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FORWARD . )

The funds for thié study were provided under Contract Nonr 609(32) between
Yale University and the Office of Naval Reseafch. :\éhis report deséribes the
first in a series of studies under the general project title "'.fhe Development.
of Criteria of Physicel Proficiency”.

Work under this project is-an outngh of my earlier interest in the struc-
ture of human perceptual-motor abilities. Athletic performance is certainly a
kind of motor skill, but the component abilities contributing to such performance
are not well understood. Once thése components are identified and defined, a

comprehensive battery of tests might be developed to measure them.- \_'l'his report

-,
represents the preMnary groundwork toward these o'bject:lves. - -

. This review was carried out by Dr. Delmer C. ‘Nicks in the summer of 1958,
while he was Research Associate on this project at Yale University. Dr. Ricks
continued his association wi'bix the project when he returned to San Fernando ﬁa]le'y
State College, Northridge, California, where he was Assistant Professor of Psy-
chology. His sudden and tragic death in Febfuary, 1959, at the age of 29, sad-
dened his many friends, students, and colleagues and removed from the scene one
of our most prcmising,' youngy experi.ﬁental psychologists.

I have undertaken to complete this review and to write this report from the
notes, cards, and early drafts left by Dr. Nicks. The difficulty in assembling
all the materials from his files in California ‘a‘nd here accounts, 11'.3 part, for

the delay in the appearance of the report. For the assistance provided in this

" matter I would like to expre’ss my appreclation to Mr, Paul Thomas and Mr. Phil
Munroe of San Fernando Valley State College, and especially to Dr. Nicks! wife y

Mrs. Ruth Nicks.

Mr. Elmar Kremer, research assistant on this project, provided valuable help

in the conduct of this review. ’
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Appreciation for their work in connection with the contrsct is extended to
Dre Ds D. Smith, Head, Paychological Seiences Division, and to Mr. John ﬁagé;f,

Assistant Head, Personnel and Training Branch, in the Office of Naval Research.

Edwin A. Fleisghman
Associgte Professor of
Industrial Administration
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during the past few years, has carried a feature story pointing up the rehtivél;r B

‘reason for the increasing public and offic..aL concern has been a series of studies

WEAT DO PHYSICAL FITRESS TESTS MEASURE? - A REVIEW

OF FACTOR ANAIETIC STUDIES

There is, today, considerable interest in dewfélopigg and maintaiﬁing the
physical proficiency of our manpover re‘soiirces.. Programs of physical education
are an integral part of curricula in public aﬁd private schodls, colleges and -
universities, Such progr'au;ls extend throughvall levels of .training in the Armed
Forces and to their military écademies. It is possible that individual students |
spend more tﬁ.me in phyéical eduéaﬁon programé than in any other single program
during their school careers. | , )

In 1956 President Eisenhower appointed a special committee on pbysical edu~

cation to study and advise him on the problem. Practica}ly every leading magazinel,
low level of performance of American youth on physical proficiency standards.‘ One

which report that European youth is far superior to American youth in general phys-
ical proficiency (K;raus and Hirsch.land, 1953, 1954). These conclunions are 'based’

én six tests (the "Kraus-we'ber"rests'»'). There is ample evidence hoﬁever; that

these tests sampl_e only two or three of many ability factors in pi'wsical proficiency.
In one study, Hempel and Fleishman (1955) 1d.en£iﬂed eight factors and there gr_ev
indications from other research that sti;l.l additional factors mus"c. be considered

in any comprehensive evaluation of physical proficiency. Clearly, we. need to.knw
what physical proficiency factors need to be assessed and we need to knov what tests

are the best measures of these ractors.

1 ror example, "The Report that Shocked the President", Sports Illﬁstrated, Aug. 1955; 1

"Is American Youth Physically Fit?", U. S. News and World Report, Aug., 1957.
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A direct approach to this ;re'blem is.a ccrre:iational aypraeeh in vhich
large nunbers of tests are given the same sabéects. ?hﬁ assm@tion iz thst
tests which correlate with each other measure the same fsctors and tests vhich
are %m{:crrelateé. measure different factors. The ma‘bhemtical techniqne ef fac-
tor a\nalys:’;.s (seé e.g. Thurstone, 1947; or Fruchter, 1954) is applied to the
correlations to isolate the common factors and ta. aséist in their desecription
&nd interpretation. ‘ N ' | N

S PURPOSE

This repert gresents a aritica; review .and integz's.tion of previous factor
analysis studies in this a:ces‘t -'ifhe revievi indicates’ 'bhe range of fsetcrs ifhic}i
have been identified as well as the kinds of tests vhich seem to measure tﬁemi :
It is hoped that this review will provide a) a framevork for gnbsequgﬁt research

into the dimensions of physical ;raficieacy and b} a ratiaﬁsle for the develop~

ment of 8 comprehezzsive battery of physiaal preficiency measures. It represents

& first step in & series of studies on these grablems

Nature ard limitations cf the re?iew

*

Most af the sta&ies revieved sre ig the p‘xu,rsical ed&cation literature.~
Meny of these staﬁes sre cencerned with building and assessing short ’aatteries
of tests which will correlate with a 3.onger,f more con@rehensivg, battery of tests.
Thus, they are more concerned with iaéreasing the e:t‘ficiénéy of the 'Eesting
process than with identifyling bassic sbilities, This gosl, however égsirable,

results in serious methodological problems when factor enalysis is applied. '

‘For example, factor analyses in this literature often include as varisbles a

number of composite scores from short batteries of tests. In some articles
over half the variables are of this nature. Frequently, these analyses include
course grades as variables in order to determine what factors contribute to

success in the course. Finally, many of the individual tests are themselves

.
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exceedingly compléx. It can 'be seen why factor resolution, in many cases, has

‘been difficult to achieve in these studies. »
Other difficulties stem from the analyses themselves. In several studies

factor extraction and/or factor rotations were stopped too soon. This compounded

the difficulty of comparing factors across studies, except in the area of strength

tests, which was the best defined. In some studies it appeared that an oblique
or hierarchical factor solution vmight have been. more approp;‘iate for the:ﬁata.
This was particu]arly true of anslyses made vd.thin 8 highly deiimited oréa‘ where -
all of the tests we.re high.ly intercorrelated (for example, dynamomofer strength
tests). In several cases, we were able to extract additional’ factors or make
additional rotations of ‘he original author s data. in attenmts to 1mprove factor
resolution and clarify interpretations. '
| PROCEDURE - |

A card file of fa.otors vaé made to 1nclude a oard for every ta.ctor 1n e;ach.
study reviewed. Each card conta;il_.ned the test loadingé for that fector.' Similar
factors were then sorted into plles as an ald in comparing factors. Inspection
of the tests in common made 1t possible to identify some :actoro with vd.ifferent
names as éssentialiy the same. In some casesj factors given the same name were
really quite different. Consequently, in the review to follow, “falctors‘ same-
times were given names other than those used by the‘oriéinal investigator. For

the most part, however, original factor names held up across studies. Where

different factor names were provided by different authors, we used the name which

we felt was most descriptifé operationally.. -
FACTOR ARFAS
It should be stressed that, despite the cautions and difficulties Aaescri‘bed
above, there was considerable consistency in & number of the factors which |

emerged. Furthermore, these seem to fall into several broad areas of ability,
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We will describe these factors, point out the tests vhiéh seen to measure %hem, '
and discuss some §u&stians raised by these findings. '
STRENGTH AREA - B
By far the most clearly defined area in the factor analyris literé.ture is
the ares of “strengt&:“; When the interﬁorrelatians smong tests of étreagth asre i

factored three broad factors emerge repeatedly. These factors are Explosive

-Strength, Dynamic Strength and Static Strength. There appears to be some correlis-

. tion between these fsctcrs, though the carre}atieﬁ is not high., In studies of

physical fitness tesis where these three factors did not emerge, ,t}:ere wasB

usually & "general strength" fs.eter. This eceme& vhen there were net enozzgh

© ptrength tests to define the three separate factprs.

let us examine these three factors more thoroughlye.

