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This paper discusses the ohjectiVéi/ﬁé a program in
XCcs—--the anglysis of sports skills ard movement--and the

omechanics program at Iowa State University. The
of such a course is to provide the student with t;k
Cessary for adequate analysis of human movement, with
asis upon those sports and games encountered in - ,

and high schools, The course also seeks t epare -
in scientific areas that can enrich t uﬁﬁgggraduate
ricylum and serve as a solid basis pursue,
iomechanics at the graduate l¢ t was identifigf ~

ching of i
oméchanics: most s nts entolling for,suip a course do not have,
extensive scignce ‘backgréunds; conséquently, ‘the have little or no
knowledge of 'physics. To avoid inefficient use of instructor tinme,
Iowa State University has designed and requires’a basic course in
physics for all students entering the biomechahic® course. The @ourse
is designed so that ‘the problems encountered are expressed in

~biophysical terms. The biomechaniCjéégs%ru or can theh begin with a

brief review of anatomy and muscle ¥siod6gy and examination of
kirematics and an overview ofinstrumentation and’analysis techniques
'used in biomechanical investigatiern’, long with practical
applications to a variety of mes &nd sports. Students are examined
in three ways: review of1ab work, written examination, and practical
examination. °‘(slides were used wiéﬁlthe presentation.) (DMT) ”v%'
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! o vi' . : It is appareht':dat‘the eeurse‘czntent'and mode’ df idetrgegrdn .
. e _ . . B . ; .
’ A} ":. 7 of any colleg lever cdurse shouid be determined largely by the re- ) :
& . . . c. ro )
‘;ﬂ_méz;mqniremehts of| the student pgpulatlon. This_ has been'the gniding . = -

. ] L ‘ . ' o ) ’

principle in the evolutlon of. the Blomedaql'p prograﬁ at Iowa .o . .

N ) . btate'Uni;erSLty. '.' ‘t ‘ 5". y: . ', o - . ‘UV, | |
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s continue, only a ‘small percentage of qnder- . 'y

* . [ 1N
: . ; If currert tren
- - graduates'in'ph&sica educafion wfll proceed to graddate'york, and

he T t - |

- a large ma3or1ty of those in graduate programs W1L1 receive anly T

- ¢

R o llmited addltkonal i structrpn‘in Blomechaﬁrcs. thce, the under -

Y - ". 1
P ’

LI graduate course! wxll bea’ nnlque expermeqce for the maJonlty ‘of

. '\ * : - < K 4 0
/4/ . M ‘1nd1v1dua19‘re9e1v1ng such*lnstruction. The undeﬁgraduate”course
- ) should thereforg prevade a body gf 1psé&uctroﬁ whlch is: V.

- t -
N . e . - ' e A " . - . ‘
‘ SN ° . o -
s o - Clearly def1ned~ and_—" "~ : N
' ’ e S o ’ " .

N ~

. - Lo s 2, Speclflc 1n~ﬁts appllcatlons to the present and - .
¢ oL future teachiﬁé\experlences of students. N . ..

v
N . - . v

. Eurthefmore, .in departments of phys1ca1 educatlon.we are, ) ;«
b oa

fréqugﬁtly deallng with students who have‘had llmited preparation

. 1ﬁ'science;{ééﬁsequently, due to the eiciting nature of subject . h
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+ ‘ :matter.j Biomechanics, the educator has the obportunity to make
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importdént contribgtions to the broader education of future’ T A

’

. teachers in this teehpoiogical society. .
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" Biomechanics may be spectfied as follows: - mf?

— In summary, the objectives of the undergraduate course in -, _ <?
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_ _adeguate analyses of human movement,

Pfima§¥ Objective . .
N4 . ”4_3

-

To provide the student with the basic tools necessary for

with special emphasis upon

those sports and gameg encountered in elementary and high schools,
’ ‘: .. - ) ‘ ’ -, N \ ° s R
‘'Secondary Objec¢tives :

. . N /
. To provide students with adequate preparation in appropriate

- .
N

e -

scientific areas, which can:
& -
. . .

T, Enfich the undergraduate curriculum, and,

»

2 s

2, .Serve .as a solid basis for those who will pursue
biomechanics at -the graduate level, ) .

W
H

- COURSE CONTENT -

o meet the above

Tﬁe'conteng of the course must be desigﬁedxf

3

objectives in a manner most suited to the participants.

all fi@ld;\bf academic study, appropriate levels of

+ proficiency in sgppdrtidg areas.are required for adequate commu-
LN v R AN

’ -

- In almost

~
N ‘

Certain prerequisites
.

