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ABSTRACT

Twenty-one variables believed to be important
indicators of health related physical fitness were measured on male
and female college students between 1991 and 1993 (n=433).
Exploratory and confirmatory factor analytic techniques were used in
an attempt to derive important components of physical fitness. The
exploratory factor analysis identified five important factors of
collegiate physical fitness: (1) strength and endurance; (2) body.
compesition; (3) heart rate; (4) blood pressure; and (5) flexibility.
For the confirmatory factor analysis, an a priori model similar to
that developed by Marsh (1992) and one similar to the American
College of Sports Medicine (ACSM) were tested in which body
composition, body girth, muscular strength and endurance,
cardiorespiratory fitness, flexibility, blood pressure, and cardiac
functioning were hypothesized as important fitness parameters.
Results of the confirmatory factor analysis indicate that neither the
ACSM nor Marsh's model provided good fits for these students.
Reliability estimates were high but poor validity and goodness of fit
indices were found. This indicates that common fitness measurement
techniques may be inadequate when assessing college students' fitness
levels. (Contains 11 references and 3 tables.) (SLD)
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Title: Bxcioratory Versus Confirmatory Factor Analysis of Collegiale Physical Filness

ABSTRACT

Twenly -one variables believed Lo be impertant indicators of health relaled physical fitness
were measured on male and female college students between 1991 and 1993 (n=443). Exploratery
and confirmatory factor analylic techniques were used in an attempt to derive important
components of vhysical fitness. Recenl definitions siress cardiorespiralory enduranec, muscular
strength and endw ance, body composition, and flexibilily as key ingredients of health-related
physical ftness (Baumsartner & Jackson, 1987: American College of Sports Medicine, 1991). In this
study. the exploratory faclor analys's identified five important factors of collegiale physical
fitness: &'rength and endurance, body composition, hearl rate, blood pressure, and flexibility.
For the cozfirmatory factor analysis, an a priori model similar to thal developed by Marsh (1992)
and one simyar 1o he American College of Storts Vedicine (ACSM) were tested in which body
compositien, body pirtly, muscular strenglh and cidurance, cardicrespiratory fitness, flexibility,
blood pressure, and cardiae funclioning were hypothesized as importanl filness paranmiaters,
Resu' s of the confirmatory factor analysis indicated that neither the ASCM's nor Marsh's model
of phisieal filness provided good fits for these cotlcze sfudente. Reliabilily estimades were high
bul pos vataity and oodness of il indices were found. This indicates that common fitness
meaxvrenient teehniques mav be inadeqaate shoy cesessing collese shudents finess levels,

Kev words. expioratory Tactor analyzis, confirinatory faclor analysie, physical fitness, rehabilily,
validity
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Over the last decade, a growing research interest in defining and identifying key isgredients
of physica! fitness has occurred. This interest has stemmed from the American populations
desire is nudntein physical fitness and recent evidence thatl American youth are less physically
fil than previous generations (e.g. Pierce, 1992). The outcome of Lhis research has been numerous
d-finibong of physical filness thal are nol empirically derived or tested. Casperson el. al. (1985)
defined physical filness as "a sel of allributes thel people have or achieve Lhat relates lo the
ability 1o iform physical activity.” This definition is somewhal dited in thal in recenl years.
the coneept has diverled more from athietic domains Lo health relaled concerns. Heal h relaicd
phvsical fitness was characterized by Pale (1936} as "an abilily Lo perform daily activilies with
viror, and the demonstration of traits and capueilics thal are associaled with Jow risk of
preiaieie development of hyvpoxinetic diseases.” '

Presently, the most popular theory of health-related physical filness iz the position held by
the American Colleze of Sporls Medicine (ACSV). The ACSM (1991) proposed five indicalers of
physical fitness: museuiar strength, muscular endurance, body composition, cardiorespiratory
cndurance, and flexibility. The ACSM adopted criteria from the American Alliance for Health,
Physical Fducalion, Recreation, and Dance (4:HPERD) Health Relaled Physical Filness Test and
recommendalions by Baumgartner and Jackson (1987). The validity and reliability of {hese
componenls and their indicators are well documented (AAHPERD, 1984). However, ncither
orranization deseribed how these separate compenente were derived or {esied. Since it is widely
believed that physical fitness conlaing many dimensions and is delermined by a wide range of
woctioral capacities and abilities of the individual (Safril, 1981). the dimensions Thit refiect
those ndividual capacitics need to be empiricalty derived and tested. The purpose of this study
was to defermine through exploralory and coriirmatory faclor analveis the components of
physicit Dinees that underly its definition.

