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Aerobic fitness is an important indicator of hbdttr children. Estimation of aerobic
fitness (VQmay from field-based tests is an essential aspegbwoth fitness tests. Field tests
can also provide researchers with more practicgbwa examine status or track changes in
aerobic fitness than laboratory-based tests. Mim&tds tests require a maximal effort from
participants. Submaximal walk tests may provideugaie estimates of aerobic fitness and be
appropriate for overweight, unfit, or unmotivatddidren. The accuracy of walk tests to
estimate VGQnaxin young children is not knowRurpose: The purpose of this study was to
develop and examine the reliability and validitygofarter-mile, half-mile, and one-mile walk
tests for 10-13 year old children. A secondary paepwas to cross-validate previously
published walk test equationdethods: Participants | = 61) walked one-mile twice on
different days with at least 7 days between sessialk times and heart rates were
recorded at one-quarter mile, one-half mile, anghaile distances. Physical activity
guestionnaires, height, body mass, skinfolds, BODP#&hd maximal treadmill tests were
administered. V@naxwas directly measured during the treadmill tesiltile regression
was used to develop models to estimate aerobesktwith and without body mass and self-
reported physical activity as predictors. The PRES&ed statistic was used to cross-
validate the modelResults: Quarter-mile walk models were slightly more acceithian

half-mile or one-mile walk test&ight quarter-mile regression models, which canded for



a variety of purposes, were developed. Results stidhat heart rate did not add
significantly to the prediction of V&,.xwhen body mass was in the model. Removal of heart
rate from the model makes test administration suibstly more practical because the test
user would not have to assess heart rate. Selftegpphysical activity added significantly to
the prediction of VQyax The recommended model was: )= 64.481 — (0.143 * body
mass [Ib]) + (3.930 * Gender [F=0, M=1]) — (3.838tiarter-mile Walk Time [min]) +

(1.363 * 30-Day Physical Activity Recalllg = .92, standard error of estimag&HE)= 4.22
ml-kg®-min®. The accuracy of the equation was confirmed whiessevalidated. Walk times
(R ~ .90), heart ratef(, ~ .82), and estimated 4« values R ~ .98) were highly

reliable over the two test sessions. Cross-vabdadi previously published walk test
equations demonstrated lower correlations with measVQmaxand higheSEEsthan the
walk tests developed in the present st@ynclusion: The quarter-mile walk tests developed
in the present study provide valid estimates ob¥£JIn young children. The quarter-mile
walk tests should be useful for educators and resees who would like to estimate aerobic
fitness from a submaximal field test, particulanyoverweight, unfit, or unmotivated young

children.
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Introduction

Aerobic fitness is an important component of clafds health. As an accurate
indicator of aerobic fitness, VWaaxis defined as the maximal amount of oxygen consume
during maximal exercise. The direct measuremeM@yf . is considered the most accurate
method of assessing an individual's aerobic fitnass this measurement is used in clinical
and research settings for diagnostic purposesarekamining the effectiveness of
endurance training programs for healthy individwald individuals involved in clinical
exercise programs (Kline, Porcari, Hintermeistealgt1987; Pober, Freedson, Kline,
Mclnnis, & Rippe, 2002). The direct measuremer¥ 0k, however, has several
limitations in its practical application. It reqas expensive laboratory equipment, dedicated
laboratory space, trained technicians, and mucé, twmich makes it less useful for testing
large numbers of people or school children (KliRercari, Hintermeister et al., 1987,
McSwegin, Plowman, Wolff, & Guttenberg, 1998; Pobeal., 2002). In addition,
participants must provide maximal exertion durimgct assessment for accurate and
meaningful results (McSwegin et al., 1998). To dubiese limitations, several field-based
submaximal tests have been developed to estimaibiaditness.

The FITNESSGRAM has been selected as the youth fitness testddPrisidential
Youth Fitness Program. The FITNESSGRRIserobic fitness assessments include the
Progressive Aerobic Cardiovascular Endurance RACHER), one-mile run/walk, and walk
test (Meredith & Welk, 2010). During the PACER aryaf the maximal effort distance run
tests, it may be difficult to elicit maximal exemi from unmotivated young children or from
obese, overweight, and unfit children. Thereforegik test that does not require a maximal
effort may be a practical and appropriate aerabies$s test for unmotivated or overweight
youth.

However, few studies have examined the walk tesydang children, especially for



children under 14 years of age. Kline, Porcari,tetimeister et al. (1987) developed
regression equations for the one-mile walk te$¢rred to as Rockport Fitness Walking Test
(RFWT), for male and female participants aged 3@®&s. The Kline, Porcari,
Hintermeister et al. equations were shown to ovienese measured V.« in college-age
participants (Dolgener, Hensley, Marsh, & Fjelsi894). Several studies (Greenhalgh,
George, & Hager, 2001; McSwegin et al., 1998; Waigl2011) supported the accuracy of
the Kline, Porcari, Hintermeister et al. equatiaih high school students and highly fit
adult participants. The equations developed by &udg et al. (1994) were demonstrated to
be more accurate for young and lower fit partictpahan the Kline, Porcari, Hintermeister et
al. equations (George, Fellingham, & Garth, 1998alk test regression equations to
estimate aerobic fitness developed to date have \wd&lated or cross-validated on
participants aged 14 years and older. A revievhefliterature found no published studies
focusing on either validation or development ofkirad equations for children 13 years and
younger. In addition, few studies have examinedkwasdts for either validity or reliability of
distances shorter than one-mile (Greenhalgh e2@01), and none in children younger than
14 years of age.
Purpose Statement

The primary purpose of this study was to develapexamine the validity and
reliability of one-mile, half-mile, and quarter-milvalk test regression equations to predict
aerobic fitness in children aged 10-13 years. Asdary purpose was to cross-validate
previously published one-mile walk equations

Research Hypothesis

For the primary purpose, one-mile, half-mile, andger-mile walk test regression

equations are hypothesized to show evidence opéalole validity and reliability. For the

secondary purpose, the equations developed ity are hypothesized to be more
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accurate in predicting V&axof the 10-13 year old children than previously |@izd
equations. The equations developed in this stutlyoiter valuable and useful walk tests to
predict aerobic fitness in young children.
Definition of Terms

For the purposes of this study, the following temese defined as follows:
Aerobic Fitness— Aerobic fitness is defined as the maximal cagaoitake in, transport,
and utilize oxygen. It indicates the functional &eipy of the respiratory system, the
circulatory system, and the muscles (Sharkey, 1997)
Rockport Fitness Walking Test— The Rockport Fitness Walking Test is a field-loase
submaximal aerobic fitness test to estimate,Vusing a one-mile walk protocol (Dolgener
et al., 1994).
VO 2max— VOomaxis the maximum amount of oxygen the body can wsig a specified
period of intense exercise, which depends on boalysmand the strength of the lungs..MQ
will be measured using the COSMED K4iprtable metabolic system. @y is the product
of the maximal cardiac output and arterial-venaxgen difference (American College of
Sports Medicine, 2013).

Delimitations

The study was delimited by the following factors:

1. Participants aged 10-13 years children wereuatedl.

2. VOomax Was measured with the COSMED K4ortable metabolic system during
specific maximal treadmill protocols.

3. The distances of walk tests examined includednaite, half-mile, and quarter-
mile.

4. The one-mile walk was conducted indoors onektna which 7 laps and 170 feet

was equivalent to one-mile.



5. Percent body fat was estimated from skinfolds Biaughter et al. (1988)
equations and from BODPOD air-displacement pletlognaphy body density measurement
with the Lohman (1986) equation.

6. Physical activity was estimated from the 30-Pdysical Activity Recall (30-Day
PAR), Youth Risk Behavior Survey (YRBS), Physicaiti&ity Readiness Questionnaire
(PAR-Q), and Physical Activity Questionnaire ford®t Children (PAQ-C).

Limitations

The study includes the following limitations:

1. Results are generalizable only to similarly aged similar aerobic fitness status
participants.

2. Representativeness of participants cannot bexgtesed.

3. Maximal effort of the participants on the trealtitest is important for a valid
criterion measure of V&hax

4. Participant’s honesty to answer the questiorghgsical activity questionnaire is

important for accurate estimates of physical atgtivi



Significance of the Study

No data are available for walk tests on participaiinger than 14 years of age. The
present study, which attempted to develop and atdidhorter distance walk tests, is
especially important because some unfit, obesepaedveight children may not be able to
run a mile due to health concerns, cannot run dk evanile due to their low fitness, or would
not want to run or walk a mile due to low motivati®uring the current obesity epidemic,
the prevalence of obesity has increased in childrehadolescents. Among children aged 6-
11 years, the obesity rate increased from 6.59916% between 1976-1980 and 2007-2008,
and among children aged 12-19 years, the obeséyimareased from 5.0% to 18.1% during
the same period (Ogden & Carroll, 2010). Thus egtpeations developed in this study may be

appropriate to estimate aerobic fitness in a largaber of children.