Explosive Strengtht This factor was identified more often than ‘an:? of the others

{see e.g. Brogden, Bufke; and Iubin, 1952; Coleman, 1940; Cumbee and Earris‘, 3.953;
Barris, 1937; Hempel énd Fleishman, 19553 Eutta; 1938; koGz‘aw, 19&9;‘ 33:-1&,-193";;
Shapiro, 1947). In sddition, amalyses by Carpenter (1941), Cousins (1955), High-
more (1956), larson {1941), McCloy {1940, 1956), ?hillips {1549}, and Seashnée
{1942) yielded factors which can he interpretea. as Explosive Strength. This i‘ac-
tor sppesars t;} emphasize thé gbility to exert maximum energy i:; one explosive act.
It has been called gnergy Mobilization or Power or "Iel'eeity‘ in some studies. The
purest tests of this factor include standing broad jump, vertical jump, an& ~
meaicine ball put. BShot zmt has & loading on this factor almost as high &8
me&iciae ball put, but also loads significantly on other strength faetorsa The .
common feature of tests of Explosive Strength is thst one is required to 3\2@

or to project oneself or to project Same eﬁject as far or as high as peséible.
The factor is ‘éistinguiéhea_ from other strength factors in requiring one shert

burst of effort, rather than continucus stress or repeated exertion.
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Short runs, dodging runs, ghuttle rﬁns', ete. often ha'vevappreciable loadings

on this factor. This is probably due to the push-off type motions involved in

many of these tasks, It seems reasonable that in these shorter 'sprints, a run- ‘
ner's time is inereasingly attributeble to the speed with which the runner can .

"get off the blocks", This is .consistent with our notion of the Explosive

Streng‘l:h fac‘bor. _

There is some evidence that there are separate, though highly correlate& :
Explosive Strength factors for arms and legs (Cumbee and Barris, 19533 Ra.rick,v‘mr
1937). These factors appeared sepa'."'ately, together with a general Explosive
Strength fector, in one of the most careful hierarchi(‘:allsolutions (Brogdéﬁ,
Burke, and Iubin, 1952) and iﬁ a :Eecent unﬁublished study factored by Nicks.

The Explosive Strength-Arm factor was defined by throws, puts; ete. while the
Explogive Strength-leg factor was defined by various Jump tasks.

Dynamic Strength; This factor has a.ppeared in the literature almost as freq_uent]y
as the preceeding factor (:Brogd.en, Burke, and Inbin, 1952; Cousins, .1.955,» Cumbee
and Harris, 1953; Hempel and Fleishmen, 19553 Laréon, 1940, 1941; uccioy, 1956;
McCraw, 1949; Metheny, 1938; S‘eashqr.e,.'19)+23 Shapiro, 194T). Tt sometimes Sas
been called Veloclty or Speed, but these names arei sMht misleading; Dynamic -
Strength seems to involve the strength of muscles 1n the 1imbs in moving.or

supporting the welght of the bod.y_répeatéd.]y over a given perio& of timé_. The

"~ best tests for this fa.étor seem to be pull-ups {chins), rope clind, and d.ips.' v

Dips require the subject to suspend himself between parallel bars with arms‘
rigid; the subject 1e't';s himself down é.nd pulls hiiéelf up 8s many f.:hnes as
p«:;ssible. A criticai aspect of this fretor appears to be the‘requirement that
the muscular force must be repeated as many times as possible, with a consequent
progreésive decrement in the force which can be exerted. Individual differences

in this ability sre largely a function of how many repetitions can be made,

S, N




Thus fé.r, most of -l;heﬂtesi:s definiag this factor iﬁvahfe srm ’ms’eles.
There is some evideéce s however, for a separéte Dynamie Strength factor in- |
volving the trunk muscles {Hempel and Fleishman, 1955; Phillips, 19}%9} Sit-
ups, leg lifts,. an&. push-ups are examples of tests loa&ing on this factor.
Thexfe is the further possibility of separate arm and leg factors, gltheugh
separate factors were not iseﬁatec‘i in any of the studies r‘evif.sx-feé.. The reason
‘for this msy be that none of these stuéiés ;{nclud.eé. any tests that could be ex-
pected to define s ieg factor. The sppesrance of moderate loadings for short
sprints’ on this factor does suggest the possibility of a separate t}mﬁgh cor-
related leg factor {e.g. McCloy, 1356). It would be & straightforvard experimeat‘~
to check this hypethesis. One study found se;xarste factors for arm ext‘ensafs‘
and arm flexors (Brogden, Burke, and Lubin, 1§52)‘ Ecwe‘?er, these faeiars vere
very highly cérrelate&. In any case, there appears to be a cluster of ccrrelate& ‘
sub~factors in this ares whie:h need more precise &efiait:{an.

Static Strength: This third, broad. strength factor has emerge&. clearly'in ,‘sev‘-

eral studies (Carpenter, 19L1; Cureton, léﬁ?; Earris, 19373 Larson, 19%0, >191L3.;'
Phillips, 194%9; Rarick, 1937; and Sills, 3.958} The best tests of Static Strength
appear o reguire an sxertion af & maximm force for & 'brie:t‘ perie& of ti_me where
the force here is exerted cantizauausly up o & maximum T}rpieal}.y, the fa:ce is
exerted against a fairly imava’nle s‘bject, such as a dynamometer. This contr&sts
with Explosive snd Bynamc Streagth where there is substanitial mavemeat of the
body or linbs. Furthermore, in Dynamic Strength, the force wmust be repg:ate;i in
successive movements and in Explosive strésg‘th the strain on the muscle is not
continuous. Tesis which have defined Static ‘Strength include é.yn&mcmetricél
tests applied to hand grip, as well as to arm, back, snd leg muscles.

In an ﬁagu’blisheé. stué.y¥ Nicks factored a small correlation ;mstrix of dyna-

’ mometrical tests provided by McHone, Tompkin, and Davis (1952). While he found
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some evidence for sepsrate :l’actbrs z.'epresen't;ing various funcﬁional ‘parts of the
body, most of the tests turned out to be complex factorially and the factors °
were not .well differentiated. It appears that it is proba’bly not worthwhile to
try to isolate a number of separate factors in the Static Strength area. It 18
of in“f;rest to note ihat ‘before the application of factor analyéis to these
problems, test batteries of physical proficiency often placed considerable em-
phasis on different tests of étatie strength. The lack of correlation of Static
Strength with the Dynamic ahd Explosive Strength factors, together with the
greater prgctical implications of these latter factors for significant.humaﬁ
activities, would argue against such overemphasis on tests of Static Strength.