Fartor analylic techmyues Lo derive plysics! fitnese componenls have reecived very little
altention i the published Tlerature. Currerty, there are only two published sludies that
wdeidified s components through empirical devations. Fleishma 11964) pioneered the use of
factor @nalvsiein physical education inorder to identify fitness components thal could be used
in a comprehensive fiiness tatlery, Fleisbmicss subjects were United Stales Navy reeroils who
nere tested on foclors of slrenoth, speed, floxibility, bakmee, and coordinahion. Strength was
subdivided mto dynamic strensth, stalic sbrengt, and explosive strength. Dynamic strenglh was
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sicasured by such skills @ pondene pushups, berd erm hang. vope olimb, dips, and < uat
thrists Ml wiregth was neessured throurh the nge of dynometers ze snideels were testad on
the abiity to appiv foree Lo it or pusn weighls. Lxplosive strengll was mea:ured by jumping
ad cpriing achivities slone with the cofthalt tirow.

Baved on B explorelory facior anclvsis of wi measurements, Fleishman identified six factors:
explosive sfrenath, limb speed, balance with visual cuex, gross Lody equilibrium, dynamic
flexibility. o d oxtent flexituiity. Despite Lhe extraciion of six factors. {hese separale faclors of
fitness only explained the variance of the measured variables. Wiere Fieishman's study may have
been limited was in the omission of cardiovarcular endurance assessments and the lack of
validily and reliability estimaies that are provided through confirmatory factor analytic Lests.
Fieishman also did not discuss the correlations among the exiracted factors. The inclusion of
ciidurance weasurements may have provided different resulte in the Fleishman sludy.
Confirmatory tests of the Fleiskman model mey aiso influence hiz dexcription of fitness.

The most recenl faclor analytic investication of physicel fitness was reported by Marsh
(1992). Marsh incorporaled modern advances in confirmatory factor analysis to tesl an a priori
structural cquation model of physical fitness from a 1985 survey based on twenty-five fitness
measureinenis of nearly three thousand Australian boys and girls aged nine, twelve, and fiftecn
years. Marsh hypothesized nine a priori filnzss factors: cardiovascular endurance, explosiic
strenath, dvnamic elrene'h, slalic strength, flexibility, blood prescure, lung funclion, body girth,
and skinfolds,  Cardiovascular endurance indicators were maximal oxvegen uplake based on a
subsel ¢f the sample, 1.6k run lime, and physical work capacily (Kme/ke x min) as measured
on a Nonark bicyele using 3 minute increments of increasing difficulty.  Dxplosive strength
indicators were 50 meter dash and standing long jump. Dynamic strenglh included thirty second
situps and number of pushups done al a cadence of 207 minute with 100 being the maximum.
Static streecth indicalors were grip. shoulder push and pull, and leg strenoth. Flexibilily was
measured by o it and yeach test. lung function wus delermined by one second foreed
expiratory volurme and forced vital capacily. Bedy girth indicators were mid-arm, waist, and hip
pirth. Skinfolds were teken wl five different anatomical sites: biceps, triceps, subscapular,
suprailiac, and midabdomen.

A eonfirmatory factor analvsic of Marsh's dafa resulted in a good fit between the measured
dala and sactor siructure when explosive and dynamic strength were combined into one factor.
With the exeeption of phvsical work capacity and pushups, the variables highly loaded on the o
priori structural model. Marsh further observed thal the model was invariant across the three
age groups and across pender. Thug, the structural model was useful in explaining fitness Jor
all greups