Review of Literature

Aerobic fitness is an important component of clailds health. Direct measurement
of aerobic fitness has many limitations in its &ggion; thus, accurate and reliable field-
based aerobic fitness tests are necessary to éstm@bic fitness in children. One of the
recommended tests to estimate aerobic fitnessuthyie the one-mile walk test. The purpose
of this chapter is to review literature on the @&y and reliability of laboratory-based
submaximal and field-based aerobic fitness tests dhapter is divided into six sections: (a)
aerobic fitness; (b) laboratory-based submaximailze fitness tests; (c) field-based aerobic
fitness tests; (d) one-mile walk test; (e) shostatice walk test; and (f) summary.
Aerobic Fitness

Aerobic fitness is the ability of the heart, lungad blood vessels to supply oxygen to
the working muscles and the ability of the musttegse the available oxygen to continue
work or exercise (Baumgartner et al., 2006). Initaatd] the American College of Sports
Medicine(ACSM) stated that “aerobic fitness is relatedh® ability to perform large muscle,
dynamic, moderate-to-vigorous intensity exercisepfolonged periods of time” (American
College of Sports Medicine, 2013, p. 72). Aeroliieess reflects the maximal oxygen
consumption, known as ViQay during maximal exercise, and YQi«is generally expressed
as milliliters of oxygen per kilogram of body mazer minute (ml-kg-min?) (McArdle,
Katch, & Katch, 2010). V@,axcan be determined by measuring expired gas durargmal
exercise using open-circuit spirometry (Baumgarsteal., 2006; McArdle et al., 2010). Gas
and expired air volume are measured for analysoxgfien and carbon dioxide content
through valves attached to a mask, and those athlya@ues go into computerized systems
to determine oxygen consumption (McArdle et al1@0

Several studies examined the relationship betwessb& fitness and health. Low

aerobic fitness is a significant precursor of midggtdor both males and females (Blair, Clark,



Cureton, & Powell, 1989; Blair et al., 1996). Aeiofitness is an important fitness factor for
children as well. Aerobic fitness in children iggaéively associated with abdominal adiposity
(Castro-Pinero, Mora, Gonzalez-Montesinos, Sjosti&@rRuiz, 2009; Gutin, Yin, Humphries,
& Barbeau, 2005; Ortega et al., 2007; Ortega, Ruastillo, & Sjostrom, 2008; Ruiz et al.,
2006), insulin resistance (Castro-Pinero et ab2@utin et al., 2004; Ruiz, Rizzo et al.,
2007), body fatness (Ruiz, Rizzo et al., 2007)pblpressure (Castro-Pinero et al., 2009;
Ruiz, Ortega, Loit, Veidebaum, & Sjostrom, 200%d a&lustering of metabolic risk factors
(Castro-Pinero et al., 2009; Rizzo, Ruiz, HurtigtWief, Ortega, & Sjostrom, 2007; Ruiz,
Ortega, Rizzo et al., 2007). Low aerobic fitnesshiidren is also related to cardiovascular
disease risk factors (Carnethon et al., 2003; Eisem, Wickel, Welk, & Blair, 2005) later in
life. Thus, aerobic fithess should be considered astical fithess factor not only for
children’s present, but also for their future hiedBlair et al., 1989; Dennison, Straus, Mellits,
& Charney, 1988; Rikli, Petray, & Baumgartner, 1R9®ccordingly, accurate aerobic fitness
assessment is important for children to diagnose Lealth status accurately, so that
appropriate and accurate exercise intensity ancghvelcan be prescribed. Once an estimate
of aerobic fitness is known, the result can bewaiald by standards such as the Healthy
Fitness Zone used in FITNESSGRAMouth fitness test, which provide criterion-refezed
standards which were developed relative to a dlingt@f cardiovascular risk factors
(Adegboye et al., 2011; The Cooper Institute, 2010)

Age and gender specific percentiles of aerobiefignfor U.S. children aged 12-18
years were analyzed from NHANES data (1999-200Befttnann, Laurson, & Welk, 2011).
In boys, there is a slight increase and then ditgyeff in estimated V@hax (ml-kg*-min?)
across 12 to 15 years (42 to 46 mitkgin™ for 53" percentile) (Eisenmann et al., 2011). In
girls, on the other hand, there is a slight de@émgstimated V@hax (ml-kg*-min®) from 12

to 18 years old (39 to 37 ml-kgnin*for 50" percentile) (Eisenmann et al., 2011). At every
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age, boys have higher aerobic fitness values thin(Bisenmann et al., 2011).
Laboratory-based Submaximal Aerobic Fitness Tests

Maximal exercise tests are usually administerettesdmills or cycle ergometers
with diverse protocols. However, a maximal teginge-consuming and requires the
participant to exercise to exhaustion, which rezgia high level of motivation from the
participant (Baumgartner et al., 2006). An altekeato measuring V&haxis to estimate
VO2maxWith laboratory-based submaximal tests on treddmil cycle ergometers. These
tests are based on the principle of a linear miahip between heart rate and oxygen
consumption from aerobic exercise. In additiois assumed that V.« is reached at
maximal heart rate. A less fit person will haveighlr heart rate at any submaximal exercise
intensity than someone who is more aerobicall{B#&umgartner et al., 2006). \bRxiS
usually estimated from regression equations tltide variables such as heart rate, age,
gender, and body mass.

McArdle, Katch, Pechar, Jacobson, and Ruck (1922¢kdped the Queens College
3-min step test regression equation to estimatg, . college women aged 18-22 years.
The participants stepped up and down on bleackps $or 3-min following the cadence of
88 beats per min. The predictor variable was thevery heart rate between 5 sec and 15 sec
after the test. The reliability of the recovery heate from step tests w&s= .92. The
multiple R and standard error of estima&HE)of the equation werR = .75 andSEE= 2.90
ml-kg*-min®. Jette, Campbell, Mongeon, and Routhier (1976¢kged the Canadian Home
Fitness Step Test to estimate M@on participants aged 15-74 years. The participants
stepped up and down on double 20 cm steps followisix count step rhythm so that one
count was made at each step, then the tempo ofiykiem increased. This test consisted of
seven and six stages for males and females, résggciwo stages were administered

depending on the participants’ age. The predicamiables were submaximal \@L-min™)
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which is average oxygen cost of the second steést@ge, body mass, post-exercise heart
rate, and age. The standard error of measurer8&g} &nd the multipldR of the equation
wereSBy= 4.08 ml-kg-mir*andR = .91. Jacks, Topp, and Moore (2011) developedm st
test regression equation to estimate,¥Gin children aged 8-12 years using the YMCA
submaximal bench stepping protocol. The particgpategpped up and down on a 12 inch
bench following a cadence of 24 rises per minuke predictor variables were height, resting
heart rate, and heart rate response during theastbral bench stepping test. Y@as
expressed in absolute terms (L-HinThe coefficient of determinatiofR}) wasR>= .71,
indicating that 71% of the variability in actual ¥Qxcan be explained by the predictors in
the regression equation.

Cycle ergometers are one of the laboratory-baskechaximal test protocols.
Siconolfi, Cullinane, Carleton, and Thompson (1982)eloped a cycle ergometer test to
estimate VQnax(L-min™) of participants aged 20-70 years using a modifisttaid-
Ryhming protocol. The predictor variables were¥&timated by the Astrand-Ryhming
nomogram (Astrand & Ryhming, 1954) using the averafgthe last two steady-state heart
rates, the final exercise rate, and age. The neiR@ndSEEof developed equations welRe
= .86 andSEE= 0.36 L-mift for males, andR = .97 andSEE= 0.20 L-mif' for females of
validation group1f = 50). The equations were cross-validated on thesevalidation group
(n=63). The correlatiorr] andSEEbetween measured and estimated,{from two
equations were = .94 andSEE= 0.25 L-mift. Greiwe, Kaminsky, Whaley, and Dwyer
(1995) examined the reliability and validity of Vg« estimated from the ACSM
submaximal cycle ergometer equation on participages 21-54 years. The correlation
coefficient of estimated V£ ax from two test trials an8g, werer = .86 andSE,= 0.40
L-min™. The multipleR andSEEfrom the first test werR = .79 andSEE= 0.49 L-mirt. The

authors concluded that the ACSM protocol failegrovide reliable estimates of iR« and
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tended to overestimate actual & on the participants.

