininsight into how
training should be structured.

Another method of investigation is the theoretical approach. This takes
the form of idealization of the activity using a theoretical model.
Hypothetical data are generated by usingthe model in specified situations.
A theoretical model may also be able to provide a general description of
movement which can lead to a more complete understanding than that
provided by a number of particular examples.

EXPERIMENTAL- THEORETICAL MODELLING

Although the experimental and theoretical approaches appear to bequite
differentin naturethey arebothanintegral part of scientific method. Initialy
ascientificinvestigation will probably take theform of adescriptive study
which merely recordswhat happens. Thedatamay suggesta possibletheory.
Such atheory may be used to predict the outcomein agiven situation. An
experiment can then be conducted to determine the actual outcome. A
comparison of theoretical with experimental outcomes can establish the
accuracy with which the theory models the activity. This will indicatethe
level of confidence that can be given to theoretical predictions and may
suggest how the theory can be modified. Sports biomechanicsshould be a
balanced mix of experimental and theoretical modelling if a realistic
understanding has been achieved. Both experiment and theory pose their
own problemsin sports biomechanics research.

PRACTICALIMPLICATIONS
Practical, biomechanical and multidisciplinary implications will be
presented using the methods and results of various research projects
conducted in the Research Institute for Olympic Sports (RIOS) in
cooperation with the top level coaches since 1991.
The overal goas of RIOS include interdisciplinary research into top
performance in sports and applied services promoting successful
performance of top athletes, coaches teams and sport federations. The
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Interdisciplinary researchisaimed at

» examining biomechanical, physiological, medical, psychological and
sociological aspectsof training, competition and coaching in
individual and team sports,

* development of testing and coaching methods, educational material,
training aids and equipment.

The applied servicesto offer are

« consulting and practical assistance to sport organizations, educational
and training centresin charge of coaching education, as well astothe
sporting goods industry

o informationsearch, up-to-dateand state-of -the-artreviewsof problemareas

o gpecial courses and intensive training seminarsfor coaches, athletes,
sport scientist and administrators.

Coaching is teamwork where athlete and coach play a mgjor role, The
supporting roles from point of view of biomechanics will be played by
researcherswith their assistantsfor various phasesof research concerning
athletes in technical, tactical and mental aspects, environment, sport
equipment and clothing. The problems What? How? and Why? haveto be
solved in a simple way so that the feedback for the coach and athleteis
clear and easy to understand. For this purpose modem video and multimedia
equipment offer useful procedures.

CHANGESIN RULESAND NEW PERFORMANCE TECHNIQUES

Changesin rules and new performance techniquesfacilitate cooperation
with coaches and researchers and also research in sports biomechanics.
Technical skillsand biomechanics of a performance are highly combined
with each other.

The regulatory skills required in any performance situation can be

identified by asking three basic questions:
o What | amlooking at?
* What am | thinking?
* What am | feeling?
What an athleteislooking at depends on their attentional focus, a number
of different typescan beidentified (broad vs. narrow,internal vs. external).
The demand of the activity will influence the attentional style an athlete
should adopt.

What an athlete isthinking relatesto the decision-making behavior. To
be an effective decision-maker requires a tactical understanding of the
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options avail ableto achievethe desired outcome.

What an athlete will befeeling is very much down to theindividua's

psychological character. A performer's emotional statewill affect how they
perceiveabroad rangeof emotional statessuch asexcitement, anger, anxiety,
frustration, confusion, etc. Personalized interventionsto help a performer
to regulatethesefeelingswill involvedevel oping various mental skills and
coping strategies. When athletes learn to listen and facilitate all
proprioceptive senses also the use of imagery may help a performer to
develop acertain aspect of their technique.

Ski jumping is an extraordinary example dof a sport event wheredramatic
changes have taken place when the V-dyle after classic flying style was not
anymoreconsidered as atechnical mistakein the ski jumpingrulesof FIS.

In shot put, there are several athletes who have changed their shot put
techniquefrom the classic to the rotational technique.

