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As I)ioniechanists we are concerned w i th  generating, synthesising a n d  organising 
bioniechanical knowledge fo r  the student a n d  the coach. What  may  be organised knowledge 
f r o m  the point  o f  view o f  the I)io~nechanist, 11i:ly appear as randoni  in forn iat ion to the coach. 
T o  help i n  the generation and conveyance o f  effective knowletlge a syste~natic approach is 
required. Th is  systematic approach involves setting out  a f ramework o r  model which 
provides direct ion i n  the collection o f  I)io~nechanical data, a n d  which leads natura l ly  to  a 
consideration o f  the under ly ing ~ i ~ e c h a n i s ~ l l s  governing performance. T h e  purpose o f  this 
paper is to  ident i fy and  i l lustrate several systenlatic approaches to achieve this goal. 

THE N E E D  F O R  A SYSTEMA'I ' IC AI 'PKOACH 

The  human I)ody can Ile consitlered as a nunlber o f  l inked segments. Each segment has 
several degrees o f  frect lom a n d  each degree o f  freed0111 can be described by  several 
kinematic descriptol's. The  numl)er o f  descriptors o f  a sports sk i l l  can therefore exceed 
several thousancl. In n1:lny biomechanic:~l analyses atternpts are lnatle only to  evaluate a 
selection o f  these desc~.iptors. Th is  tendency has been rei11Torced by  the abi l i ty  o f  
biomechanical ec lu ip lne~~t  to generate vast cluantities o f  data a n d  the enthusiasm o f  
researchers and  stutlents to collect data ~)erhal)s i n  the belief that  this represents scientific 
progress. I t  h;ls also Iwen reinforcet l  I)y the ir~crease in biomechanical p ro f i l i ng  o f  elite sport, 
essentially the cornl~i l :~t ion o f  a descriptive data base, often f ron i  ~ ~ r e t i g i o u s  conipetit ions 
such as O lymp ic  and  W o r l t l  cha~npions l~ ips,  leading credi l) i l i ty to the approach. 

The  mechanical characteristics presented as key varial)les i n  any study n lay be selected Tor 
=\era1 reasons. Perhaps the I)io~iiechanist thinks they are in ipor tant  (e.g. El l iot t ,  et al. 
1986); perhaps the coach has requested them (e.g. Rash et al., 1990); perhaps they are a n  
apress ion oT an u n d e r l y i ~ ~ g  mechanisms (e.g. 'I'akei,l989), o r  perhaps they are nieasured 
simply 1)ecause they are there to I J ~  nieasured (e.g. Wliller, et al., 1989). The  fact that  l i t t le  
k f o r n i a t i o n  is given to explain why these v:~ri:~bles are nieasured is a n  indicat ion that  there 
e l i t t le by way o f  a systelllatic apl,roacll to the analysis o f  a sports event o r  action. There is 
r gap i n  o u r  1)iomechanic.s ~nethoclology if refer-ence c:lnnot I)e made to ~ l n d e r l y i n g  guid ing 
~ i n c i p l e s  i n  the I)iomechanical an:~lysis o f  a sl)o~-ts event o r  action. 

This is not to  say t h f t  systel l~at ic o r  model a1)pro:lches are not available, bu t  that  they are 
r u e l y  :~cknowledgetl ant1 poorly used. l 'here are several which can Be identif ied, classified 
d modif ied f r o m  the literature. 