Since cycling and stepping are not an activity@smon as walking or running,
submaximal treadmill walking or running tests mayrbore appropriate for many
participants, especially for children, who are actustomed to cycling or stepping.
According to a survey of 1,400 U.S. exercise testatilities conducted about 30 years ago,
71% used treadmill protocols, whereas only 17% esetk ergometers for estimating
aerobic fitness (Stuart & Ellestad, 1980; Swan&let2001). Treadmill test protocols are
slightly different from each other in terms of geaat rate of increase in speed. Kline, Porcari,
Hintermeister et al. (1987) discussed several stu@@onen, Heyward, Cureton, Boileau, &
Massey, 1979; Hermiston & Faulkner, 1971; Metz &»dnder, 1971) of submaximal
treadmill tests on people aged 7-45 years, but tesjuired measures of expired gas samples
to estimate V@naxand were claimed to have limitations to be usedbin-laboratory settings
(Swank et al., 2001).

Baumgartner et al. (2006) presented two studieNdDo, Jackson, & Mahar, 2000;
Ebbeling, Ward, Puleo, Widrick, & Rippe, 1991) tidatveloped treadmill tests to estimate
aerobic fitness. Ebbeling et al. (1991) developegdle stage 4-minute treadmill walking test
regression equations on participants aged 20-5%y&he predictor variables were speed,
submaximal heart rate, age, and gender. The rangeamdSEEof VOamax (Ml-kg*-min?)
equations were frorR® = .83 to .87 and froB8EE= 4.72 to 5.25 ml-kg min?, respectively.
DiNallo et al. (2000) developed single-stage tredldmalking test regression equations on
men aged 17-70 years and women aged 21-66 yearprétictor variables were age,
percent body fat or body mass index (BMI), selfereed physical activity, and submaximal
VO, estimated from ACSM models. The range of multiRl@ndSEEof VOzmax (Ml-
kg™-mint) equations were from = .84 to .87 and frorBEE= 4.0 to 4.4 ml-kg-min’*,

respectively. Swank et al. (2001) developed regrassquations using a treadmill protocol
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which was modified from the Town and Golding (19¥&jsion on men (aged 30.0 + 1.8
years) and women (aged 31.3 £ 1.6 years), and exeahtine validity of the test. The
predictor variables were percentage of age-predlitiaximum heart rate achieved at stage
three, age-predicted maximum heart rate, speedgau. Thé¥> andSEEof the equation
from all participants wer = .89 andSEE= 4.56 ml-kg"- min®. Nemeth et al. (2009)
developed regression equation to estimate aeribé&s$ using a submaximal treadmill
protocol on 113 overweight children aged 11-14 ge@he predictor variables were gender,
body mass, height, heart rate after 4 minutes wglkn the treadmill (4 min HR), heart rate
difference between 4 min HR and resting heart mid, speed. The? of the equation wal?
=.75.

Though the laboratory-based submaximal aerobiedgriests reviewed above do not
require maximal exertion, they still have seveiraitations with respect to practical
application such as expensive equipment. In thetst, a participant who has balance
problems should be carefully monitored, and théditstlof step test might be low when
participants have excessive fatigue in the limbséfAcan College of Sports Medicine, 2013).
In the cycle test, underestimation of ¥ might be possible when a participant has limiting
localized muscle fatigue (American College of Spdfedicine, 2013), and children might
feel leg fatigue earlier than adults due to legseernce with those activities. Additionally,
both treadmill and cycle tests require expensiberatory equipment, dedicated laboratory
space, trained technicians and much time, andftirerare not useful for testing large
numbers of people (Kline, Porcari, Hintermeistealet1987; McSwegin et al., 1998; Pober
et al., 2002). A limited number of studies haverexed and validated cycle, step, and
submaximal treadmill tests to estimate aerobi@fmfor children.

Field-based Aerobic Fitness Tests

Running, jogging, or walking in some field-basedodéc fithess tests are familiar
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modes of activity to many people. The one-milewaik is a common test included in
several youth fitness test batteries, such as TANESSGRAM, the Australian Fitness
Education Award, and the President’s Challenget(@d&nero et al., 2009; Meredith &
Welk, 2010; The President’s Challenge, n.d.).

Cureton, Sloniger, O’'Bannon, Black, and McCormat®95) developed one-mile
run/walk regression equation to estimate,yQusing participants aged 8-25 years in their
validation group1f = 495). The predictor variables were run/walk tima/walk time
squared, age x gender interaction, and BMI. The#gu had the multipl® = .74 andSEE=
4.99 ml-kg"-minon 258 participants in the cross-validation group.

The norm-referenced and criterion-referenced riiiglof the one-mile run/walk test
was assessed by Rikli et al. (1992) on 1,229 Kadigrchildren. Intra-class reliability
estimates of time for one-mile run/walk for test and re-tdsting the fall season on
children in grades 3 and 4 wdRe> .84, but reliability was lower for the youngereaggrades
1 and 2) (.39 R<.71). The younger children were, the lower tHldity tended to be.

Rikli et al. reported a proportion of classificatiagreementR;) for criterion-referenced
reliability estimates during both the fall and sigriseasons in children aged 8-9 years (.83 <
Pa < .94) and 5-7 years (.45R; < .85) using FITNESSGRARI standards (Cooper Institute
for Aerobics Research, 1987).

The criterion-referenced validity of the FITNESSGRA standards (Cooper Institute
for Aerobics Research, 1987) was examined by Caratal Warren (1990) on 581 children
aged 7-14 years, and 85% of the children were shove correctly classified.

The validity of Cureton et al. (1995) equation stirate VQmaxwas examined by
Castro-Pinero et al. (2009) on 68 healthy and laylsi active children aged 8-17 years. The
correlation between measured and estimateg@om the equation was= .70 andSEE=

3.0 ml-kg"-min™. The validity of Cureton et al. equation in ¥@.estimation was also
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examined by Plowman and Liu (1999) on 94 participaged 18-30 years. The equation had
the multipleR = .82 andSEE= 4.53 ml-kg-min™. They also reported the criterion-referenced
validity coefficient C) of the FITNESSGRANM standards (Cooper Institute for Aerobics
Research, 1992) on the participants. The critemédarenced validity coefficient was= .97,
which means that 97% of the participants were ctisrelassified, and the Phi coefficient
(Phi) wasPhi = .65.

Damitz, Ebbeling, Ward, Freedson, and Rippe (19@4kloped a one-mile run/walk
eqguation to estimate aerobic fitness of 131 childrged 6-13 years. The predictor variables
were gender, body composition, body mass, andime fThe correlation between run time
and measured VQxwasr = -.68. The validity of the regression equation waamined as
well, adjusted?’ = .67, andSEE= 3.96 ml-kg-min™.

The PACER 20-m multistage shuttle run is the recemed test of aerobic fitness in
children for test batteries such as the FITNESSGI@AMahar, Guerieri, Hanna, & Kemble,
2011; Meredith & Welk, 2010), EUROFIT (Council otibpe, 1988; Ruiz et al., 2009), the
President’s Challenge, and the Australian FitnekscBtion Award (Ruiz et al., 2009; Russell,
Isaac, & Wilson, 1989). This test has several athgas as a field-based maximal aerobic
fitness test. First, the test can be administecgld indoors and outdoors in a relatively small
area with a variety of surfaces, such as grassdwantd rubber floors (Ruiz et al., 2009).
Second, the test excludes pacing problems that otlost field tests have, because it
resembles a maximal exercise test. The work loak@ses progressively and running speed
is dictated by a prerecorded cadence (AandstadnéjdBerntsen, & Anderssen, 2011, Liu,
Plowman, & Looney, 1992; Mahar, Welk, Rowe, Crotsylclver, 2006).

Several studies developed regression equatiorstitnae VQmaxfrom the PACER
test, and others examined the validity or reliapitif the developed equations on diverse

participants. Leger, Mercier, Gadoury, and LambE®88) developed regression equation to
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estimate VGQnax0n 188 participants aged 8-19 years. The predietoables were age and
speed. They reported a correlation between measmedstimated V& .xof r =.71 and
SEE= 5.90 ml-kg-miri*. The reliability of VQua estimated from the PACER for children
was R =.89).