BIOMECHANICAL SK1 JUMPINGRESEARCH AND COACHING
The head coach has been brought into the research group throughout the
research project. Ski jumping performance can be divided into different
phases as follows: gliding, takeoff, transient flight, actual flight, flare-out
and landing. The purpose of thefirst study wasto investigate ski jJumpers
in wind tunnel with simulated actua flight phase (Figure 1) in trying to
reach the individual maximal lift to drag ratio and training of the optimal
flying position with low pitching moment coefficient for the respective
phase according to the feeling from their sensomotor feedback system.
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Figure 1. Side and front view of the jumper

Themost practical biomechanica implicationfor coachingin thiswind
tunnel study was that the regulation of the bindings had to allow the
necessary rangeof movement for thedesired V-style position according to
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the individual feeling.

A simulation program was created to calculate the length of jumpsin
dliferent external conditions. The influenceof the low jumper-equipment
mass wasfound to play apositiverole during thetakeoff and flight phases
hut a negativerolefor thetangential releasevelocity. Thisobservation was
taken into accountin thenutrition habitsof thejumpers. For amoredetailed
flight phase analysis was constructed as a 2/3 scale model of a jumper
which was attached to a sophisticated platform-balance.Using thismodel,
different suits, bibs, skisand bindinglocationsin theskisit has been possible
to test the influence of all equipmentsfor a maximum length of jump and
sufety. A human jumper has been used to analyze aerodynamical forces
during takeoff phase. The simulation model has been adjusted aong the
research project. Avideo feedback with multimediaillustrations(lift, drag,
lIft-to-drag-ratid and speed) wasgiven both to thecoaches and ski jumpers.

ROTATIONAL TECHNIQUE IN SHOT PUT

The maximum rangein shot put was approached using modelling and
3D performance analysis. The 3-D analysis was concentrated on the
ucceleration of selected body segments, delivery phase, movement of the
shoulder joint, extensionof theupper armduring thelast doublefoot contact
phase and moment of the shot release. The most important factor was the
shot velocity at the moment of release phase. In this phase the other
parameters. release angle, release height and overreaching or incomplete
reaching can influence positively or negatively for the range. The
aerodynamica parameters were aso taken into account. An idea of the
motion of two mass pointswas chosen to apply in the technical training to
increase rotational and thus linear velocity of the shot put in the release
phase. A video feedback with multimediaillustrations(velocity of the shot
as function of time and synchronized with the video frames) was given
both to the coaches and athletes.

SOFTWARE DEVELOPMENT FOR COACHING PURPOSES

MATCHANALYSISIN SOCCER



Different team game anaysis softwares (SAGE Game Manager) have
been developed for soccer in order to analyze players and matches
quditatively (number of successful andfailedexecutions) and quantitatively
(time and distance characteristics) using video or live. The results have
been applied to the Finnish youth and Olympic teamsin cooperation with
the head coach. Many coachesrecord and anayzethe performancedf their
own playersor team and their opponents. By anayzing matches, thecoaches
try and find ways of increasing their effectivenessand detect weaknesses
that can be exploited and strengthsthat require specia attention. Analysis
can be very valuablein team preparation. The Olympic team analysiswas
producedusing the SAGE GameManager which is a software package s
useful tool for all aspectsof game analysis using video recording.

For the analysis the coach must decide specifically what v wishes tu
analyze and why heisdoing theanalysis. Isit of anindividual, agroup, or
the entire team in a match, tournament or during the whole season of his
own team and/or opponents? The coach must be very clear at the outset
about what he wishes to analyzeand what benefitswill accrueto the player(s)
or team from the analysis.

The software package offers with numerical and graphical analysison
the aspects asfollows:

Team characteristics:
¢ ball in possession in time and distance
o effectivenessdf the attacking play

* team profilesto get to the attacking third, vital area and scoring trials
* gods

* setplay

* fouls

* injuriesetc.

Player characteristics (successful and failed in number and percentage)
* passes
e controls

e runs with ball

e shots

* interceptions

e duelsetc.

When analyzing a game using video, the data entry included team and
player identification and incidenceidentification as follows:

* Who?

* What?

* Where?and
* When?

All matches covering each player handling the ball has been detected
for theanalysis. Distancecovered by theball has been presented graphically
tind in meters covered by the ball in possession.

Averagematch statistics, averagesuccessful attacking statisticsper team,
Individual player statistics per team as well as scoring analysis has been
presented. The history of each goal has aso been explained. A smilar
software has been developed aso for match analysis and player profile
analysis in badminton.