T E C H N I Q U E  MODEL 

The t e r m  'techniclue' used w i t h  reference to sports skil ls is understood to  refer  to the 'way of 
doing' o r  'way o f  perforni ing'  the skill. There are many published articles which deal w i th  
the technique o f  performance fo r  different sports. These range f rom t$e sports specific to  the 
Inore I)ioniecI~anical. A good exa111l)le of tl ie sport specific is that  given by  T i d o w  (1990) 
r e f e r r i ~ ~ g  to t l ie niodel tecliriiclue o f  the long j u n i p  event. H e  divides the event temporal ly in to 
several phases and t lescri l~es the positions and actions that  are characteristic o f  good 
techn ic l~~e  fo r  each phase. l'he ph:iscs follow classical divisions o f  the event b u t  are ampli f ied 
wi th  the addit ion o f  sectioris specific:~lly on  the preparat ion fo r  take o f f  (the last few strides), 
landing ant1 alternatives f o r  f l ight styles. Each o f  these phases is clearly described and  easy to 
follow. A good ex:~niple o f  a bioniechanical technique analysis is the repor t  eminat ing f rom 
the analysis o f  the saliie event i n  the Seoul 0lyrnl) ic gallies (Nixdor f  and Bruggemann, 1990). 
They defined a ri iodel o f  the technique which consisted o f  the usual four  phases o f  approach, 
take off, f l ight nncl I:iridirig. They conducted three dimensional f i l ~ i l i n g  o f  the long  j u m p  and 
fro111 an analysis o f  this reported clata on v:iri:~l)les such as str ide lengths and frequencies and 
velocities over tl ie last four  strides. I n  at l t l i t ion they reported data on  velocity and  angle of 
prqjection, ant1 various ot l ier data on  I ~ o d y  lean ant1 t inie o f  foot contact. They also correlate 
nunierous v:iri:~l)les ancl found rel:itionships I~etween velocity and distance variables. A n  
inovation introt luced in to t l ie ir  repor t  was a section on interpretat ion by coaches. Generally 
co:~clies asked for  even niore tlata tli:~n was presented, an indicat ion that  they were stimulated 
I)ut not satisfied I)y the quanti tat ive data. They were however excited by the attempt t o  d raw 
l i nks  between var ia l~ les and felt t l i is was tl ie most impor tant  p a r t  o f  the report.  

These articles are typical o f  those reported i n  ri iany other sports events both w i th in  athletics 
:~n t l  i n  other areas. They serve to  highl ight a trat l i t ional approach to the breakdown o f  a skill. 
A n  ar1:llysis has taken place i n  that i t  h;is been brokendown in to constituent parts, bu t  this 
breakclown tloes not  necessarily leiid to an unt lerstanding o f  why these actions described are 
actu:illy usccl. l ' l i e  hreakt lown of :In event in to i ts ph:lses arid a description o f  each phase i n  
verbal o r  nunicr ical ternis is :I cl:~ssic :il)pro:~ch to the :in;~lysis o f  technique. As a structured 
frar i iework this constitutes a niotlel w l i i c l ~  gl~icles tl ie analysis o f  technique. Th is  approach is 
r ;~rc ly  acknowleclgctl, o r  ret'errecl to esplicit ly i n  riiost technique analyses. I t  is curious that 
the systen~;~t ic 1)reaktlowri of an event is not ~ c k r ~ o w l e d g c d  as a such. I t  makes the process of 
teaching and  le:rrnir~g riior-e d i l f icu l t  t)ecausc there is rio f rarnekork f r o m  which to bu i ld  the 
gener:ll ,principles of' an:~lgsis. S t l ~ t l e ~ i t s  and  coaches niust be exposed to  Inany instances of 
tecliniclue :~nalysis I ~ e f o r c  they are able to :il)stract the f ramework which is inipl ic i tely used, 
N o t  only is t l i is is a   no st inefficient way o f  teachirig al)plietl 1)iomechanics b u t  i t  also has a 
more serious lir i i i tation. The  assunicd niotlel which is abstracted f rom c o n i ~ i i o n  usage does not 
leacl to :I derli;~nd for :I rkitionale, explanation o r  ident i f icat ion o f  under ly ing niechanisnis of 
ol jerat ion which i n  t u r n  c;~n lead to a ful ler untlerst:~nding o f  the skill. A n ~ o d e l  can be easily 
specifietl which tloes tlem:~ntl such a n  estension, a ~ r d  this is  i l lustrated below. 
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DETAIL 

4s a riiodel, i t  recl~rires a I)reaktlo\\;n o f  the event in to i ts t e ~ i i p o r a l  phases, For exaniple the 
appro:~ch, the takeoff, the f l ight ant1 I:lndirig for  the the long jump.  Each phase then requires 
a description, as given by 'I'ido\\l (1990) for  exa~i iple. However the model now demands that 
the actions described a re  also r.xplained. For  example, the lo\vering o f  the total  body centre of 
gravity (CG) d u r i n g  the last few strides i n  the long j u m p  is an observable feature o f  good 
performers, whi le this is frequently clescribed i t  is rare ly  explained. As bio~i iechanists dealing 
with students and  coaches i t  is i~ i i pe ra t i ve  that we a re  able to i d e r i ~ i f y  the reasons for  the 
h i n g s  we observe :~nt l  measure if we are to  foster an understanding o f  a sports skill. There 
are some import:~nt atlvarit:~ges ant1 tlisatlvantages o f  this technique niodel as a vehicle for 
anderstanding sports skills. 'l'he advantages are (I) i t  is spatial, temporal and rat ional,  i n  that 
i is easy to see, i t  is sequential alrcl it is logically based on what athletes a re  observed to do; 
2 )  i t  is closely related to  a coaches view o f  a11 event, understandably as i t  is used widely as a 