Mahar et al. (2006) developed PACER regressiontemsato estimate Vg)axof 135
children aged 12-14 years. Predictor variables W&€ER laps, gender, and body mass or
BMI. The BMI model had the multiplR = .65 andSEE= 6.35 ml-k&-min™. The body mass
model had the multipl& = .65 andSEE= 6.38 ml-kd-min™. Additionally, Mahar et al.
(2006) cross-validated the Leger et al. (1988) 8gnaThey reported a correlation iof .54
between measured and estimated\© andSEE= 6.67 ml-kg-min™.

Ruiz et al. (2008) developed PACER regression égpusito estimate Vghaxon 193
adolescents aged 13-19 years. The predictor vasaiére gender, age, body mass, height,
and last stage number completed. They reportedralaton between measured and
estimated VGnayof r = .96 and SEEof 2.84 ml-kg-min™ on the total sample.

Mahar et al. (2011) developed regression equatmestimate VQyaxof 244
children aged 10-16 years. The predictor variablee PACER laps, PACER laps squared,
gender, BMI, age, and the gender by age interaclibase equations had values for multiple
R that ranged from .66 to .73, aB&Esthat ranged from 6.39 to 6.99 mlikgin® on the
total sample.

Liu et al. (1992) cross-validated the Leger e{E388) equation on 62 students aged
12-15 years. They reported a correlatiom af.72 between measured and estimated ¥
andSEE= 5.27 ml-kg-min™. They also reported an intra-class reliabilityftiogent (ICC) of
R = .93 for number of laps completed.

Ruiz et al. (2009) cross-validated several PACE&a&qns developed by Leger et al.

(1988), Barnett, Chan, and Bruce (1993), Matsusdld. (2004), and Ruiz et al. (2008) on
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48 children aged 13-19 years. They reported cdioel@oefficients of = .59 (Leger et al.),
= .76 (Barnett et al.),= .74 (Matsuzaka et al.), and- .76 (Ruiz et al.) between estimated
and measured V& They also reporteBEEsof 6.50 (Leger et al.), 5.30 (Barnett et al.),
5.50 (Matsuzaka et al.), and 5.30 mi*kgin™ (Ruiz et al.).

Mahar et al. (1997) examined criterion-referen@st-tetest reliability of the PACER
using FITNESSGRAM standards (Cooper Institute for Aerobics Resedr282) on 241
students aged 10-11 years. They repofted .89 and a modified kapp&d) of Kq=.78 on
the total sample.

Though one-mile run/walk and PACER tests genetalye evidence of validity and
reliability, many unfit or overweight children mawpt be able to run or jog to estimate
VOzmaxdue to health concerns. Particularly for youngdreih, motivating them to run or jog
over a one-mile distance may be difficult for resbars, physical education teachers, or
physical activity leaders. Not only for less mota@ children, but also for unhealthy children,
walk tests may be more appropriate than running besause walking presents a low risk of
injury, is less challenging than running, and is thost familiar and usual type of activity.
One-mile Walk Test

Kline, Porcari, Hintermeister et al. (1987) devada one-mile walk test referred to
as the Rockport Fitness Walking Test (RFWT) asltmrative aerobic fitness field test to
estimate VGQnax All participants walked one-mile at least two ¢ If the first two one-mile
walk times of any participant were not within 3@ &4 each other, another one-mile walk
was required until he or she could meet the remere. Participants were instructed to walk
as fast as they can. Testers recorded heart ratg sinute. The average of the last two one-
minute heart rates at the end of the first one-méé test was used to produce regression
equations. Equations were developed using varialels as body mass (Ib), age, gender (0 =

female, 1 = male), time for the first walk testsies (min), and heart rate (b-ritirfrom 82
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males and 92 females aged 30 to 69 years. The,lioreari, Hintermeister et al. equation is
(R=.88,SEE= 5.0 ml-kg"-min™):

VOzmax(ml-kg'-min?) = 132.853 — (0.0769 * body mass in pounds) —§073* age) +

(6.3150 * gender [female = 0, male = 1]) — (3.2648me in min) — (0.1565 * heart rate)

1)

Kline, Porcari, Hintermeister et al. (1987) crosdidated this equation on the cross-
validation group1f = 169). The correlation between measured and astiVQ .« from
Equation lwasr = .88 andSEE= 4.40 ml-kg-min™.

Dolgener et al. (1994) studied 274 college studgrist + 2.7 years) to validate the
RFWT and to develop new equations for college sitedé hey cross-validated the Kline,
Porcari, Hintermeister et al. (1987) equations 9é farticipants and developed new
equations with the same participants. The remaiagarticipants were grouped as a cross-
validation group for new equations. The particigamere administered the one mile walk test
one time. Participants were instructed to walkagsdly as they could while maintaining a
constant pace for a mile. As the participant crdske one-mile finish line, their heart rate
was recorded immediately within 5 seconds. Theetation between measured and estimated
VO,max from Equation 1wasr = .69,SEE= 5.50 ml-kg-min* and Total Error{E)= 13.26
ml-kg*-min. Average measured Vi@ Was 41.2 + 8.09 ml-kgmin' and average estimated
VO,max from Equation 1was 49.6 + 5.84 ml-Kgmin™. Dolgener et al. suggested that the
equation developed by Kline, Porcari, Hintermeisteal. did not provide accurate estimates
of measured V@haxin the college-age population. Dolgener et alntteveloped a new
equation as follows to estimate ¥Qxin 18-29 year old participants from body mass, (Ib)
age, gender, time to walk one-mile, and heart rate.

Dolgener et al. equation without age¥ .70,SEE= 5.39 ml-kg-min™):
VOsmax(ml-kg'-min?) = 88.7688 — (0.0957 * body mass in pounds) +$88* gender
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[female = 0, male = 1]) — (1.4537 * time in Min)©.1194 * heart rate)
2

Equation 2produced a higher correlation=£ .70,SEE= 5.39 ml-kg-min") than did
Equation 1(r = .69,SEE= 5.50 ml-kg-min®) and was slightly more accurate at estimating
VO,maxin the college-aged population. The correlatiotween measured and estimated
VO,max from Equation 2in the cross-validation group was .58, SEE= 2.44 ml-kg"-min*
andTE = 4.38 ml-kg-min™.

Supporting the findings of Dolgener et al. (199@&orge et al. (1998) demonstrated
that the Kline, Porcari, Hintermeister et al. (1pB¢uation loverestimated measured
VO2max 0N 85 participants aged 18-29 years. The averagsuned V@xwas 42.8 + 6.6
ml-kg*-min* and the average estimated 3@ from Equation 1was 47.8 + 5.4 ml-ky
mint. The correlation between measured and estimateg,{Y®asr = .84 andSEE= 3.61
ml-kg"-min™. TE of Equation 1(TE = 6.16 ml-kg"-mini*) on the participants was higher than
SEEof 3.61 ml-kg-min?, indicating a systematic difference between mesasand
estimated VG@yaxfrom Kline, Porcari, Hintermeister et &quation1. On the other hand,
Dolgener et alEquation 2slightly underestimated measured ). The average estimated
VO,max from Equation 2was 41.6 + 5.2 ml-kgmin'. The correlation between the measured
and estimated V@, wasr = .85 andSEE= 3.48 ml-kg"min'. TE (TE = 3.74 ml-kg-min?)
was similar to th&EEof 3.48 ml-kg-min?, indicating no systematic bias of Dolgener et al.
Equation 2 In conclusion, Dolgener et &quation 2was more accurate than Kline, Porcari,
Hintermeister et aEquation 1on 18-29 years old participants in the study bprGe et al.

In the study by George et al., participants wesgrutted to walk at a steady and self-selected
brisk pace rather than the fastest walk possibde paed in the RFWT from the previous two
studies. Because, participants are generally ustmnied to the maximal walk pace, they

may experience leg muscle soreness during the tesilat that a maximal pace (George et
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al., 1998).