FLEXIBILITY - SPEED AREA

Another ability area which seems distinct fromv Strength has been termed
Flexibility. Tests of this factor _ai)pear _to_ require the muscles 1nvolv§d to
endure strain or distortion, with some emphasis on rapid recovery from this
strain allowing an immediate repetition of the movement. fhefe is evidence
for separate Flexibility factors for the limbs and for the trunk. Fdr example,
Hempel and Fleishman (1955) found tests of kicking height and leg bends on a

"Limb Flexibility" factor distinct from a "Prunk Flexibility factor.

Extent Flexibility: An alternative breakdown of factors :;n this area 1s
"Extent Flexibility" versus "Dynamic Flexibility". The Hempel aﬁd Fleisﬁnan
factors may be interpreted as Extent Flexibility. Tests of Extent f‘lexibility
emphasize the ability to move or stretch the body, or some part thereof, as

far as possi’ble in various directi‘ons. For eiample, a persoﬁ who could perform
yoga exércizes would score e#tremely high on this factor. ‘

Dynamic Flexibility: Tests of the Dynamic Flexibility factor involve the

ability to make repeated flexing or stretching movements (where the extentlof

i o oot




[Ew—

Sremrn s

e e

8
the msvemgnts is either short or iong)l. Eié.mples of‘su;:}i p‘erfarmancesAareﬂsmt '
twist az.zé ‘deep knee bends. This section has been ca}_}_e& "Flexibility - Speed" |
because analyses of physical fitness te‘sts frequently refeal a carz;e}stea'cluster ‘
of factors vwhich emphasize both flexibility and speed of bodily movemenis and it \
is difficult to separate them. Thixs 3 factors galleﬁ fSpeed of Linmb Kc?ement",
¥Speed of {‘.‘.hangeb of I}irectidn” sometinie# emeége in dnalyses of such ies?;s ;
{Brogden, Burké, ‘s.n& i.a:bin, 19523 Cumbee, 1954, Cam}iee, Meyer, and Petersen
1957). One hypothesis is that s hierarchical facto"r structure might "sest de=-
scribe this ares. The most general factor would be s “Generéi Fléxibiiity -
Speed” factor. Contributing to this would be two broad second order fae;bors,b
Extent Flexibility and Dynamic F}.exi‘sili’ty. Mc Flexibility which we have
defined above, may be the same as & Speed of .Beaily Movement factor identified
elsevhere. Fiﬁally,. there would be fairly narrow factors such as Speed ’ce'f, Limh
Movement, Speed of Change of Birection, and, perhaps, a Rus faétar. ’It is ‘
possible that some of these might break up into specific 3.i:n‘b i’aators. ?igm‘e 1
é.iagrams the structure which might be found. ; ‘

Some support fa: this interpretation is Pound in an uspublishéd ’aaa}ysia‘by
Nicks of data provided from McHone, ka.{n, s;ﬂ Ba\fi.s‘ {i?Ei}. Ai}d these factors
have been identified in separate analyses by others. For the present, we will
give the tentative definitions of the factors which have been found in the ~ares '
we call "Dynamic Flexibility“. on ‘eccasion, the term "Veloecity” haé ‘been applied
to one or s8ll of these factors in the previous literature. |

Speed of Change of Direction. This factor is defined by testes in which the

subject must guickly change directlon, usually while running {Bregﬁea, Burke, and
Lubin, 1952; Cumbee, 1957; Cumbee and B‘arris, 1853; Iarson, 19h1; Phillips, 1949;
Shapiro, 1947; Wendler, 1938). Shuttle runs, dodging runs, potato races, load

highly on this fsetér. Some investigstors have preferred the name "sgility"

e
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(e.g. Cumbee and Harris, 1953; larson, 1941; Hcciay,’ 193}‘3; Mccloy ar:d :enﬁg,
195k4; Shapiro, 1947). The relation of this factor to agility tests and to runs
tests needs to be esteblished. ‘ o
Running Speed. This faetar has been ié.entifieé repeatedly as c@an to
short and long dashes {Brogden, Burke, &nd Lu'bin‘, 1952; Cousins, 19553 Highmore,
- 1956; MeCloy, 1956; Sills, 1950; and ?eﬁﬁlgr, 1938). There is evidence that
this factor correlates with the B}fnamic,Stréngth factor pre&fiously é.escribe&.
There is some eviéeﬁce that run tests also correlate with endurance fae'tvexs‘.‘ - :
For the present we include it here ’oﬁ a logical basis, although its status is |
not clear, A guestion that needs ansveriﬁg, for example, is whether tests like
Shuttle Run {which loads on a Speed of Chenge of Direction factér} zneasufes any-
thing different or additiomal to siraight long or short :"ﬁashes. The litersture
treats them as measures of separaté abilities ,k but fx;tnre ; research will ‘ciarify
this prsétiae. ' o

Spee& g Limb Movement. This is the sbility to moire 'the s.ms‘ or legs gs

_ rapidly as possible, where skill is ne‘}: involved. Thus, & ’Spee& of Arm Kavemegt
factor has been found (Cumbee, 1953, Cumbee, Meyer and Peteisen 19573 ‘Fiéiélnnén;
1954, 1958; Fleishman and Hempe}.,‘ 1954, 1956) in tasks requiring the subject to
strike two plates with & siylus, or to bresk photoelectric beams with rspi& arm
movements. ' | |
BALANCE AREA

The factor structure in this ares iz not well defined since very few studies
have included more than one or two balance tests. Not many tests of bélsneing 4
sbility have been developed. However, the studies which did include so%aé balsnce
tests furnish some suggesilons of factors that might appear here '{Saés, ‘3.939; '
Carpenter, 1941; Curbee, 1953, Cumbee, Meyer and Petersen, 1957; Hempel and

Fleishman, 1955). There is evidence for sep&rate' static and dynamic belance
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factors. These have been ca,lleﬁ. VEquilibrium Balance and Perforzx;ance Balance
(Hempei and Fleishman, 1955). There is also some indicé.ﬁon that balancing K
8bility may be related to whether the eyes are open or not (Bass, 1939). v'.ly.'his
should be guite easy to test. The relationship 6f these to é "Kinesthetic
Discrimination” factor measured by "tilting chair" tests (Fleishman, l95h)
needs to be determined. Finally, one study (Cum‘éee, Meyer, and Petersen 1957)
isolated a "Balancing Objects” factor-in each of two studies. The definitions
of the bélz;.nce facvtors found by our review, follow.

Static Balance: This factor seems to represent the ability to maintain bodily

equilibrium in some fixed position. Often this position may be an unusual one.

Tests requiring the subject to stand on one foot or to stand on a rail have

loaded on this factor.

Dynamic Balance:; Tests of this factor require the subject to maintain balance
while performing some task (for example rail walking). It is 1likely that good
tests of this factor might require the subject to balance himself on a very

unstable object like a large ball.

Balancing Objects: The name of this factor is self-explanatory. Tests of this
factor would involve balancing a yai‘dstick on the end of the finger, or a ball

on the back of the hand, etec.

COORDINATION AREA

An area of pﬁysical proficliency which iwéuld appear distinct from strengt.h,b
speed, flexibility, and the other factors mentioned, ar_:d inrbortant in its own
right, is that of coordination. Yet correlational studies have failed to show
up an ability which could be labled ﬁith confidence as "general coord;ndtion".'
An additional guestion of interest is whether there.are several types of

coordination.