PHYSICAL LOADING IN SOCCER

A software has been developed to analyze physical loading in soccer
matches or any kind of practical training with the ball in soccer. Thiskind
of analysis has been necessary for coachesin order to evaluateand define
the physical loading levels of the real soccer matches, mostly used drills
ud small-sided games. The software utilizes Polar Electro heart rate
monitors.

TALENT SEARCHING IN DISTANCE RUNNING

Tdent searching in long distancerunning is important both on theclub,
school, district, associationand national teeamlevels. Thesystem will require
educated coaches or observersfor screening the runners. The described
methodology will makeit possibleto screen and process |arge amountsof
dataon individua athletesin arelatively short time with a moderate high
religbility. The longitudinal follow-up and documentation will improve
vaidity of the expert system.

Tdent searching softwarebased on expert systemshave been developed
in cooperation with top coachesand researchersfor distancerunning, soccer

and cross country skiing. The purpose of this chapter is to introduce a
prototypeof an expert system with a complex knowledge base to predict
taent for long-distance running in male athletes at age of 16 - 20 years.
The prototype was developed with Xi Plus ( Expertech Ltd\. ) rule based
expert system shell and can be used in compatiblePC - microcomputers.
The knowledge of the domain area was described using hierarchical
tree structures, which were in connection to the anthropometrical,
physiological (maximal aerobiccapacity, submaximal endurance, anaerobic
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power), biomechanical (economy and efficiency in running) a
psychological (mental aspects) research results in long-distancerunni
In this prototypethe main level in the hierarchical structurewas named
talent in long-distancerunning. Thefirst sublevel included total results
running, training and environmental factors. The second sublevel includ:
1. Results: competitions, physical testing and psychological eval uatior
2. Training: quantity, quality and intensity and

3. Environmental factors: health, economical situation, family lifeetc.

All variables in al levels were evaluated on the average verbally

numerically infivecategories. The probability of thetalent was evaluat
and utilized in recruitingyoung tal ented distance runners.

TALENT SEARCHING IN SOCCER

The purpose of this chapter was to introduce a prototypeversion of a
microcomputer based expert system to predict talent for successin junior
soccer playersat age 14 - 15 years. Thetreestructureof talent was planned
by four experienced national youth team coaches and a soccer researcher.
Theexpertcoaches a so eval uated therel ativewei ght coefficientsof different
branchesin the tree structure, rules and rule combinationsfor conclusions
of thetalent prognosis. The Finnish junior national team candidates served
as subjects when evaluating the prognosis of talent of the goalkeepers,
defenders, mid-field players and attackersfor ajunior national team. The
content of talent was structured for each player position and was divided
into sublevelswhich included the soccer performance as a whole; training
and psycho-socia factors. Thetotd soccer performancedf aplayer consisted
of theindividua skills, game understanding in attack and defensive play,
and physical and psychological characteristicsof the players. Thetraining
included volumeand qudity of training. Living habits, family lifeand hedlth
status wereevaluatedin six variablesfor psycho-socid factors.

The PC microcomputer based prototype program was developed with
Xi Plus 3.5 (Expertech Ltd.) rule based expert system shell. All variables
indifferent levels wereevauated in numbersfrom 1 to 10. Evaluationswere
donein tenskill, nineteengame understanding, fourteen physica and thirteen
psychologica variables. Theexperiencedcoacheseval uated each player in
each variable. According to the averaged numeric combinations the
probability of the talent was evauated by microcomputer. The described
methodology madeit possibletoprocessalargeamountof dataon anindividua
player and screen alarge number of playersin arelatively short time.

THCHNOLOGICAL APPLICATIONS

LASER RADAR

The newly developed laser diode system LAVEG Sport opens up new
prospects of carrying out kinematic analysis of acceleration phases for
tralning purposesin variouskind of sports. Thedistance-timeand velocity-
time functions of interest as well as individual kinematic parameters of
motion arerecordedin on-linemodeand thusthey areimmediately available
{o the trainer and athleteasinstantaneousinformation (Viitasaloet a. 1995).
Research Institute for Olympic Sports has used the radar system for
measurements of instantaneous speed in cross-country skiing, kayaking,,
Juvelin throwing and jumping events.