Two studies (Greenhalgh et al., 2001; McSwegir.ei898) supported the
appropriateness of the Kline, Porcari, Hintermeisteal. (1987) equation for estimating
VO,maxin young adults. McSwegin et al. (1998) examirtezlalidity of the walk test
equation of Kline, Porcari, Hintermeister et aldddolgener et al. (1994) in 44 high school
students aged 14-18 years and found a high camelbétween measured and estimated
VO2max from both Kline, Porcari, Hintermeister et Bhuation 1(r = .80) and Dolgener et al.
Equation 2(r = .84). Dolgener et aEquation 2had a slightly higher correlation and better
accuracy for VOnax estimation 8EE= 4.50 ml-kgmin?) than the estimation from Kline,
Porcari, Hintermeister et @quation 1(SEE= 4.99 ml-kg-min®), but Dolgener et al.
Equation 2had a higheTE (TE = 7.16 ml-kgmin™) than Kline, Porcari, Hintermeister et al.
Equation 1(TE = 5.17 ml-kg"-mir), indicating a systematic difference between messu
and estimated V&) axfrom Dolgener et aEquation 2 The average measured Mk (45.39
+ 8.26 ml-kg-min’) was underestimated by the Dolgener eEgliation 2(39.88 + 5.87
ml-kg*-min™), and slightly overestimated by the Kline, Porchiintermeister et aEquation
1 (46.91 + 6.38 ml-kgmin™). Thus, although those two equations showed simila
correlations between measured and estimategh@nd similalSEEs the Dolgener et al.
Equation 2was not recommended because of the higiisand the underestimation
compared to Kline, Porcari, Hintermeister ettajuation 1 The reliabilities of VQmax
estimation from both Kline, Porcari, Hintermeisg¢ral. and Dolgener et al. equations were
also examined using 21 participants who compldiecbhe-mile walk twice. BotlCCs of
VO2max €stimation from Kline, Porcari, Hintermeister eteguation 1(R=.91) and
Dolgener et alEquation 2(R = .97) were high. The average heart rate fromitsednd
second sessions were 152 + 25.56 braimd 146 + 22.15 b-mil respectively. ThéCC was

R =.60. The average walk time from the first ancosel sessions were 15.03 + 1.72 minutes
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and 15.17 = 2.24 minutes, respectively. TBE wasR = .67. The criterion-referenced
reliability for both equations was 100%, indicatihat all participants were consistently
classified using FITNESSGRARstandards (Cooper Institute for Aerobics Resedr@8y).
The criterion-referenced validity was examinedtfe Kline, Porcari, Hintermeister et al.
Equation 1 The percentage of participants correctly clasdifvas 91% and the phi
coefficient wagphi = .76. McSwegin et al. concluded that one-milekwabt with Kline,
Porcari, Hintermeister et dquation lis recommended as an aerobic fitness field teb4in
18 year old participants.

Greenhalgh et al. (2001) validated the Kline, Par¢éintermeister et aEquation 1
and Dolgener et aEquation 2in 37 college students aged 18-29 years. Thegdtato
limitations of the one-mile walk test. First, tlest requires approximately 12 minutes to
complete. Others have noted that it takes onlyr8utes of constant intensity exercise to
achieve steady state heart rate (Golding, MeyeiSiniing, 1989; Greenhalgh et al., 2001),
so that shorter tests may be appropriate. Secbadre-mile walk test protocol of Kline,
Porcari, Hintermeister et al. (1987) requires pedplwalk at their maximal walking speed,
which may be uncomfortable and difficult to susti@ina mile for obese or unfit people
(Greenhalgh et al., 200I)hus,participants in the Greenhalgh et al. study wesé&rurcted to
walk using a self-selected fast steady pace Walky reported a relatively accurate
estimation of measured 4« values from Kline, Porcari, Hintermeister et&duation 1
with an average residual of -0.36 mi*kmin® and a correlation af= .84. The average
measured V@naxwas 48.51 + 7.35 mI-I’<]gmin'1 and the average estimated )@ from the
Kline, Porcari, Hintermeister et d&quation 1was 48.15 +5.12 mI-R'gmin‘l. TE for this
equation was similar tSEEvalues TE = 4.12 ml-kg"-min*, SEE= 4.03 ml-kg"-mir?),
indicating no systematic difference between meakanel estimated V.. Estimates using

the Dolgener et aEquation 2 however, underestimated measured,}£with a mean
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residual of -6.83 ml-kgmin* and a correlation af = .85. The average estimated M@

from the Dolgener et aEquation 2was 41.68 + 5.08 ml-Kgmin*. TE was higher than the
SEEvalues TE = 7.93 ml-kg"-min*, SEE= 3.93 ml-kg"-min?), indicating a systematic
difference between measured and estimategh¥OThus, the Kline, Porcari, Hintermeister
et al.Equation 1provided a more accurate estimate of aerobicdgré the participants aged
18-29 years in this study than Dolgener eEgjuation 2

Ward et al. (1987) compared measuredM¥to estimated V@haxfrom five tests:
Astrand-Ryhming cycle ergometer test, YMCA cyclganeter test, 1.5 mile run, one-mile
walk, and Queen’s College step test on 17 overwdaghales (aged 30 + 5 years). The
average measured and estimated¥Xrom Kline, Porcari, Hintermeister et &quation 1
were 32.2 + 4.9 ml-kgmintand 36.1 + 4.9 ml-kymin?, respectively. The correlation
between measured and estimated,¥wasr = .78 andSEE= 3.2 ml-kg-min’. Ward et al.
concluded that the Kline, Porcari, HintermeistealeEquation loverestimated measured
VO,max by 12%, but the one-mile walk test would be anrappate test for overweight
people compared to other tests.

Coleman et al. (1987) examined the validity of ki@e, Porcari, Hintermeister et al.
Equation 1to estimate V@yax0on 90 young adults aged 20-29 years. The averagsurex
and estimated V& .xfrom the Kline, Porcari, Hintermeister et Buation lwere 49.4 £ 5.3
ml-kg*-mintand 49.5 + 5.3 ml-kgmin?, respectively. The correlation between measured
and estimated V@ wasr = .79 andSEE= 5.68 ml-kd-min. Coleman et al. concluded
that there was no significant difference betweeasueed and estimated Y@ from the
Kline, Porcari, Hintermeister et dquation 1

Kline, Porcari, Freedson et al. (1987) categoribedparticipants from the Kline,
Porcari, Hintermeister et al. (1987) study into Jawd, high, and the highest \dQx groups.

Then they studied whether the aerobic fitness tdtethe validity of the one-mile walk test
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equation or not. The correlations between measamdcestimated V& axfrom Kline,
Porcari, Hintermeister et dquation lamong groups were r =.77, .81, .88, and .7 1deror
from the low to the highest ViQaxgroup. TheSEEswere 5.06, 3.78, 2.97, and 3.24 ml-
kg™-min*in order from the low to the highest Vg group. Thus, Kline, Porcari, Freedson
et al. concluded that the Kline, Porcari, Hinterstesi et alEquation loverestimated V&hax
of the low and mid groups by 6.0% and 3.4%, respelgt and underestimated that of the
high and the highest groups by 8.0% and 6.5%, otispéy.

Zwiren, Freedson, Ward, Wilke, and Rippe (1991)naixed the validity of the Kline,
Porcari, Hintermeister et dquation 1on 38 females aged 30-39 years. The average
measured and estimated ¥ from the Kline, Porcari, Hintermeister et Bquation 1were
41.3 + 6.6 ml-kg-min*and 42.8 + 3.9 ml-kgmin’, respectivelyThe correlation between
measured and estimated ¥@wasr = .73 andSEE= 4.57 ml-kg-min™. Zwiren et al.
concluded that the estimated W« from the Kline, Porcari, Hintermeister et Bquation 1
was not significantly different from the measure@.\ax

Fenstermaker, Plowman, and Looney (1992) examielebility and validity of
Kline, Porcari, Hintermeister et dquation 1on 16 female older adults aged over 65 years.
Three walk tests were administered and reliabiis examined. The test-retéSC for all
three VQnaxestimations from the Kline, Porcari, Hintermeistenl. Equation lwasR= .71,
but R= .97 when only the last two trial estimations wanalyzed. First walk and last walk
trials were used for analyzing validity coefficisnthe correlation between measured and
estimated VQ@naxfrom the first walk using Kline, Porcari, Hinterrs&r et alEquation 1was
r = .59, andTE was higher thaSEE(TE = 12.06 ml-kg-min*, SEE =2.65 ml-kg"-min™).
The correlation between measured and estimateghMdfoom the last walk using the Kline,
Porcari, Hintermeister et é&tquation 1wasr = .79, andlE was slightly higher thaBEE(TE

= 4.74 ml-kg-min?, SEE =2.02 ml-kg'-min"). The authors stated that a learning effect
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between first and last walk test occurred.

Dotson, Nieman, and Warren (1992) examined thaniegreffect on the one-mile
walk using one of the Kline, Porcari, Hintermeisténl. (1987) equations with 28 sedentary
older adult women (73.5 £ 0.8 yearBarticipants were divided into two groups to examin
the effect of 5 weeks of brisk walking practicevalking practice group and a control group
without walking practice. In the walking practiceogp, the difference between measured and
estimated VQ@naxfrom the initial one-mile walk test was much higkestimated V@nax=
15.4 + 1.7 ml-kg-min™, measured V&hac= 19.0 + 1.1 ml-kg-min™) than the difference
from the second one-mile walk test after 5 weeklsrisk walking practice (estimated VY&«
=19.4 + 1.6 ml-kg-min*, measured V@ha= 20.5 + 1.2 ml-kg-min). However, the
control group had almost no change between thiedims-mile walk test (estimated ¥Qax=
15.1 + 1.5 ml-kg-min*, measured V@ha= 18.9 + 0.7 ml-kg-min?) and second one-mile
walk test (estimated V&ax= 16.6 + 1.3 ml-kg-min*, measured V&= 19.3 + 0.6 ml-
kgt-min?).