Multiple Limb Coordination: Fleishman (1956, 1958) Fleishman and Hempel (1956),
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and Parker and Fleishman (1959) have identified a factor which they call
PMultiple Limdb Coordination” in snalyses of perceptual-motor abilitlies. This
factor is common to §sy¢h0mator tasks in which the subject must coordinate the
simultaneous movements of two hands, tw§ feet, or hands #né. feét in operating
various devices. Shapiro (1947) also found such a factor in psych;:mét&‘tasks.
Hm»ze\feé, tests of this factor do not correlate very m&ch wit§ physical pro-
ficiency types of tasks {Adams, 1953; Shapiro, 1947}. Sc; it appears ;hhat the
kind of coordinmstion emphasizing simultaneous use of several lim‘ss iﬁ operating
equipment is ﬁe‘a the same kind ‘ef coordination és might be involved ig athletic
type tasks. In Fleishman's studies with psychomotor devices 'the subject is |
seated or standing in one placé and is not required to move his whole body.
Perhaps, fhe critiesl distinction is that movement of the {zhale body is not
involved in the kinds of tasks which appe:r on the “Kulti§1e Linmb Coor&instiaﬁ“

factor.

" Gross Body Coordination: Cumbee (1953), Cureton (1947), Bempel and Fleishman

(1955), Ierson (1941), and Wendell (1938) did identify a factor they called
"Gross Body chxéinatic;n” s which 414 seem to améhasize‘ more gross activity ef’ "
the whole body {e.g. hurdling 31:;5. Jumping tesks). Perheps, {.his is the s'sme‘ B
Factor vi;xich others have ealled "agility”. The question is not yet answeréd,' -
but 1s worth checking in future studtes.

This is not to say that several coordination factors have not been i&esti- .

‘fied in the physical fitness area. Such factors have been found but are poorly

defined, For example, a general factor often labeiea "Gross 'Eraay Coordination™
can be expected to sppear whén & nurber of complex sports skill tests {e.gz. ball
catching, sacéér kicking) are included in a 1;.rger 'battéi'y {e.g. Cunbee, 1953,
}.95’3;?&11&&13., 1938}. FHowever, this tells us vli'ttla sbout the precise nature

of this factor or its possible components. The distinction between this factor
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and oﬁe called "Motor Educability" (e.g. Iarsoﬂ, 1941; McCloy, 1938; Metheney,
1938; Wendler, 1938) is not clear. Some (e.g. McCloy, 1938) have vieved this
factor as representing a; kind of physical fitness IQ general to tasks requiring
large-muscle coordination. The best measures of this factor are the Brace Test
and the Johnson Tesf. Both of these are composites éf many subtests emphasizing
tumbling, hdps s stunts, balance; etc. It is possible that this factor taps |
some kind c->f "understanding of what has to be done" in & complex skille;i motor
performance. However, it is likely that -the "Motor Ed\;cability" factor wduld
breek up into components in suitably designed s‘cudie.s., as McCloy, himself,
implies (McCloy, 1954). | ‘

‘The findings of Fleishman on the definition of the Multiple Limb Coordins-
tiqn factor suggest that this ability depends ‘on central or corticél nervous
system activity. This inference is made from the fact that people who do well
on two-hand coordination taské, also do well on foot-hand, and ﬁwo feet cq; i
ordination task:;. For example, no separate factor coufined Lo two hand activity .
was found. The generality of the "Gross Body Coordination” faétor, vhatever its
precise definition, would seem to imply an emphasis on ééntral factors independ-
_ent of body menbers or particulgr miscle groups. If this is true, fhep it will
be difficult to develop pure tests of this kind of coordination, ',just as it has
been difficult to develop pure tests of Multiple Limb_Coordination. iﬁcwever, ‘
future studies should be directed at & better definition of this ability area |
with the subséq_uent attempts to develop some tests which emphasize coordination

and minimize strength, flexibility, balance, etc. Of course, it may turn out

. that the essence of coordination is the ability to integrate the separate

" gbilities in a complex task. Analyses of test batteries containing "coordination”

tests varied in specific ways should clarify these questions.
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ENDURANCE AREA | .

Sev‘ers.l‘ studies with physical fitnesé tests have isolated a factor la'blé&
Endurance {Brogden, Burke, and Iubin, 1952; McCloy, 1956) or one which could be
so interpreted {Cousins, 1955}. McCloy {;956} identified several different ene-
durance factors, but on close inspection, two of these turn out to be more like
our gefinitlions of Dynamic Strength and Expiesive Strength; his ‘third'fse';ar
may be Endurance. In & typical case {McClo;;r, 1956} the fector was aefineé. by
long runs and ”érop-offf‘ scores. The "drop-off" score was écmpnt.é& asis. ratic
of an individual's speed for long =snd short runs; the assurption is tha“t‘,'hhe .
greater the difference between long and short run performaﬁce; the poorer the
"endurance®. Of course, the inclusion of such scores in the same ansl}rsesj with 4
the long run scores would yileld a spurious factor cammon to these scores. Thus,
the factor labeled "endurance®™ in these sta&ies may be néthing more thsn a
specific "run factor”. ’

Ea&:e?er; there is séme evidence that aﬁ endurance factor may extend beyond ’
run tests to other tests ze@ziring subjects to perfprm over time. Thus, tesis )
such as dips and pull-ups, when scored in 'herms of "munber completed” may load
on a factor with running tés%:s. Whether this means that long runs involve limb
strength or that both long runs snd certain strength tesis depend on & separate
"erdurance” factor remains to be shown. It would be possible to explore this f"
by giving some strength tests as "endurance” tests {e.g. do és many pt;li-ups a8 .
possible) and as timed tests {do as many as you can in 30 seconds) and examining
their relstionships to cthgé.ené,urance type tests .{e.g. long runs). Is there
any variance besides strength, vhich we might iabel éndurance, in the first type
of pull-up test which is not in the timed version?

In & recent unpublished study by Nicks, sn endurance factor vés tentétiﬁfe}s

identified as common to ™leg raiser™ and "bent arm hang” tests. The first test

[P i s A i i s S e B S R3O0 ekt i a1 e e
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-requires the subject to lie on his back and hold his legs 12" off the ground for '

es long as possibl-é;w In the second test the subject pulls himself up until his

‘eyebrows are even with the chinning bar; he holds this position as long as he

can. This factor appeared separate from a Dynamic Strength factor defined by a tra-
ditionsl "pull-up" test end a "dips" test, but it was highly correlated with it.
The question to be answered is not whether "endurance” is important‘ in such

tests, but whether 1t 1s necessary to postulate a separate "endurance™ ability

v over and above the strength factors previously described. Such an ability, for

‘example, might emphasize the capacity to maintain maximal effort over time. In

our present state qf knowledge we should aliow for this possibility in future
studies. Of spécial interest is the relationship of endurance to the strength
area é.na the possibility that several endurance factors méy exisf.. " In the former
instancé it will be recalled that an alternative name for the "Expios:lve Strength”

factor has been the name "Energy Mobilization".
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CGNCH?SIGK o '

This review hez&escf;be;; féurteen factors of physical prbficieaéy identi- .
fied from previous research. Other possiblel factors vwhich might be discovered )
were also é.escz;ibeé. A number of gquestions were raised regarding the s"tﬁ'ctn‘re'
of skill in this area and aaggestiéﬁé were m&e for future a;tué.ies ‘hé answer
these questions. Several things are clesé. There is no su‘ch‘ tizing gs gengral
gmrsical greﬁcieaey"ﬁ/ The problem "is a multié:&eaéionsl 6ne, It 18 slso
clear that gre?iaus studies cam?aring Americs.n youth with yaa'hh of other coun-

tries have assessed only s small number Qf the factors alreatiy ié.estiﬁed.