Both Fleishman and Marsh provided solid videnee that physical Titness ix @ muitdimensional
construct which cannol be assessed by w single indicalor. However, they digsegreed on the
application of their results Fieishiman belicved thal slandard scores could be generated from
the Tactors inordor o comuare ones filness across age jevels and abilitv, Marsh strongly argued
aralnel provide s e conpesite senre of physical fitness basd on the fuctor stmeure. Aveording
to Marsh, "considerable information m the gpecifie factors would be lost in the formation of a
sinple totul ccore” T argued ad maltiple sels of seores should Le collected over time for the
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an. ...dl\\dua\ sucit thal Indications of aclieving ones personal best could be defermined rather
than compating ope's Lol fitness score o the rest of the population.
S ine prf-\‘('ni sludy. two models of filness were tesled. In e fir 4 model, seven a priori
fe~.<-‘-o' five based on ACYU's puidelines and two addilional faclors, were analyze:d throueh both
o datory an onfnnh.‘mv methods in an allempt o define physical fitness. The seeond «
priort model of physicel filness underwent ((mfm“uio volesting and 11\0\'ed only the five
i->n\},<>1‘on‘< o1 - hysical fitness laken from the ACSM. The components of fitness  were asseseed
srough indicats s consiglent with ACSM definilions. Cardiorcspiratory endurance wes defined as
lne cb.ht, perform large muscle, dvnamic, modera e-to-hirh intensity exercise for prolonged
metiods, Bod_\’ compositior. referred Lo lear body tiseae or pereent body fat. Muscular strengih
was defined as (e maximal force thal could be senerated by a specific musele or muscle group.
Vuscular endurence was tne abilily of a musele rroup Lo exceute repealed contraclions over a
period of sufficient time duration to cause muscular fatigue. Flexibilily was the maximum abilily
0 move it joint through a ranse of snotion. The two final a priori factors were heart rale and
blood pres=sure.

MITHOD

The sampie consisted of 434 colleze undergraduates enrolled n Exercise and Health classes
al the Universily of Toledo between 1991 and 1993, Participants ranged in age from 18 to 50
with the mean age of 210 wilh a ¢landard deviation of 4.9, Two hundred and u.nt\’ five of the
subjects were female. Subjects were measured over three consecutive class days on a variely
of variebles believed to be important predictors of physicel fitness. A tofal of twenty- one
variables was measured on all subjects.

Micasurements of body composition consisted of chest/tricep (CIIT). abdomen {ABS), and thigh
(117) fai. tolal body fal percertage (PBF), and waisl circumference (WAI). Skinfold measurements
wore expressed in millimeters as delermined by a Slimguide skinfold caliper. For Lhe variable
CHI. males were measured al the right pectoral and females al 1 e right tricep.  Muscular
endutaince indicators were the number of bent knee silups done in sixly seconds (SSU) using the
allernaling contralateral etbow lo knee style and the number of full range of molion standard
pushups {males) or modified pushups (females) done in sixly sceonds (SPU). Cardiorespiratory
endarance measurements were one mile walk time (OM), one mile run time (OMR), and twelve
minute run distance (1) (ACSML 1991). Al estimators of cardiorespiralery endurance were

completed on wn indoor track with nine and a quarter laps (qu()llmf' a mile. The measurements
of (ndu wnee were done on separate days with ol least t\\o dave of rest belween measuren-ents,
}'I(-x"bi‘ni\' was assessed by oo slandard sit and reach fest (TRF) and was recorded in inches.

asedar streneih indicators were maxinum beneh press B), maximum leg extension {LG). and
gezimim arm curl (BACY BP and BAC were completed on universal weighl machines and LEG
was easured using only one feg on universsl or nautids equipment. Svetohe (SYS) and diastolie
i) Blood pressure readines expressed inomg served ax measurements of blood pressue
acreise cart rade (B tvo minule recevery heart rate (TUR) and resting heat rale (RHR)
served as indieators of Bearl rate Blood pressure readings and RHR were micasured foilowing
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£ desx e forty five minutes of rest. DHR and TMR were seif-reporled wfHer completing e

wwelve misnte v distance The fingd measired variable was height (HG1) which was recorded
IO

Expleraie:y Taclor Analysis

To arrive st the best solution, ar oblique rotation of the data was conducled. An orthozonel
rovelicn o'y converged when numbers on the principal diagonal were significantly altered from
one. Tne olligue rolation converged in Lwenly-cight ilerations. Table | tists the variables thal
loaded hizhly in the structure matrix and their corvelalion with thal fuctor. Tive sisnificant
fuclors were extracted based on the Kaiser rule,

Ingert Table |

Based on the variable loadings, fector | was identified as "strength and endurance’, faclor
2. 'body composition’, factor 3, 'heart rale', factor 4, 'blood pressure’, and factor 5, 'flexibility",
Strengih and bndurance accounied for 28.6% of the variance followed by body composition, 19.17,
cardiu function, 8.5%, flexibility, 5.6%, and blood pressure, 5.3%. Despite the extraction of five
separale Tiness components. the factors were nol orthogonal. Factors 2 and 5 and factors 4 and
o were somcewhal relaled, - 27 and 26, respectively.