S.,

.t PR » o
nication between student ard instructor.

should therefore precede the undergraduate course in biomechanic
Almost half a century ago, Charles H. McCloy ‘recognized that
) L) [ T ‘

many of his students had, sucR.déficient backgrounds in science

A

-

\ -

andlyses of gports skflls by'a§%§§troductor§ unit in physics.
o

) .
|

: 1Régr€ttab1y;.thi§wsﬁate of affairs is little improved today! . It

r

that he' was obliged to precede his instruction of the mechanical

has therefore becpme common practice to -spend a significant part’

in an undergfaduat irse. teaching '

of the available time’

~
’
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SLIDE 2
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At Iowa State University th ,Physicai‘Education faculty has - - =

recognized that this may not represent the most efficient use of

.
- ’

instructor time. Similarly, -the Department of Physics recognizes

that the teaching of physicjs is best handled by physicists. “An
elementary physics course which isrelected by numerous physical

education maj;¥:«;asf“?ﬁ3??fbfem,been adapted to draw upon the

subject matter of biomechanics for its illustrative .examples., nt
The physics ‘course will soon become <a requirement to pfecede ‘the

. ' * . ‘ﬂ"
biomechanics course. An ex1st1ng requlred course, Anatomy of

. s
Human Movement, .covers the information necessary for an adequate .
understanding of the klnes1010g1caL aspects of biomechanics.
L . '*ﬂ«“" .. .
— At this time the contents of the biomechanics course are as
follows: o ‘jk," .
S o A -
" " *
1. Body of Knowledge “MWMW, . -
a. A brjef revném of anatdhywand muscie physiology
and examination ofnthﬁvlnternal forces encountered
in biomechanics. :
b. Lecture and laboratory study of kinematics and
: kinetics of external forces, encountered in
biomechanics., s
b €. Overview of'instrumentation and analysis technlques —_—
HEEN used in biomechanical investigations.’

v - 0, -

* 2, Practical applications of the "body of knowledge? to a

TN

+

L 4
T variety of games and sports. ‘ o
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SLIDE 3
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In the /study of the '"Body of

tiate between: ;;;“_ -

. 1. /Information which can be readily learned and retained
by verbal dissemination, reading assignments, and
classroom demonstration; and .

Concepts which can be fully appreciated only by
* %hands-on' interaction by the student working in the

practical experimental setting. N

/ Through efficient time-tabling, lecture-demonstrations and

°

re&ated laboratory experiments can be juxtapositioned so as to

! . P

reinforce essential concepts at.appropriate times.
P
3 t L

For example, slide 3 shows a laboratory experimentvwhich is
performed in conjunction with the stady of linear kinematics.

Students examine the velocity and acceleration characteristics Gf

swimmers. Measurements of stroke length and stroke frequency are

also made--and in an effort to reinforce this latter concept,

.

students will later work on PLATO terminals and will manipulate

0

comparable variables for speed skaters, cyclists, sprinters, and

rowvers.

of angular kinematics, a laboratory

During the stud

experiment using gra check sequence pictures of golf swings is

used to compute the angular velocity .and &cceleration charac-

teristics of golfewms,

examining available textbooks. No respected engineering text

~ - K o’/ \

Knowledge," an attempt is made .

~
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"' Experiments such as these.are performed under controlled conditions

-
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. - i 8 . H “.
deviates from a logical dpproach to kinetics -- the nature of forces
. ) @

¥ N »

N ', . . r .
is examined and all of the forces present in even the most.simple

-~

analysis are accounted for before analysis is undertaken. In con-

trast, texts dealing with the bigmechanics of sports frequently

omit reference to certain significant forces, and the discussion-

of the remaining fortes is.hot systematic, .

Careful scrutiny of oudr field of interesf will reveal that

L)

there are six, and only six, forcas of any significance in bio-

»

‘into three categories, as follgws: . .~ ° '
. by ¢ - L ‘
1. Weight L S -
. L4 " v
2. Contact forces - . Yoo

a.; Normal reaction
. Friction .

" 3. Fluid forces
a. Buoyancy
b, Drag
c) Li

Students readi

—
<

apprecidte that as "an aid to ﬁémory the three

categories of force contain one, two, and three forces,

respéctively. T : ,

-

;

s

. Each of these forcgngawdafihedTTdemoqstratedAand studied in |

l . .

» ' -, soge detail and, where appropriate, 1aboré§bry éxperiments are

performed,. _ . L L

>

4 . -

1n'theflabbrhtory and,also.in realistic "field conditions" on

actual playing surfaces.