?ram the foregoing &iscussion, for example, it would appear that the erus-=

Weber tests measure mainly the Extent Flexibility {Trunk} and Dymie Stren h
(Trunk) factcrs. ‘ : o o e

' As a follow-up to this review, several large scsle stu&ies will ’ne con-

ducted. The attempt will be made te inc}.ude representative nmessures of these

factors and aamiaister"f;bhem to large samgies of subjects. The objJective is te )
e . ‘ ) E
answer scme of the questions raised about the strncture of physical preﬁcie:zcy,'

to clarify suizjf the factor d.efinitiens 3 an&. to ideutify nev fseters which

might emerge. entuslly;ﬁs&hsp ;g &evelcpﬁa 'aattery af basic reference tests

1% Q,‘é{af \?. it%‘:«
which vill provide camprehensive ca?erage of a‘bilities in this areapn Such
measures would also allow an assessment of the relative contributions of ‘bhe
camponent abilities to = variety’of different, more complex, athletic performances.

In the meantime, Apgendix A presen‘ts n outline and desariptian of tests
A M "‘I'f g

are new ideas. This outline also provides sn interim report of what sbilities

such tests probably measure. T )
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APPENDIX A
Tests Classified by Factor

The tests will be classified by factor area. It should be stressed that

in many cases these are hypothesized areas (see text) and in other cases the

tests are new and their factor content unknown. Furthermore, for newer tests

coﬁs_iderabie pretesting' needs to be done before precise administrative_conditioﬁs
can b‘e specified. This ‘1ist' is to be régarded as a starting poinf_for definitive
studies in which these tests are administered together to the same subjects and
their empirical relationships determined. However, for the time being this
list may be helpful to individﬁals- interested in a comprehensive c_ovérage of
a'bilities ‘in this ares, bé,sed on current knowledge. A reading of the text will
indicate th_é degree of confidence to be placed on the different factor areas
described. ‘

In some cases the reader may fecogniie a familiar test‘which has been
changed in some way. This does not indiqate a lack of standardization but rather

~

a suggestion for "purifying" such tests to measure the indicated factor. For

.

- example, the Vertical Jump Test is similar to the Sargent Jump Test. However,

in the Sargent test the subject jumps and stretches his arm as high as he can.
We‘ require the sub,je’ctvto keep hié_arms down in order to minimize a poss.{‘ble‘
Extent Flexibility facf.or while.ma)_::i.mizing the Exj:losive Strength-heg factor.’
The first 32 tests providg the basis for a single factor anéljsis study of‘ |
Stfength-Endurance tests. The remaining tests could conxpi'ise a single study 4in
an area loosely termed, Speed-Flexibility~Coérdination. Certain tests sixould
remain common to both studies, . For exampie s "run" tests would appear to be’
needed. in both studies to provide answers to a number qf quéstions raised ih the

preceding review,
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Explosive Strength - Iegs

i. Vertical Jump. The subject jumpé as high as pcssi?}lé, without raising
arms sbove the shoulders at any time. He may be allowed & fes? practice ’
Jumps before the actual test jumps. His score is the best of three jumps.

The score is the difference between the subject‘&standiﬁg height and the

top of };is‘heaé. at the highest point of jJump. One of the 'simplé‘r ways to .

measure this is for an cbserver to stand on & heﬁch witk a light rod. He
touches the wall at the proper point after each jup ,’té :rece:?é. the height.
The rod may be held lightly on the S's head If necessary. k ‘Observers should

practice this befare sctually scoring the tést.

2. Standing Broad Jump. The subject stands with his toes touching the start

1line which can be the sdge of a mat or a line of the floor. He then Jumps :

as far as possible with his hands at his side vi‘theutfslling backwards

onto his hands, If he.fslls 'bae&waré,s the jump does not count, His score k

is the distance from the stﬁrt line %o the. heel of the cloéest foot at the

time of impact. The best of three jumps is recorded.

Explosive Sﬁre_agth = Arms

3. Sitting Medicine Ball Push. The subject sits on the floor with his legs

" spread out in front of his body. He then holds a medicine ball between his

palms and throws it as far as possible. The hands should be on the si&e

rather than the back of the ball so the su'bjeét cannot flick it with his ‘ k

wrists when he throws. The score is the best of three throws.

4., Soft Ball Throwe The subject stands with his foot on the start line.
He throws the ball as far as possible with his preferred hand without :
moving his feet. The score is the best of three t}arﬁws,

5. Medicine Ball Put. Subject staﬁ&s with both feet tanching start line
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and "puts" medicine ball as far . as possible with preferred hand. The other
" hand may be used to balance the ball, The feet my not move du.ring the
throw. Score 1s the best of three throws.
' Statie Strength

6. Hend gr grip. Sub,]ect grips dynamometer th.ree times with each hand. The

best score for each hand is taken and these are added to give the combined
score. ' .

.7. Arm Strength. One end of a dynamometer is fastened to the wall. The

§ . subject_ grips. the dynemometer with his preferred hand and pla‘cesi the other

arm against the wall in a locked position. He then pulls as hard as possibie

-against the dynamometer., The best of three tries is re-orded.,

“ 8. Trunk Strength. The subject sits on the floor with his back to the wall,

jp—,

Subject's strap is ‘the’n fastened to the upper body (either under drms or
around the shoulders). Thé other end of ‘the strap 15 fastened to a d;rné-
nometer which is fastened to the wall. The sﬁbject flaces hies hands behind
. his head and sits far enough from the wall so that he is 1eaning back at ‘

about a 30° angle. He then pulls forward as hard as possible. Best of

e e 3mSR I AT T

three tries is recorded.

Dynamic Strengt}i - Arms (flexers)

9. Pull-ups (timed). Subject grasps bar with his palms facing toward his

body and chins himself as many times as possible in 20 seconds. His chin

SORPRUNNN

must reach the bar and his arms must be fully extended during each cycle.
The observer will count aloud during the test. If the arms are not ex-
tended or the chin does not reach the bar the cbserver will count 1/2

instead of a full count, so that the subject knows when he is being penalized.