Confirmalory Faclor Analysis

To dctermine whether the specified a priori model betler fit the dala than achieved
through & posteori exploratory factor analysis, a confirmatory faclor analysis using LISREL 7
software was computed (Joreskor & Sorbomn. 1988). The original a priori model specified
cardiorespirelory endurance, muscular strength and endurance, body composition, blood pressure,
hearl rate, and flexibility as the latent variablex. The variables thal were hypo'hesized to load
onlo these Tactors are listed in Figure 1.

e first a priord model provided a poor fit with the data, X~2 (114)= 898.41, p-.001.
Construct validity, the clustering of observed variables around their lulen! construets {(Mucller,
1992), wis poor. Small factor loadings were erserved when compared to their stundard crrors.
towever, reliability estimates, squared multvle correlations of the ehserved variables (Mucller,
1993). were moderalely viel Tolal cocfficierl ef determination cqualled (999, Table 11 gives the
standird zed Toadings in vambdi X, Table I prevides the reliability estimates of the seven Tactor
moder.

Ingert Tables 1 and i here

pa

(
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o lcoond a priort model tested was Lesed on the ACRMWe peidclines. Cardiorespivatory
enduranee, nezcular strength and endurence, botv composition. and fiexibility were hy poth(\wvd
pethe ey een Lo! enls of fitness. For Lis mode!, @ poor goodness of fit incex was alzo found,
Vap (=001 As with the previos mocel, construct validity was weak and reliability
extin e were lllOd(,Idl(]\’ high. Tolal cocfficient of delermination cqualled 999, Standardized
factor teadings and reliability estimates were similar to the values expressed in beles Il and 1.

>

DISCUSSION

e results of the present investisation vicded two impertant general findings. The firel
was st hiodern lechniques in faclor analysis and structural equation modeling need to be
meorysiaied ivlo exploralory research melhods. Acceplance of structural models in all realr.s
of scienee Is inadequale unless validity and reiiabilily estimates of significance along with
“roodiess of fiL" tesls are calculated. Making decisions solely on exploratory research techniques
may lead to inaccurate and misleading interiretations. i the present study. the exploratory
anelysis vielded similar oulcomes Lo olher previous research in physical fitness but these resuils
were not supported by the confirmalory testing,  Ex plordlo' fuctor analysis yielded five
important clements of physical fitness thet were laler rejected through confirmator. facior
analyzis,

A second important finding was the confirmation of physical filness as a mullidimensional
construel. Clearly, and consislenl with previous literature, physical fitness needs to be assessed
by a variely of Lcchmquc\ thal measure the functional abilitics of the individaal. According to
this sludy, those functional abilitics may relate to ones muscular strengtn and endurance,
cardiorezpiratory endurance,  body composition. flexibilily, cardiae functioning, and blood
pressure. However, according to this study, using solely these eritei« for assessing fitness is
inadequate.  Attempls al accepling these components into @ model of physical fitness failed.
Thas, for @ college population, the definition of hrulth=related physical filness may be moderately
differen’ than proposed by the ACSM and ASHPERD organizalions.  This study used thar
recorinendations of physical fitness componerts and indicalors o arrive al solutions thei did
nol support Lheir definition.