1 h s i s  for  coaching; arld (3) wi th  the addit ion o f  t l ie fou r th  level, the model focuses attention 
E on the explanation o f  tl ie described actions. T h e  disadvantages are (1) i t  h i l s  to explain the 

i nutconie o f  perforniances i n  that even if a l l  the described actions a re  correct i t  w i l l  not  

1 mcessarily lead to a good outco~i ie; (2) fails to  give divection to  speed o f  movenients; and (3) 

I f ~ i l s  to give direct ion to  p l i js ica l  characteristics such as nluscle strength and  muscle power 
I w t p u t .  
, 

OUTCOME MODEI, 

i The failures o f  the tcchnicllre n ~ o d e l  lead r iatural ly to consicler how they r i i ight be overcolne. 
i The outconie o f  the ~)el-forniance is a clear focus for  attent ion f r o m  both bioniecl~anicians and 

/ alaclies. 'l'l~e f:~ctors which are rel:~tc(l to successful per for~ i tance can I)e identified. In i t ia l ly  
i chese wi l l  I)e mechanical, but a re  l ikely to go fur ther  b y  consiclering the biolneclianical and 
i . w e n  physiological. Unl ike the technique ~iloclel, which has not  h a d  a forn ia l  structure, 
' m e m p t s  have I x e n  nl:rde i n  t l ie l i terature to expl ic i t ly ident i fy the factors which affect 
! performance outconic. 'This app~.oacli is largely due to  the w o r k  o f  H a y  (1975) who 
: mtroduced and has widcly usecl a 'deterriiinistic. inodel' to describe performance outcome. 

#-hile i n  his many wo1.k~ over tl ie last decatle or- so the detail o f  the niodel has developed, i t  
I h s  not cleveloped beyond a hierarchical structure o f  dependent factors. Despite the fact that  

\ 



this nlodel foctrses o n  an impor tant  characteristic o f  an event - the outconie, i t  has no t  been 
used widely outside of the work  o f  Hay  and his collaborators. I t  is d i f f icu l t  t o  identify- the 
reasons for this, but  certainly one reason may  be that  the model starts o f f  s imply and  clearly, 
b u t  qu ick ly  fades in to  Factors which become too general. As a model i t  is valuable b u t  needs 
to be focusecl if i t  is to  I)e helpful. 

\ 

One way of' a c l ~ i c v i ~ l g  this is to rep:~ckage ttlc nlodel such that various levels in the hierarchy 
:rre itlentified, ant1 that  the fin:rl levcl h:~s a positive f u r ~ c t i o ~ ~ .  'l'his is done i n  the figure below. 

L E V E L  

1. event ou tcon~e 

pr i r l lary  outcor~ le deterri l inant 

secondary outcome determinant 

ter t iary  ..... 
2. pr in l i r ry  rllechanical factors 

secondary mech:~nical h c t o r s  

ter t iary  ..... 
3. pr i r l lary  biomechanical factors 

secondary I>iornechanical factors 

ter t iary  ..... 
4. rnecl~anisms/rationale 

D E T A I L  

I t  car1 be seen that e:rch of the levels i n  Hay's detern~in is t ic  111ode1 can be ident i f ied and  if the 
level ident i fy ing the nlech:rnisnls is irrcluded, there is a clear purpose to the lower heirarchical 
levels o f  the model. 

T h e  atlvant:lges of this model overcorne the disadvantages o f  the technique model. The  
advantages can I)e identif ied as ( I )  the rllodel focuses o n  the outcome; (2) i t  highl ights key 
pcrform:lnce varia1)les; : ~ n d  (3) it c:~n i n t r o d ~ ~ c e  other factors relevant to  performance. The  
tlisatlvant:rgcs :Ire (I) the nlotlel rec1oires a tletailed knowledge o f  mechanics ,and 
bionlechanics; (2) i t  is :~l)stract a r ~ t l  therefore t l i f f icul t  to use; (3) i t  omits details of 
preparatory r ~ ~ o v c r ~ ~ c n l s ;  and (4) i t  ol l l i ts tlelails o f  technique o r  'how to achieve the outcome7. 