10. Rope Climb. The subject, standing on the knot at the bottom of the rope

: -~ A
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grasps the rope vith both hands as high as possible #nd. he starts elimbing
at the start signal. He may not use his feeﬁ. Subject climbs‘as far as
he can in 20 seconds. His score is the distance from ﬁhere izis' hands
teuc}i the rope in the standing pésition and where théy touch the rope #t’

the end of the 20 seconds. -

11, Pull Weights, The subject lies face down on a bench vith arms down

holding & 1light bar bell under the bench. EHe pulls the barbell up as many

times as possible, extending his arms down fully s.';‘the end efkeaéh cycle.
The scors is the number of cyele‘s in 30 seccné.s; Tes*t ’ll should be in-
¢luded in s factor analysis study with the other strength tests 'I:o see if
Bynamic Strength requires manipal&tion of the ho&y or ﬁ 1t ig general to
other activities reduiring strength. ‘

}}yns.mie Strength - - Arms {ex'tensors)

12, Dips. The subject grasps the parallel bars at the end. At the start
he ,jumps to an arm rest position which counts a5 one. FHe then dips until
the arms form a right é.nglé #ﬁé. pushes up to the arm rest position. He

4 does this as many times as possible in 20 seconds. Scoring sh;\;iﬁ. be done
as in chinning test. Credit should be given for pertial cycles. ‘A method '
for scoring these must be wo:‘ke&k out. | ‘ |
13. Push-ups. 'Su'n;iec'ﬁ lies on the floor on his stmeﬁ. He iées as many
push-ups &5 possible in 30 seconds. Back shoula be straight at all times;k’
Arms should be fully extended and nose 5hcul& touch the mat each time.
Observer can score as in test 9.
ik, Push Welghts. Subject lies on back and presses a light barbell, up
snd down, as many times ss possible in 20 seconds. EHe pu’sﬁes arms avay

from the body until arms are extended and returns véight to within one

R
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inch of his chest. Score is the number of times the subject returns the
bar to start position. Test 1lh should be ineluded in subsequent factor
analysis studies for the same reason given for Test 1ll.

Dynamic Strength - Legs_

15. Deep Knee Bend.s. Subject places hands on hips and does as many deep

knee bends as possible in one minute. He should reach a full squat position

on each cycle,

16. Push Weights - Feet. Subject lies on back with knees égainst chest

.'a.mvl legs straight up. Metal shoes, with weights insei‘ted, are strapped on..
k"l‘he subject fully extends his legs upward and returns them to the start
position as many times as po_ssi'ble in 20 seconds. He is giveh preliminary
triais to permit him toi hendle the balancing problem. Score is' the pumber
of times subject returns to start position.

anmic Strength - Trunk _ A
17. Sit-ups (30 seconds). Sub.ject lies on his back with his hands behind

his head. The observer holds his legs down at the knees. Subject then
does as many sit-ups as possible in 30 seconds.

18. BReverse sit-ups. Subject lies on floor on his stomach with hands behind

head. He then raises his torso as far as possible., Observer éhquld note
extent of this position before sﬁarting tesf. Subject then resumgé prone
position before starting test. He raises his torso as many times as pos-
sible in 20 seconds. Observer should see that torso is raised as far as

» possible each time. Observer sits on subject's legs Just in front of the
knees. Score is the number of times the subject raises himself in 20
seconds, ‘

19. leg I.ifts.’ Subject lies flat on his back with hands ¢lasped behind
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‘his neck. He raisés his legs, keeping them straight, until they are i‘*ez‘*‘bi-"’
cal and then returns them to the floor. ‘Ee repeats this ‘é}fcle as fast as .
be can. The score is the nunber of eomp}.efeé, leg lifts inl 30 secoﬁ&s; -
Tests 20 through 25 emphasize strength ‘bt:t may involve some emiur&nce. It |
is 1ikely these tests measure the same facters &g t}:eir timed caunterparts
{see sbove}. However, the inclusion of these tests in‘the ‘same fsetor snalysié o
studies with shorter, timed strength tests should reveal if a separale ccmpaﬁent
of :‘*enéurance“ is measured by these tesis. ' Tests 20 thrﬁugh 23 allow the pos=- |
sibility of a Statlic Endurance factor, where émphasis is on the sbility to hold
the body in s straineé. yosition with the fiexar mscles , a8 distinguished from
Tests 24 and 25 v}zic}z isvolve re;}eatea. fiexing. |

Dynsmic Strength - {Ené.uz‘ance?}

20. Bent Arm Hang. Subject hangs from chinning bar and 'tlhen, at‘ the start
signel pulls himself up until his eyehrcws are evea vith the bar. Ee holds
this position as long as possible. Score is the time this positisn is held.

21. Hold Hslf Push-up. Subject iies on stomach, hands on :l’laor under chest

in push-up position. At start signasl, he pushes himself pari wey up uﬁtil' '
elbow forms, roughly, a right engle, He hdlé.é this position as long as
possible. Score is the time this position is heid, : '

22. Hold Hslf Sit-up. Subject sits én ficor with feet out in front and his

hands behind head. On the start signal he leans back about 30° to 50° and
holds this position, back straight, as long ss possible. Scorg is 't,hé time
this position is held. ‘

23. leg Raiser. The subject lies on back with hands behind head. At signal
he raises his legs éo that heels are sbout 12" off floor. _Se keeps this
position as long a&s possidble. Iegs must ‘;e straight st all times. Score is

the time this position is helde

oS

[




Dips (limit). This is done as in test 12, except 1t is not timed, The

score is how many dips the subject is able to do.-

' 25, Pull-ups (limit). This is done as in test 9. The score is ho';r meny
chins thevsub,ject ié_a‘ble to do. v | . |

26. Squat Thrusts. From a squat-rest position the subject vleans :orwa;'d

and places hands, arms outstretched,-on floor in front of him. He returns

to the squat-rest position and t1.1en stands. This sequence is repeated as
rapid.ly as possible, Score is number completed. . »

27. Squat Jumps. The subject stands with hands clasped on top bof his head

aﬁd his right foot about 12 inches in front of his left foot." He sguats

until the ;'ight heel touches the right buttock. He then Jumps upward until
both lowef legs are coxﬁpletely extended and the feet have cleared the floot.

He then‘ squa.ts until the left heel téuches thé left ‘r_:uttock. He '-repeats

this cycle as many times as possi‘pie. ".l'his tést is likeiy to :lnvolve.the :

Explosive Strength factor., ft ' o .

28. Step Test. The subject stands in front of a 20" ‘bench. He places one

foot on the bench and steps up until both feet are fully on tﬁe bench. He

stepé down one foot at a time. The pace is counted off by the admin.tstrator:

"Uﬁ ~-2-3- ,. Upr- 2 =3« L," etc. "Up" comes every 2 seconds).

Duration in seconds (until exhaustion) is recorded.

Factor analyses of this area might well 1nc1ude Treadmill tests where the
subject continues at a given pace until he slows below a critical point. While
these tests may not be feasible for routine administration, they would be use-
ﬁxl for the experimental factor analysis work to throw light omn the nature of

the endurance factor.
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Run Factor

Tests 26 through 29 sre "run" tests and are included in the same study vith "

strength tests to assess the role of the éifferent strength factors in short an&

longer dashes. Thus, it is possible that short &ashes losd more highly oh

Explesi;\re Strength and longer runs .‘mari more highly on Dymmic Strengt& Inclu— k

sion of these runs 's-rith strength tests a}.so shoul& demonstra.te if -1 separate
*run” fact;}r appears. Such s study vsuld also indieate the generality ef a
possible “endgrsnce factor®, '

29. 50 Yard Dash.

30. 10 Yard Dash.