»
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For example;—stide 5 illustrates experiments with friction.

v’

-

., mechanical analyses. These fofceg may be éystematicaliy clasgified

.t Coaa ' T

-




SLIDE 1l
SLIDE 12
SLIDE 4
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- The_cbdncept 'of weight and center- of gravity is fully

appreciated after an examination of angular kinetics,

t

Although mosﬁAindoor,work is carried out in a relatively
unsophisticated laboratory-lecture room, the work in fluid
~mechanics is continued in the Department of Aerospace Engineering,

i . i <

Cﬁaracteristically, departments of physical education lack such

L\facilities,'but'it is frequently ﬁbssible to obtain the use of

engineering facilities .through diplomacy and common research
> v * - Y L
interests with engineering colleagues.
N ' ‘“ ¥

.

t 1
Following examinations of the six significant forces, the ]

. .
technique of drawing two-dimensional free body diagrams is

Y -

introduced. The student is expected to be able to sketch the
outline of an'instantaneous position in the execution of any

familiar skill,' then, significant forces are represented in

approximate magnitude, direction, and peint of application, by <:ij;{/

vector arrows. As an aid to memory in future analyses, forces

~

are considered, by ¢onyention, in the sequence in which they were

« f

- P

studied in the-earlier part of the course.

. - e
The model is” then subjected to—analysis, the results of which
‘ —’-‘._.. ) . ., —
are ufed as-a guide in the study of the real system. It cambe

seen that not only does the technique allow’for a logical add .

-

“~ ’ (e N ! i ot .
~ «detailed study of gross motor skills; but %}so serves as a

° .

.recognizable‘intrbduqtion to the concept of mathematics modeling,

- ’ . a -
-

- - ! .
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sports- and skills. These applications are carried out whenever
: possible in the locations in which the_activities‘EEE\peQEEETE§"f T -
: S R :\*:\
> ~ :\‘*§

~
., . . L3

s ‘\“ . . . ~— . s \\\ -
. and employ stbjects of a wide-variety of ability levels. A black- Ce \\\>\\\

. board is always available-for analysis, so that selecteg phases of *<\ e
- -gRills can be~iiTﬁStrated_usfng Eree body diagrams.._ S . N

Student evaluationhii baE_H upon%T§53i§f6ry‘reportq, two ﬁidi‘ e

. \\ e L N ) ~——
ST
term quizzes and upon a final written exa&?ﬁétiggl\‘The f1na1 -~ -

. . : -

ekamination follows the'patterﬁ set in the "Practical App icatioﬁg"“N. < .

TR =

; section of the c¢ourse. At each of a variety bf‘iﬁg@tions, students
observe performers demonstrating sport skills. Attention is drawn
to a specific part of each skill and questions are posed about the

' mechanics of the execution of 'the skill. In each instance the
e €

specified part of the skill is being performed inadequately ‘as the

resultgof inefficient mechahics. Credit is awarded for identi- - :
LY . / . .

_ ’ficatioﬁ of faults and for correct explanation of the mechanics |, ©

'¢¢Z *  involved. N ‘ o St

Separate sheets of paper are used for ‘each written digcussion.
. . P . L

’ ' Upon“ completing the analysis of a skill, the students‘give the

‘ appropriate sheet of paper to the instructor before proceeding . .
to subsequent locations. While moving from one demonsfration area

4 Y "

. ) to the next, students are encouraged to discuss previous analyses .

« T |

. Wlth one another and with the instructor. It is felt that this type, .

. ¥ , T [
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of evaluation procedure is in itself a learning experience, is . |

. “ |

~ ‘). . = \' I3 ’ . 1.
consistent with the primary course objective, and is thus more i

S

N <
- .

1
. +_appropriate than more conventional written examinations. » . }

— e , ‘\M\.\ 3
. In summary, the .und®rgraduate biomechanics expe;ﬁénce at, Iowa : )

State University has been designed to meet the neéds of the future

teachers of phygiCal education. Following the study of a well-
R . >

«

“ defined, utilitarian body of knowledge, each qudénp is given the> .

")

. . y" ] - )
opportunity to apply pertinent concepts in systematic analyses of-

gross motor skills, . T . X
SN i N
IR [ 4 . The techniques used to aid the student in acquifing an

et - ~

. ) . a
adequate level of prdﬁiciency,are in many instances. comparable’ to

JES—— - o
- LN - V5

those employed in numerous successful programs of biomecharics,

~ ) ~ but a number of uniqgg~aspects have evolved from the availability
B £ \ . L ° P : Fayt . »
T \ of local facilities.ind the interests of involved personnel, It is
\\ - " . ‘, R
No— _hoped that some of fhe innovations distussed may prove to be useful

B
B

s S . .
to other teachers of sbiomechanics.
X . ] |
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