CAUSAL MOl)EI ,  

?'he two previous rnc~dels are contplirrtentary and  can be used to help ident i fy  the ntechanisrns 
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Figure 1 Caus;~l Rlodel. 
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~rnder l y ing  performance. I f  these ~ i i e c t i a n i s ~ ~ ~ s  are inf luent ial  then there should be evidence 
o f  cause and effect relationships. A siriil)le esample could be the long j u n i p  where 
relationships between the length o f  approach, velocity o f  touchdown and the distance 
juniped n i ight  be expected. 'These are a11 l inked causally by accepted mechanisms. The  
greater the length o f  tl ie a ~ ~ p r o ; ~ c t i  t l ie greater the velocity a t  touchdown (up to  a 
r i i : ~ x i r i ~ ~ r ~ i i ) ;  the greater the velocity at t:~keoff' the greater the distance jumped as the body 
is.governetl I)y t l ic nlechanics o f  ~~ro jec t i l cs .  'l'llcse c:~usal relationships would suggest a 
positive rc l :~ t ions l~ ip  I)et\vec.n al)proach t l ista~icc a ~ i t l  velocity o f  touchdown, and  a positive 
rel:~tionsli ip Iletween takeoff  velocity ant i  t1ist:lnce j ~ r n ~ p e d .  If these relationships are found 
they i n  t u r n  reinforce our  unclerstantling o f  the ri iechanisn~s operating, and  al low a 
prctl iction o f  the outcome o f  f i ~ r t l ~ e r  motlif icatiori i n  these varial~les. I f  such relationships 
;Ire not  found then our  ur~t lerstant l ing o f  the unclerlying ~i iechanisnis neetls to  be thought 
through again. ?'he search fo r  C:ILI~:I~ l inks I)et\veer~ performance variables is often by a 
m ~ r l t i p l e  cross correlat ic~n t)ct\\,een measurecl va~.i:~l)les. Th is  'shotgun' approach is l ikely to 
HII-OH, irp sevcr:~I c;1si11 rel;~tionsl~il)s, Imt  do  11ot i n  tl~eriiselves lead to  an understant l ing of 
ra.u.s;s;ll relationships. I n  our  own \\'ark (I,ees et al., 1992a) u p  to 56 perforniance variables 
are measured arid potentially 1540 correlat ion coefficients could be generated. Chance 
would 1e:rd over- 77 o f  these to Ije sig~i i f ic:~nt at the 5 %  level, and  so an inspection of 
significant correlations without the help o f  a niodel \ r o ~ r l d  riot be profitable. 

'r l iere has Iwen one ~ lse fu l  ex:~mple i n  tl ie l i terature \vhicti has attempted to d r a w  l inks 
between ~)e~- fc~rm;~r ice varia1)les \ \h ic l i  \voultl I)e expected to be l inked fol lowing a 
c~~nsidel -at ion of the mcchanisn~s un t le r l y i~ ig  ~ ~ e r f ( ~ r r i i a r ~ c e  o f  the event. 'chis is by H a y  and 
Noh:rrs (1990) ant1 rcl:~tes again to long Jumping. I n  their  surnniary o f  significant 
correl:~tions they are :rl)le to l i nk  together var-iahles such as touchdown distance, touchdown 
horizont:~l velocitj, vertical velocity a t  t;llieol'f, height o f  takeorf ancl distance juniped. This  

event  sequence 

I o b s e r v a t i o n a l  
' c h a r a c t e r i s t i c s  



approach is nluch more ~ ~ s e f u l  ill est:ll)lisliing an unt lerstanding o f  the cr i t ica l  perforniance 
vari:lble than any other systematic approach used i n  the litel-at~rre. T h e  approach o f  H a y  and 
Nohara, as i~npol-ta11t as i t  m igh t  be, s te l l~s f ron i  the insight gained f r o m  a decade of 
concentratetl work  ill tlie event rather than I)y fol lo\r ing systematic procedures. Thei r  result 
is not a motlel :IS sirch, but  :I 11lodel can he ~)roposetl  which allows these l inks to be made. A 
causal ~ l lo t le l  can be proposetl which is d iagra~l la t ica l ly  represented i n  F igure 1. 