Hageman, Walker, Pullen, and Pellerito (2001) exhitest-retest reliability of
VO2max €stimation using the Kline, Porcari, Hintermeisteal.Equation 1on 31 women
aged 50-69 years. Estimated @ from the equation had a reliability Bf= .96. Reliability
for one-mile walk time and 15-sec recovery hedd veereR = .97 andR = .69, respectively.

The one-mile walk test was also included as amredtere aerobic fithess test in the
Air Force fitness program from 2010 and its validitr Air Force personnel was examined
in several studies (Department of the Air Force,0Fontenot (2001) studied the validity
of the Dolgener et al. equations on 31 female Wn8tates Air Force Academy cadets and
officers aged 18-30 years. The average measureg.)®as 41.83 + 5.65 ml-kgmir*
which was similar to that of the participants frtme study by Dolgener et al. (1994) (41.2 =

8.09 ml-kg"-min™). However, the Dolgener et &quation 2overestimated the measured
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VO,max Of the Air Force personnel in the study by 37.&%tinated VQna= 57.66 + 4.95
ml-kg*-min®). Weiglein (2011) examinedhlidity of one-mile walk test on 24 active dutyrAi
Force males aged 18-44 years. The average meaéOad, was 50.3 + 1.4 ml-ky

min. Estimated VGmax usingthe Kline, Porcari, Hintermeister et &quation 1was 49.2 +
1.1 ml-kg™-min*. The correlation between measured and estimategh)®as high ( = .82).
The authors concluded that the one-mile walk @sV,n.x estimation using the Kline,
Porcari, Hintermeister et dquation 1provided valid estimates of \lRaxin active duty Air
Force males.

The maximum-paced walk protocol of the one-milelntakt of Kline, Porcari,
Hintermeister et al. (1987) can be replaced byadst-paced walk protocol to estimate
VO,maxfrom either quarter-mile or one-mile results, sasheart rate and time (Byars,
Greenwood, Greenwood, & Simpson, 2003; George 1298). In addition, Byars et al.
(2003) introduced the theoretical assumption thegérdless of the walking pace, as long as
it is consistent, the resulting prediction of M@ would not be affected as long as the pace is
within the linear proportion of the heart rate @, relationship” (p. 22), which was also
stated by Dolgener et al. (1994) and Fontenot (R0®heart rate of at least 110 b-fiis
recommended before assuming that heart rate andak&inearly related (Fontenot, 2001,
Golding et al., 1989).

Byars et al. (2003) examined the difference imested VQnaxbetween a steady-state
normal walking technique for “everyday walking stylith elbows extended” (p. 22) and a
steady-state aerobic walking technique “with thmels bent at ninety degrees” (p. 22) on 61
college students aged 18-39 years. The order settwo walk tests with different techniques
was counterbalanced. All participants were insedd¢b walk at a self-selected brisk constant
pace. Steady-state walking was monitored by hatatand accepted if two heart rates for the

last two laps were within five beats. Estimated,Qwas calculated from the Dolgener et al.
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equation with age as a predictor for participamden 30 years and from the Kline, Porcari,
Hintermeister et al. equations for those ag&f years. The average pre- and post-walk
times were 16.16 = 1.02 minutes and 15.69 + 1.#%utas, respectively. The average pre-
and post-walk heart rates were 140.79 + 21.05 4649 + 22.39 b-mih respectively.
Additionally, the average pre- and post-walk )&} estimations were 36.89 + 5.56 and 37.16
+ 5.72 ml-kg-min?, respectively, which were not significantly diféett. The intra-class test-
retest reliability of VQnax estimation waf = .96. In conclusion, there were no practical
VO2max €stimation differences between the two differeatking techniques (Byars et al.,
2003).

Short Distance Walk Test

Although RFWT is a convenient and less physicaligssful test in comparison with
other field-based aerobic fitness tests such asrikemile run/walk, the test still has several
limitations. Limitations of the RFWT include thequarement of a long time to walk for one-
mile and of maximal paced-walking (Greenhalgh gtZ6101). Additionally, it can be
difficult to complete a one-mile walk at a maxinpaice with obese or overweight children
who cannot or should not walk a long distance ocfaldren with low motivation
(Greenhalgh et al., 2001).

George et al. (1998) examined the accuracy of¥@stimatiorfrom split quarter-
mile walk data using a modified RFWT. In the maelifiRFWT in their study, a fast steady
walking pace was required instead of a maximal inglace. Additionally, walk time for
the quarter-mile was multiplied by four, and thkea value was entered into Dolgener et al.
Equation 2for VO,nax €stimation. Average walk time for the split quasrrt@le was 3.53 +
0.27 minutes (14.12 £ 1.07 after it was multipl®d4) and walk time for one-mile was
14.34 + 1.05 minutes. Average heart rate for thie gparter-mile was 127.4 + 16.2 b-rifin

and for one-mile was 131.5+ 17.6 b-H1irA\verage VOnmax estimation from the Kline,
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Porcari, Hintermeister et é&tquation 1using split quarter-mile data was 49.2 + 5.3 ml-
kg™-min* and using data for one-mile was 47.8 + 5.4 mi-kgni'. Lastly, average V&hax
estimation from the Dolgener et &lquation 2using split quarter-mile data was 42.4 + 5.1
ml-kg*-miriand that for one-mile was 41.6 + 5.2 mi*kmini*. Walk times, heart rates, and
VO,max €Stimations from those two regression equatioffierdd significantly between the
split quarter and one-mile data. The correlatiamvben measured and estimated,¥Q
from the Kline, Porcari, Hintermeister et Bquation 1lusing split quarter-mile data was
= .81 ¢ = .84 using one-mile date3EE= 3.94 ml-kg-min* (3.61 ml-kg"min* using one-
mile data) and’E = 7.5 ml-kg"-min* (6.16 ml-kg"-min' using one-mile data). The
correlation between measured and estimategh®@om the Dolgener et aEquation 2
using split quarter-mile data was.83 ¢ = .85 using one-mile daté§EE= 3.67 ml-
kg™-min (3.48 ml-kg"-min™ using one-mile data) arkE = 3.73 ml-kg-min* (3.74 ml-
kg™-min™ using one-mile data). From the results above, Geet al. stated that the quarter-
mile walk test was acceptable if the data fromgharter-mile walk test was entered into the
Dolgener et alEquation 2 George et al. pointed out the importance of kegpi steady pace
during the walk test and of achieving a steadyedteart rate at least at 110 b-th{Golding
et al., 1989). George et al. also examined avdeggémes at each quarter-mile lap, and
found the first quarter-mile lap was faster thaardst of three quarter-mile laps though heart
rates increased by about 5 b-hirom the first quarter-mile lap to the last quateite lap.
However, VQnax estimations from the Dolgener et Bfjuation 2using split quarter-mile
and one-mile data were not practically differeotireach other (George et al., 1998).
Greenhalgh et al. (2001) examined the accuracy®f estimations from both the
Kline, Porcari, Hintermeister et d&quation 1land the Dolgener et d&quation 2 to which
actual quarter-mile walk data were entered instéagplit quarter-mile walk data as George

et al. (1998) did. Time to actual quarter-mile wadks multiplied by 4 to be entered into the
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both equations. Average time for the quarter-miges\8.57 = 0.25 minutes (14.3 £ 1.1
minutes after it was multiplied by 4) and averageetfor one-mile was 14.6 + 1.3 minutes.
There was no significant difference between tinreafdual quarter-mile walk time (3.57 =
0.25 minutes) and split quarter-mile walk time frém one-mile walk test (3.6 + 0.31
minutes). Average heart rate for the quarter-mies 422.3 + 15.8 b-ninand average heart
rate for the one-mile was 128.5 + 18.1 b-thifihere was no significant difference between
actual quarter-mile walk heart rate (122.3 + 1518ik?) and quarter-mile heart rate during
one-mile walk test (122.3 + 14.6 b-n)nAverage estimated Vg between quarter-mile
data (50.1 + 4.4 ml-kgmin) and one-mile data (48.2 + 5.1 mi*kmin®) using the Kline,
Porcari, Hintermeister et dquation 1were significantly different from each other. In
addition, average estimated Y&y between quarter-mile data (42.8 + 4.7 mif-kgir!) and
one-mile data (41.7 + 5.1 ml-kgnin“) using the Dolgener et &quation 2were
significantly different from each other as well.