31. 100 Ysré. Shuttle Run., Two lines are marked off on the floor, 20 yarés ‘

spart. Subject starts behind one line. He runs to the other line, back
again, etc. for five laps, ending up at the far line. Time is sccre& as
for other runms. ’ E ' o

32. 600 Yard Run-Walk., From s standing start fhe subject sterts running

the 600 ysrd distance. He may interaperse ﬁ:a}king, ‘but the c‘n,}ect is to

finish as fast as pessihle. Score is time to finish.
Inclusion of test 32 with the ether strength, run, and "ea&urance” tests shc&ld
tie down the ussfulness of the "endurance” cencept s used here. )

Tests 33 through 67 may be considered the basis for the second large scslé.
factor analysis study. ' ‘ k |

Extent Flexibility

33. Kick Seight. Sui}ject stands nesar a gradaaté& scale on the 'o:all and
"kicks ss high as possible with his preferred 'leg. Gbservér" stands on bench
if necessary and notes height of kick. Score is best of thr‘eek tries.

34, Touch Toes., Subject stanés on a8 ‘aeﬁch with his toes even vith one

edge. He leans over as if to touch his tees, keeping his knees lackseé.
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His score 1s how far down he can reacﬁ. To prevenf minus scores,12 inches
above the bench might be taken as zero. If the subject could just touch
his toes, then his score would be 12 inches. If he could reach twb _yinches
below the edge of the bench, his score would be 1k inches, ete.

35. Twist and Touch. Subject stands with his feet about 12" apart and‘

his toes touching a line at right angles to the wall. This line should
also extend vertically up the wall., The subject stands far enoﬁgh from

the wall so that he can just touch it with his doubled up fist with arms

~outstretched. The subject then twists as far as possible away from the

wall (to the right if the wall is on his left) and touches the vall with
his hand as far forward of the vertical line as possible'.‘ A righthanded
subject would normally stand.with the wall on his. left, turn to'the right,
and fbouch the wall as far forward as possible with his right hand. The
score is the num'bér ‘of inches in the subject’s reach 'forwar.d of the verti-
cal 1:lne.- The oi:sérver should bé sure that the subject's feet» remain fimly

planted in p::sition during the test.'

Dynamic Flexibility

36: Twist Flexibility. A belt or strap is tied about the subject's body

and arms just above the elbows so that the arms cannot be moved except ‘»
from the elbows. The su‘b;‘ject then stands with his féet slightly apart and
his forearms held straight out 1p front of him, Uprights are then placed
on elither éide of hiﬁz so that the two uprights and the center of the sub-
Ject's body sre in a line. First, the upright is _placeti far enough from
the sp’b,ject s0 that he can Just touch it with both hands’ by tv:lsting his'

body to one side or the other, holding his arms out at right angles to his

body. Two marks are made on each upright at the level of the subject's
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elbows and 18" below this. At the start of the test the su's:}ecf. staﬁé.s up= .

right, facing straight forward, with his forearms held out in fron‘b of him.
At the start ‘signal he twists his body and tatzches the upper mark on the

right stanchion with both hands. He then stoeps and touches the lmr i

zark with both hands, twists to touch the lower mark on the 1eft stanchien, S

rises to tatzeh the upper mark on the left stanchion, tonc}:es the ugper mark

on the right stanchion, ete. He mekes as many cycles as pcssible in ‘0

seconds. His score is the number of cycles kgcompiete&. ?artisl scﬂres a:e

given for partially completed ¢ycles. An alternate methscl of scoring is -

for the c¢bserver to time 20 cyeles in tenths of seconds. vyAncycle is com-
pleted when the subject touches the upper mark on the lei’t stanchion.\:, In
this method, the cbserver should count the ‘cyeleé aloud as they are com-

pleted. Observer should be sure that the subject touches all marks with

both hands.
3'2". Stoop-twist. 8ubject stands with his heels lS" from the wall fscing'

swvay from i't. There is a 6" circle on the wall vhich should be even with '
the subject's shoulders snd di:‘ectly behind him‘ The sahject staaps an&

touches the floor between his feet, rises ssﬂ twists ‘to touch the circle

on the floor again, ete. His score is ‘the number of cycles he can complete

in 30 seconds.

38. Shuffle. Any line on the gym floor may be used for this 'ﬁest. There

should be two marks st right angles to the line and 20' apart. The sabjéci:

stands on one of these marks with his hands on his hips. At the start"s'ig-' o

nal he moves sideways down the lire by moving first both toes, then both
heels, ete. keeping both feet together at sll times, He shuffles to the

other mark and back, a total distance of 40'. His score is the time

ww
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required in tenths of seconds. If the subject separates his feet he must

‘take the test from the beginning again,

Speed of Limb Movement - Arms

39. Two Plate Tapping. Two 6' disks are used as above. Theee are placed
on a table about 12" apart; Subject taps them in succession as rapidly as

possible for 30 seconds. Score is the number of taps on one plate.

40, Arm Circling.' The subject, standing, leans over a waste basket (13-14"

in diameter) and swings his preferred arm so that his hand goes completely
around the circumference of the basket: His score is the number of com-

plete revolution in 20 seconds. |

41, Block Transfer. This requires two trays sbout 12" square with sides

about 1/2 inch tall. Each tray contains 20, 1" square blocks. The subject,

using his preferred hand, transfers all the blocks from one tray to the
other e.s rapidly as poesible, .t.ak:ln'g only one 'biock at & time, Be then
transfers them back, etc. The blocks should be transferred four times so
thaﬁ they end up in the original tray.A Score is the number of seconds re-

quired for the task.

Speed of Limb Movememt - legs

42. One Foot Tapping. The subject sits on a chair facing with his foot

<

. B 1
resting on the right side of a flat 18" board. The board has a 6" perpen-

diculsr partition in its center. He 1s required to 1ift his foot over the
paertition, laterally, and tap the other side of the board. BHe corpletes -
as many back and forth tapping movements as I‘Sossible in 20 seconds.

k3. Two foot Tapping. The subject stands facing the wall, lifts his right

foot, and taps the kick board twice before returning it to the ground. The

kick board is 12" square and 18" off the ground. He does the same with his

left foot and repeats the cycle as many times as possible in 15 seconds, )

e B i
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4, I,eg cireling. The subject stands so éhat he can swing his leg sround

the circurference of a waste basket. He holds on to two chairs for support.

Eis score is the number of revolutions in 15 seconds.

Speed of Change of Direction

ks, Dodge Run. Any obstacles can be used though upright stanchions would

probebly be best. The stenchions should be set in a‘straight line a't 15¢%,

. 30%, k5%, and 60% from the base line. The s%zbject starts at the I:ase lizae

at a point in line with the row of stanchions. Ee runs to the right of the

first staﬁchion, o t}ie left of the second, to the right of the third,
around the fourth, left of the third, right of the second, left of the first

and back to the base line. His score is time in tenths of a second. He |

msy not toach any of the stanehicns.