The essential features o f  this motlel are that two  o r  111ore observational characteristics (for 
exan i l~ le  velocity o f  touchdown, velocity o f  takeoff, distance jumped) are l inked causally i n  
t ime as they appear as :I par t  o f  the event secluence (i.e. velocity o f  touchdown, velocity of 
t:lkeoff, ant1 tlistance . j u ~ n l ~ e t l  woult l  he lir lketl i n  that  order due to  their  temporal sequence). 
T h e  th i r t l  t l in lens io l~ tlescril~es tl ie greater levels o f  detail between observational characteris- 
tics. 1201- esanlple at a sinll)le level i n  tl ie long ,julill) there has always Ileen a concern for the 
re la t io~ ish ip I)etrvec~l a1)pro:lch velocity :~nt l  tlistance jumped. General ly there is a significant 
positive relationshil) rel lorted (eg Hay, I9H6), as woult l  be expected on  the basis o f  a 
kno\vledge o f  tl ie under ly ing ~iiecli:rnic:~l tiletors. However, ill a t te~ l lp ts  to explain the 
in f luc~ lce  o f  other oI)ser\ation;~l characteristics, :I more detailed level can be chosen. Such an 
ex :~~ l lp le  woultl Ije the relationship al~.eatly tlescril)etl I)y Hay  and Nohara, (1990). Yet fur ther  
c:lusal tletz~il can I)e ~)roposcd to help es l ) la i~ l  fur ther  niore complex mechanisms thought to 
I)e operating, and these are tiiscussctl i n  Lees c t  :II., (1992b). 

As w i th  the previous ~ l lo t le ls  there :Ire :~ctvanl:iges and disadvantages. The  advantages are (1) 
the motlel is I)asccl on :I theol-etical u l ~ t l c r ~ i n n i n g  o f  a n  event; (2) i t  a t te~ i ip ts  to d r a w  l inks 
I~etween cr i t ical  varial)les ant1 not ,just 2 1 1 1 ~  \ar i :~l) le;  (3) ~ l rov i t les a genuine basis for  enhanced 
pert 'or~l lz~nce ant1 t ra in ing regimens; ( 5 )  c:ln le:ld to improvements i n  technique; (6) can exist 
at a s i ~ i ~ p l c  level b u t  is c:~l~al) le o f  fur ther  ref inement i n  detail; and  (7) incorporates the best 
elenlents o f  tl ie 'I'eclinirlire 111otle1 ant1 the O ~ l t c o m c  model. T h e  disadvantage is that  a detailed 
kno\vletlge o f  I~ iomccl iar~ ics is requi red for  s:~tisf;~cto~.y use. 

C O N C L U S I O N S  

'I'he three models i t l c~ l t i f i ed  :~l)ove 211-e reflections o f  e l~proar l i es  that  are used by sports 
I~ionlechanists 1)ut they h:~ve Iwen identil'ietl and for~nal iscd. I n  each case the models have 

I ~ e e n  given some e s t r : ~  fr :~tures whic*h helps to  focus their application. Wi thou t  these extra 
atlt l i t ions the motlels lack tl le sense o f  p~lrpcrse \\-hicli is requi re to make  then1 useful. I t  is not 
suggestctl t l i :~ t  these ~ l lo t le ls  :Ire t le l i~ l i t i \ ,e  either i n  their  ~ l u l n b e r  o r  scope, b u t  are l ikely to 
cover nI;lnS; rccluil-enlcnts i n  l)iomech:~nics. 

'I'he fact that  systelnatic al)l)roacties to (he untlerstan(ling o f  events has not  been a rout ine 
feature o f  l ~ i o ~ l l e c h : ~ ~ l i c s  resc:~rcIi is quite surllrising. I t  'rilure to appear a t  research level has 
also meant that i t  not an accel)tctl a l ) ~ r o a c l i  i n  tl ie teaching o f  students o r  the collaboration 
w i th  co:~ches. I t  i s  (he contention o f  this paper that  the use o f  systematic approaches to the 
woirltl hell] a l l  conccrnetl to reach their goals sooner, and i n  so doing enhance the qual i ty  of 
ou r  \ rork  ant1 the value of' sports I)io~llech:lnics l o  others. 
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