McConnell (2001) examined validity of quarter, halhd one-mile walk tests to
estimate measured (@i using a self-selected brisk steady state walkaxgepn 32 college
females aged 19-26 years. Participants performedularter, half, and one-mile walk tests
randomly on separate days. Walk times for the quard half-mile were multiplied by 4 and
2, respectively, to be entered in the Kline, Parddintermeister et al. gender-specific
equation to estimate V.. Average measured Vi, was 37.6 + 4.8 ml-kgmin™.

Average estimated V£« from quarter, half, and one-mile walk tests usimgKline,

Porcari, Hintermeister et al. gender-specific eiguatvere 45.0 + 3.1, 43.7 + 3.2, and 42.6
3.5 ml-kg"-min*, respectively. V@naxestimation from the one-mile walk test .68, SEE=
3.58 ml-kg"-min"), and quarter-mile walk tests ¥ .67,SEE= 3.59 ml-kg-min™) produced
the most accurate estimates. The half-mile walkgesduced the least accurate estimate (

= .59,SEE= 3.92 ml-kg-min™). In addition, McConell studied whether the papémnts
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maintained a steady pace or not during each tesiel one-mile walk test, the average first
quarter-mile walk time (3.5 minutes) was signifitgrfiaster than the next two quarter-mile
walk times (3.54 and 3.57 minutes, respectivelythke half-mile walk test, average walk
times across four segments of a half-mile wereisegmtly different from each other, and
the first segment average time (1.68 minutes) wasfiantly faster than the others. In the
guarter-mile walk test, average walk times across $egments of a quarter-mile were
significantly different from each other and thesfisegment average time (0.83 minutes) was
significantly faster than the others.
Summary

Greenhalgh et al. (2001) suggested that accura¥¢®im.x estimation varied
depending on the sample tested. Kline, Porcaritddineister et al. equations were developed
across a broad age range (30-69 years) of relafiv@ldults. Dolgener et al. (1994) used a
younger, less fit sample of young adults with aerage age of 19.1 + 2.8 years. Three
groups of researchers (Greenhalgh et al., 2001 wWdg et al., 1998; Weiglein et al., 2011)
supported the accuracy of the Kline, Porcari, Hmtgster et al. equations on younger
adolescents and highly fit populations in theidgts (average values of measured,¥£2
were 48.1 + 7.4 ml-kmin?, 45.4 + 8.3 ml-kg-min?, and50.3+1.4 ml-kg-min?,
respectively), while George et al. (1998), whoselifigs supported the accuracy of the
Dolgener et al. equations, used a younger bufilesample (average measured M=
42.8 + 6.6 ml-kg-min™). The differences in estimated values might liéhim tendency of the
Kline, Porcari, Hintermeister et al. equations streate VQmaxmore accurately in young,
highly fit populations, and of the Dolgener eteduations to be more accurate in in young,
less fit populations (Greenhalgh et al., 2001). thx reason, Greenhalgh et al. suggested that
developed equations should be applied on the ptpuotafor which they were developed, as

the validity may decrease when a prediction equnasaised with a new sample, a tendency
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called shrinkage (Thomas, Nelson, & Silverman, 20Atthough the Kline, Porcari,
Hintermeister et al. equations yielded the mosirdele results in some studies, the Dolgener
et al. equations provided more accurate estimdt€®©enaxin a less fit samples. Additionally,
different types of distance walk tests should bengixed. Moreover, no walk test studies
have been conducted on children younger than 14 ygage, so validity and reliability of

walk tests for younger children should be examined.

28



Methods
Participants
Thirty boys and 31 girlsN = 61) aged 10 to 13 years were recruited from t&t E
Carolina University listserve, by flyers sent tteafschool programs, the home school
organization, pediatricians at East Carolina Ursitgy and Pitt County schools, and also by
an advertisement in the local newspaper. As mopd@taentive, participants received $20
cash or gift card, and a parent of participanteik@zl $5 to compensate them for transporting
their child to the research site.
The study was approved by the Institutional Revisaard of East Carolina University
(see Appendix A). Written informed consent was ofgd from the participant’s parent or
guardian and assent was obtained from the pamitigaery participant was screened for
cardiovascular and orthopedic contraindicationthéoone-mile walk and maximal treadmill
test with the Physical Activity Readiness Questairen(see Appendix B) (American College
of Sports Medicine, 2013). No participants had mintlications, and none were taking
medication which could influence the heart rat@poese during exercise.
Procedures & Measurements
Summary of Procedures. Testing took place in two sessions. During thd Bession,
informed consent and assent were obtained. Iniaddjghysical activity from self-report
guestionnaires, resting heart rate, height, bodssmand percent body fat from both skinfolds
and BODPOD were assessed. After body compositisesament, participants completed a
one-mile walk test. The second one-mile walk tes$ wdministered during the second
session. At least, one week was required betweefirft and second sessions. A maximal
treadmill test was completed either during the firssecond session following adequate rest
after the one-mile walk. Self-report questionnainese administered at both sessions to

allow an estimate of test-retest reliability. Rapants were asked to drink plenty of fluids



over the 24-hour period preceding the test to ensarmal hydration prior to the testing, to
avoid food and caffeine for at least 2 hours befesting, and to avoid significant exertion or
exercise on the day of the test (American Colldggports Medicine, 2013).

Physical Activity Questionnaires. Questionnaires used were the 30-Day Physical
Activity Recall (30-Day PAR), Youth Risk Behaviousey (YRBS), Physical Activity
Readiness Questionnaire (PAR-Q) (Centers for Des€amitrol and Prevention, 2005), and
Physical Activity Questionnaire for Older ChildréPAQ-C) (see Appendices C, D, E, and F).

Resting Heart Rate. Resting heart rate was measured with a Polar regarmonitor
(Polar Electro Incorporation, Woodbury, NY) at firet session. Resting heart rate was
recorded after 5 minutes of sitting quietly. A sedwoesting heart rate was recorded after one
additional minute in the same position. An averagéhe two heart rates was used as resting
heart rate.

Height. Height was measured with a stand-alone stadiortetee nearest 0.1 cm
(SECA Incorporation, Hanover, MD). Participants etanding straight up with heels
together without shoes, took a deep breath andih@erican College of Sports Medicine,
2013).

Body Mass. Body mass was measured on an electronic-scale MEDS Concord, CA)
to the nearest 0.1 kg during the BODPOD procedure.

Skinfolds. Skinfolds were measured three times at the triogpise right arm and calf
site of the right leg with Lange calipers (CambegdlyID) following FITNESSGRAM
guidelines (Meredith & Welk, 2010), and percentyp&at was estimated from skinfolds with
the equations of Slaughter et al. (1988) as shaimb

Boys: Percent Body Fat = 0.735 (triceps + calf) + 1.0

Girls: Percent Body Fat = 0.610 (triceps + calf) + 5.1

The triceps skinfold was measured on the backefitiht arm over the triceps muscle,
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midway between the elbow and the acromion prockseccapula (Meredith & Welk,
2010). The calf skinfold was measured on the inefdée right leg at the level of maximal
calf girth. The right foot was placed flat on a hwith the knee flexed at a 90° angle. The
median values of three measurements were usedtforating percent body fat.

BODPOD Test. Before starting the BODPOD test process, partiggpahanged their
clothing to a swim suit or compression shorts witts wearing a sports bra. Participants also
wore a bathing cap and took off jewelry, eyeglassieses, and socks to minimize
extracorporeal air volumes. Then participants viestructed about the BODPOD test
procedures.

Before the BODPOD test, the system was warmed-dgcalibrated. Then the
participant’s information, such as date of birtender, height, and ethnicity, were entered
into the computer software. The Lohman (1986) dgmsbdel equation is recommended for
the participants of this study in the BODPOD sofeyand it was used for all participants to
estimate their percent body fat. Thoracic gas vel{ifGV) was measured for all participants,
and if one failed three times on the TGV measurdmeotedure, his or her TGV was
estimated by the BODPOD software. During the mesasent process, volume calibration
was administered after the filter and breathingetwiere installed. Body mass was measured
on the BODPOD weighing scale (COSMED, Concord, @Ad then the participants were
seated in the BODPOD chamber to measure their boldyne. The volume measurement
was administered twice. If the first two measuresennconsistent, a third volume
measurement was performed, and the average volfithe two best estimates was used.
Then the participants followed the TGV measurenpeotedure on the screen to measure
their TGV.