Thix study s inconsistent with allempts o define separate components of physical fitness
in order 1o compule a lolal Finess score. My ezreement wilh Marsh (1992), a tolal score would
be inaceurate not only because arbitrary welghis would be assizned and critical information
wotad be lost, but also becanse The componerts are not orthozonal. Repested allempts to amve
al @ model that identified separale components of Tifness Taled. The exploralory analysis
indlm!« d that factors cardiorespiratory endirance and musceuler strengih and endurance ves
highly 1ewled. Similarly, blood pressure and boly compogition were somewhiad  reladed.
Therefore, withoul taking mlo account the nalure of the v aliongr e belseen tie factors aud
aven fhc confirmatory analysis found an adnnssable solulicn, o filness seere based on separale
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components would be inadequate even with assigned weights,
iteould b argned that the removal of variables from the model wits low reliability scores
anri poor fucter loadings would iead Lo an admissable sclution. However, in this case, it would
s o dewer than Uhree variables loading onto a facler and weaken the u)n\l uct validily of the
nz-\;;li'l e, 19092). Sinee a limited number of variubles were used 1o estiniate their underlying
construst, the removal of variables from the model wae net conducted. Repealed allempls Lo
define an acceplable model while maintaining construcl validity failed.  The resulls of the
conimatory wnalvsis indicale thal for this data and this sample. an acceplable model of physical
fitness may not exist.
roheenh diserepant with Marsh's findings, clear and distinel catesories of physical fi'ness
could not be derived from lhis sample. Marsh derived eight lalent factors that validly comprised
plivsical filness bul his discussion on Lhe reliability of the indicators was limited. When an a
priori rodel similar to Marsh was analyzed, reliabiiity scores were moderately high but validity
cstimates were weak. Similar resulls were also observed for the ACSM model of physical fitness.
Where flis study differs from the Marsh sludy was in the tesis of zender and age groups.
This sh'd\ did not allempt to creale models of filness for each age group or gender. Perhaps
if the modet testing considered these variables, could an acce )Lable model of f1 ness be found.
An aceestabie model may also have been found if varizbles that included lung function, dynamic
and exicnt flexibility, motor abilily. and differing sirength measurements were incorporated into
the studv. A factor cannot be derived that was nol measured. This study largely relied upon
reconiiendations by the AAHPERD and ACSM organizalions which did not include these variables.

fihen measuring health related physical filness, physical educalors should not treal its
components as separale elrmenls bul rather, as a mullidimensional construct thal contains
highly dependent elements. Most noleworthy was a high dependence of endurance, strength, and
body composition measurements and a positive relationship between the factor body composition
and givth and the fuctor blood pressure (r=59). Atlempls ab scpuiating the three factors to
define fitness levels are extremely caulioned,

This information can be useful in assessing physical fitness of collegiale subjecls and can
assist phvsical educalors in utilizing appropriale balleries and tests of fitness. However. until
the relulionships between the components are incorporated into an equation that specifies cach
fitness indicator and until further derivation studies of filness are eendueted that mvestigale
differences in age, gender, race, cle., repeaied petformance comparisons within an individual
may be the most 1mportr.. marker of physical fl tness (Marsh, 1992).
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Jhysical Filnes:
Table |

Sienifleant Joadinzs of cach variable on the factors in the
exploratory structure matrix

Factor 1 'aclor 2 Pactor 3 Faclor 4 Factor H

Ty, 03)  PBR(630)  TMR(BSS)  TRF(76)  SYS(882)
SSU(772)  THI(514)  EHR(845)  HCT(-560)  DIALESY)
OMR(-.761)  ABS(854)  RHR(469)

SPULT27) WAI(.802)

PRR(718)  CHI{.691)

BP(719)

BAC(.685)

THI(- .675)

LEG(545)

0 (- 520)

HGT(A464)

LEST COPY AVAILABLE
11




Table NI

o

Standerdied maximun Hkelihood estimates of e freed paramelers of the seven Tucler medel

Cadio Museo Muss Rody  dleart Plood
i'nd. bnd.  Str. Comp. Kale  Vlex.  Press.

\"al'iéﬂ;!(:;\‘

T 870
OMR 8.7
ONW H6?2
SS. 768

SPU 194

BP 876

BAC K51

(e 024

PR 263
CHT 706

ABS 741
VAl 919
TH 705
LHR 628
RHR 2141
THR 1.0

TRI 0T
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Table 11l

heliabilily estimales of cieh variable in measuring heir underlving construst in the seven
facter - ol

Relighiy Reliability
Varial.e Coefficient. Variabl: Cocfficient
TND 82 OMR 763
OMW H84 S8y ey
Spt 685 BP 167
bAC 750 LiG 542
PBI 711 CHT 748
ABS 610 WAl 218
Thi T PHR 134

RHR 221 ™R 1

SYE 702 DIA 001
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