The measurement principle is based on travel-time measurements of
luser pulsestransmitted by asemiconductor laser diode. Thelaser beamis
diffusely reflected at the athlete/device without using a reflector and then
registered by alaser detectingdiodeinsidetheLAVEG-Sport. Thekinematic
functions are computed by means of a microcontroller on the basis of
Individua distance measurements executed with quattz-tabilized counter
timing. A samplerate of 50 Hz enables covering movement processesof 30's
duration up to adistanceof 200 min al velocity rangesoccurringin sports.

THROWING GATE

Releasevelocity and angular parametersat release areimportant variables
from the point of view of feedback for coaching throwing events.
Truditiondly, thesehave been determinedusing filming/videoshooting and
motion analysis which is arather dow feedback method for athletes. The
first version of a throwing gate had been introduced 1987 (Viitasalo and
Korjus, 1987). Thiswasdevel opedfor indoor training and testing purposes.
The new measurement system has a capability to measure all track and
field throwing events on-line during competition (Viitasalo et a, 1995).
The gate consisted of two infrared walls with the first one 2.0 m and the
second 2.5 m high. In this version the photocells work with fan shapeat a
frequency of 50 kHz in thedetection modeso that theresolutionis2-3 mm
in the vertical direction. When the gate notices a triggering object (e.g.
javein tip) at the first infrared wall, the electronicsturn to the location
phase, in which the photocells work parallel at the a frequency of 1 kHz
having vertical resolution of 15 mm. Thus both of the infrared wals are
ableto samplea 2.6 mlong javelin 86 timeswhileitisflyinga 30 ms . In
addition to the release velocity and attitude angle values the equipment
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with its microcomputer software can calculate the angle of attack at both
photocell gates. This throwing gate has been used also in several sports
competitionsin Finland. {

PHOTOCELL CONTACT MAT ‘

The photocell contact mat, has been developed to measure important:
parametersfor coaching purposes in running and jumping: contact time,
flight time, step and stridefrequency asafunctionaof running timeor runningi
distance (Viitasao et d., 1995). The instrument consisted of two separate:
photocell barsand a microcomputer. The width of the current version was
selected at 1.12 m based on the width of an athletic running lane. Both of
the two photocell bars consisted of 19 receiving photocells and two
transmitting units sending fan-shaped infrared light to the receiving
photocells. The combined horizontal resolution of the two infrared fans:
perpendicular to the running direction was less then 50 mm. Thedistance:
that thecurrent versioncould cover was up to 120 m. Thereceiving photocel |
electronicsworked at afrequency of 3kHz. For bipedal running (speed 3.6
- 9.3 m/s) the resolution of the photocell contact mat was less than 1 mm

and 0.4 ms. The low coefficient of variation found between the photocell -

contact mat contact times and force platform contact times suggested that
the photocell contact mat is an accurate and fast instrument to measure
ground contact times in running and jumping events.

SUMMARY

Throughout this paper it has been a trial to develop by means of
biomechanicsan approach to analyzing performance, athletes, equipment,
external conditions, team and measurement methods in sportsin order to
help acoach to find individual answersto the questionsin the discussions
between athlete, coach and scientist. What isdone? How isit done? Why
does it work?The answersto these questions are important to the athlete,
coach and scientist but they are never easy.

However, the major goals of biomechanical applicationsin training,
coaching and single performance are in a longer training process
performance optimization and load optimization. In the maor fields of
applicationof sport biomechanicsin the areaof performanceoptimization
the scientistshave to be ableto answer the morecomplex questions: What
arethelimitingfactorsof thesport techniquesaof performanceor performer?
Which factors are still trainable and how much?What are the individual
faults or deficitsin asingle movement or performance? How training can
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mipport a performancewhile optimizing theidentified factors and deficits
uslng biomechanical methods? The number of questions and different
solentific levelsof approach clearly illustratethat different working planes
ire involved. It has to be differentiated between questions and tasks
voncerning basic research, applied research and scientific servicesin elite
aports. Trainingis along-termed and well organized processin elite sports.
Puring theprocesstheathl etesnot only optimizetheir physical requirements
hut also their performancetechniques. Theroleaof theapplied biomechanist
In this process is to analyzethe intended changes of different parameters
ind to alow afast feedback of theamount and direction of possiblechanges
#nd development.
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