L6, Petato Race. This test requires two parallel lines on the floor, 15‘

apart. The subject staris behind one line, runs across the ather line

. {both feet m:zst cross the line) runs back aeross first line, ete, "Sca};e is “ ‘

time for five rauné. trips, i.e., 3.53'

1&?’. Fig&_g_e Duck. Twa s‘tanchions sre set up, lf}‘ spsrt' A ligh'b rod is

; fasteaeé. to these at the height of the suhgeet‘s sho&l&ers* A high-

Jumping a;zparatus may be tsed if available. Su‘bject starts at thke;right',
side of one of the uprights. He ducks under the ;'c&, goes around the f#r ;
pole, back around the first, ete., in figure eight fashion, ducking the
upright each time. His score is the time reguireé. for ten figxire cycles,
48, Zig-zag. This test requires two parallel lines 20° aﬁart and at
right angles to & base line. Phge’six’ uprights cn 'Ehese' 1lines, two at 'the
intersections with the base line, two 20' from the base line, and two 4o

from the base line. The uprights on the left line will be called 1, 2,

e
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end 3, starting at the base line. Thdse 'on the right will dbe l},v Sy 6 starf.- '
ing from the base line. Subject étarts at poie l. He ruﬁs vto_pole‘ i,
touches itv, runs to p;)le 2, touching it, etc. The subject does‘n‘ot run
around the poles, but just touches 1‘t.hem with either hﬁnd. He starts at

pole 1, then touches &, 2, 5, 3, 6, 2, 5, 1, 4. His score is the time in
seconds, . ,

The Shuttle Run test (test 28) previously described should be included

here. The inclusion of straight run tests here should indiéate if "speed of
change of direction” is a distinct factor.

Coordination

49, Throw and Catch. Subject stands behind a line 20' from the wall and

bounces a tennls ball against the wall. His score is how long, in tenths

of a second, that it takes him to bounce the ball against the wall 20 times.

If the ball touches the floof at any time the test must be started over.
50. Bar Vault. The subject vaults ovef a bar using 6nly his hamis. The
bar should be raised 2" at a time and when the subject fails three t.'u!;es
in a row the last position of the bar is taken as his score, |

51. Dribble. Subject dribbles a basketbpll back and forth bétween fvo .
lines 20¢ apart on the floor. The ball must bounce at least once on the_
far side of each line. He drivbles over and back for a total of bO'. His
score is the time required in tenths of a second. If he loses the baZL'L,‘
he may start over again. ‘ -
52, Jump and Turn. There -should be a circle on the floor, about 18" in
diameter. At least elght equally spaced line should radiate frqm the
centei' of the circle. The subject stands in the middle of the circle with

his feet pointing to one of the lines. He then jumps and turns around as

o
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far as possible, landing on both feet in the same wplacfe.‘ His score 'is the
number of segments of the cire}.e between his original gésitien and the
final position, The best of three tries is used as his tést sCOTE.. |
53. Grass Drill. Two chairs are placed 7' apart, The subject gets é.m
on all fours, hands and feet, beside ome of the chairs. On signal "GO",
the subject, on all fours, travels around the first chair, goes between
the chairs, sround the second chair, and back between the chayirs to his
starting point, thus completiﬁg'kthe figure B. This completes cne cycle. '

The subject's ss‘ere’is the length of time required to complete four cycles.

'5h. Csble Jump. The subject is given a 16" length of 1/8" diameter flexi-

ble wire csble. Handles 4" in length sre attached to each end. He bolds

the cable by the handles, and jumps over it, maiﬁtainiag h&Iance 'efhezz

landing. The score is the number of correctly performed Jumps out of five -

attempts.

Static Balance

55. One Foot Lengi:h{dse Balsnce - Eyes Open. The st;’ﬁject 'bslances on &

rail (1 1/2" high, 3/ wide and 24" long) using the preferred foot with

the lsng axis of the rail parallel to the long axis of the foot. The —-- -

sub ject keeps hané.s on his hips and he says "go" when be feels he is
balanced. Score is the time until he tauches the fioar or removes either

hand from his hips.

56. ‘One Foot lengthwise Palance - Eyes Closed. Same as test 55 except eyes
kept closed. k

57. One Foot Crosswise Balance - Eyes Open. This is the same as test 55

except the subject balances on the ball of the foot with the long axis of

i the rail perpemiicul&r to the Iong axis of the foot, -

e o TR
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58. One Foot Crosswise Balance - Eyes Closed. Same as test 57 with eyes

closed.

' 59. Two Foot lengthwlse Balance - Eyes Open. This is the same as test’
55 except that wwo feet are used on the balance rail and must maintain
o contact with it throughoute ‘ '

60. Two Foot Iengthwise Balance - Eyes Closed. Same as test 59 with eyes

: : : - closed.

61. ‘Two Foot Crosswise Balance - Eyes Open. This is the same as test 59

. except feet are held crosswise,

62. Two Foot Crosswise Balance - Eyes Closed. Same as test 61 - with eyes
closed, - ' '

Dynamic Balance ‘

63. Circular Rail Walking. A hexagonal rail, made up of 6 boards 3/4"

wide, 3 1/2" deep, and 24" long is used. The subject starts at the be-

[P

‘ ginning of a segment, hands on hips, and walks 'baclcw‘ard around the he_xagon
as long as possible, putting one foot in back of the other. The subjec§
cannot put more than one foot on any segment and no foot may overlap seg-

. " ments. | A subject's score is the number of segmenﬁs traversed before the ,

subject falls or removes his hands from his hips. The test score 1s the

- better of two triles. _

6. Board Balance. A teeter board made up of a 'board. 2’4'" x 12° x 1"
supported by a 12" long, 2" x 4". The bottom of the 2" x 4" has the edges
planed off at an angle so that the width of surface in contact with the
floor was only one inch. The subject balances himself on the teeter board
by placing one hand on the tester's shoulder fpr support. When the subject

feels he has his balsnce and wants to start, he removes his hand from the
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tester's shoulder. This is the signal for the tester to start the stop

watch. The subject's score is the length of time he maintains his balance. o

His balance is lost when he falls off the board or when either end of the
teeter board touches the floors =~ . =

65. Hop into Circles. Eight 12" circles, equally spaced, are drawn on

the floor in a large circle. : The éubéect stands in one éircle on the ball
of his preferred foot, hands on hips, eyes open. He then hops around the
big ;:ircle, l&n&ixg‘eachktime‘ in the next one of the sma}_l circles. Trisl
ends when the other foot touches, #he floor, hands 1e3§e ’the hips, or tﬁe
subject looses his balance, 'Subjéci ﬁsy"nct stand in any circle more than
five #econés. Séare is ;the mﬁber of ecircles touched faefgre the end of

his trial. Test score is the best of three trials.

Balaneing Cbjects k

66. BPall Balance, lfh_;e s‘xbjest balances s volley ball on the back of his: ;
closed fist, using his preferred hand, holding his hand at showlder height.
The subject is not allowed to move his feet.' The subject determines -
starting siénal. When he has balanced the ball s.nd vants to start, he
says, "GO". Time ends when the subject ﬁc&c’:hes the ball with any other
part of his body or the ball falls to the fleor, The ‘sabjeci’:‘s scé:e is
the length of time he keeps the ball balanced..‘ Tesf Scbre is the best cf
three trials. _ | | |
€7. Stick Balance, The éu’s;}ect balances & yardstick on the index ﬁngér _
of his preferred hasnd fﬁ?'ag iaé.g a§ paQSihle. Gtherywise,‘ this 1s the .

same as for test 66,
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ReCeas .
The inclusion of these balance fests in the same study (tests 55-57) should
. ' &llow answers to the following questions: 1) do tests with eyes open appear‘
| on the same factor as tests with eyes closed or are separgte balancev' factors
involved, 2) do tests requiring balancing during performance involve & éeparate
factor from more static equili‘brihm maintenance tests, 3) is & 'balanc.e fact‘orr !
o 'general to tasks involving the balancing of objects by the body as well as

those involving balancing of the body?
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