One-mile Walk Test. The one-mile walk was performed indoors on a messoourse.

Since one lap of the course is 730 feet, particgpaualked for seven laps and 170 feet. The
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one-mile walk test was administered twice on sdpatays at least one week apart. The
participants wore a heart rate monitor (Polar Etetricorporation, Woodbury, NY), and the
tester wore the receiver watch of the heart rateitmoon his right wrist. The tester used a
stopwatch to time the walk. Participants were tegtdividually to eliminate heart rate
receiver interruption from multiple participantsfBre the test, participants were asked to
walk with a slow, medium, and fast pace, and teteteasked ‘which pace do you think you
can keep constant for the one-mile, which is akeuen and a half laps?’ Additionally,
participants were asked to consider the test apettion with other children and do their
best while walking one-mile. Then participants wiexgructed to walk at the chosen pace for
the entire distance. The tester walked behind arldet left side of the participant until the
one-mile distance was completed. Verbal encouragetoecomplete the one-mile distance
was provided. The tester pushed the start andbsttipn of the stop watch when a participant
started and completed the walk. During the one-méék, the times and heart rates at a
guarter-mile, a half-mile, and one-mile walk disteas were recorded by the tester.

Maximal Treadmill Test Procedures for the maximal treadmill test were lsimd
those used by Mahar et al. (2011). Participant®weministered a graded exercise test to
volitional exhaustion on a Trackmaster (model TME&2 treadmill to measure VWax
Participants who had not used treadmill beforetpad until they were comfortable with the
treadmill. Then the maximal treadmill test was auistered.

Treadmill speed was set at 2.5 mph for the firstutd and increased by 0.5 mph each
minute until 5.0 mph was reached. Treadmill grads wmaintained at 0% until 5.0 mph was
reached. If a participant did not achieve a maxieff@rt before 5.0 mph, speed was
maintained, and grade was increased by 3% eacherumdl the participant was no longer
able to continue.

A modified treadmill protocol was developed andduB® six unfit children. If a
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participant’s BMI was over 30 kg or if the participant took more than 20 minutes to
complete the one-mile walk test, then the followanmgcedure was followed. The participant
was asked to run on the treadmill at 5 mph for aBOuseconds before the maximal treadmill
test. Then the participant was asked “Can you tuhisspeed for few minutes more until
you cannot go any further?” If the participant @sged that he or she might not be able to
run at that speed, the modified treadmill protagas administered. For the modified
protocol, treadmill speed was set at 2.0 mph ferftist minute and increased by 0.5 mph
each minute until 4.0 mph was reached. Treadmallgrwvas maintained at 0% until 4.0 mph
was reached. If a participant did not achieve aimalkeffort before 4.0 mph was reached,
speed was maintained, and grade was increased ®a2&minute until the participant was
no longer able to continue.

During the maximal treadmill test, \V®@f participants was measured using a
COSMED K48 portable metabolic system. The children’s OMNIis# perceived exertion
(Utter, Robertson, Nieman, & Kang, 2002) was assesach minute (see Appendix G). Prior
to testing, the system was calibrated using knoenitentration sample gases. M@ was
accepted as a maximal index if two of the followthgee conditions were satisfiderst, the
participant showed signs of intense effort suchygerpnea, facial flushing and grimacing,
unsteady gait, and sweating (Mahar et al., 201WI&ud, 1993). Second, maximal heart rate
reached a value of at least 90% of age-predictedmad heart rate (220-age) (Mahar et al.,
2011; Rowland, 1993). Third, respiratory excharag®r(RER) was greater than or equal to
1.0 (Armstrong & Welsman, 1994; Mahar et al., 20Rtwland, 1993). Heart rate was
monitored during the maximal treadmill test witRalar heart rate monitor (Polar Electro
Incorporation, Woodbury, NY). The average of th& B0 seconds of the test was used to
analyze VQnax Verbal encouragement was provided to participdatiang the test. Most

participants did not grip the hand rail, but sorhéhem who had unbalanced gait on the
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treadmill were allowed to grip just one hand rail & few minutes, and after they got used to
the speed and grade, they were encouraged to libtHeohand rail.
Statistical Analysis
Descriptive Analysis. Descriptive statistics for age, height, body m&dd|, BMI
percentile, BMI z-score, percent body fat from bBtbDPOD and skinfolds, and physical
activity level by 30-Day PAR were calculated. Irddibn, times to finish a quarter mile, a
half mile, and one mile and associated heart etdsspeed of walking were described.
Lastly, both measured and estimated,2 maximal heart rate, maximal respiratory
exchange ratio, and resting heart rate were destrib
Norm-referenced Test-retest Reliability. Reliabilities for the following variables

were estimated with an intraclass correlation usimge-way model (Baumgartner, Jackson,
Mahar, & Rowe, 2007): 30-Day PAR, quarter-mile waitke, half-mile walk time, one-mile
walk time, heart rates associated with these walkd, and estimated \b@u. Paired
samples t-tests were calculated to compare difte®between the first and second sessions
for these variables. Effect sizZE§ was calculated using Cohen’s delta as shown below
ES = (Mean of T session — Mean of%session) / (Mean of standard deviations Haad 2
sessions)

Bivariate Correlations. Bivariate correlation was used to examine correfeti
between measured \{xand predictor variables such as body mass, gewad time,
heart rate, and 30-Day PAR.

Multiple Regression. Data from the first walk test were used to develep equations.
The initial predictor variables that were examitedevelop new regression equations were
body mass, gender, BMI, percent body fat from BODR® skinfolds, self-reported physical
activity from four questionnaires, time to walk @agter mile, time to walk a half mile, time

to walk one mile, and associated heart rates. Boalys, gender, quarter-mile walk time,
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quarter-mile walk heart rate, and 30-Day PAR weseduas final predictors because they
were stronger predictors of measuredQthan the other variables. The 30-Day PAR was
selected over the other self-report instrumentabee it had acceptable test-retest reliability
(R«x = .85 for two trialsR«= .74 for one trial), a higher correlation with rsaeed VQmax (r

= .53) than the other self-report instruments, wad easy to administer and complete. The
equations developed from the quarter-mile walk gat&ided slightly more accurate
estimates of V@nax than data from the other distances walked. Intamfgithe quarter-mile
walk distance is more practical to administer amsier to complete than the longer distances.
Thus, the current results focus more on the quartker walk data than on data from the other
distances.

Multiple regression was used to estimate measu@g]y(ml-kg'l-min'l) from body
mass, gender, time to complete a quarter-milelfantife, and a one-mile walk and
associated heart rates, and the 30-Day PAR. Thables of body mass, heart rate, and 30-
Day PAR were excluded from or added to other végmto examine whether that variable
contributed significantly to the prediction of maesd VQax

Separate equations were developed for each distesteel at each session. The
equations developed from all participants wereskadidated with the PRESS-related
statistic (Holiday, Ballard, & Mckeown, 1995). Daifall participants can be used by using
the PRESS-related statistic which avoids the dalittisg problem from the conventional
cross-validation process (Holiday et al., 1995)lidty et al. (1995) stated that the PRESS-
related statistic could provide similar unbiasetihestes of the future prediction accuracy of
the equation developed in the current study. Ihgtatistical technique, the PRESS residual
is the difference between the actual responsepaftecular case and the predicted response
for that case which was estimated by a model deeelérom other cases without that

particular case (Holiday et al., 1995). Thus, prgdn accuracy of newly developed
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equations could be examined by producing PRE?E{B,JZ) and PRESSEE(SEE,) from
cross-validation on all of the daf,”was calculated a&,*= 1 — [Sum of Squares of PRESS
residual / Sum of Squares (totaljEE, was calculated aSEE = VSum of Squares of
PRESS residualr.

Prediction error was assessed with two equationsoss-validate the previously
published regression equations of Kline, Porcainitétmeister et al. (Kline, Porcari,
Hintermeister et al., 1987), and Dolgener et abl@@ner et al., 1994The standard error of
estimate 8EB was calculated aSEE= S,V1 - Reyy-. The cross-validatioSEE(referred to
as total error TE]) was calculated aFE =V (Y - Y') %N. Y is measured Vg .and Y is
VO2max €stimated from the equations. Comparison of th@eeerror estimates can be used to
guantify the overestimation or underestimation efsured V@nax

Criterion-referenced Validity. Values of measured and estimated,yQfrom the
previously published equations and from the equal®veloped in the current study were
categorized into two categories (Healthy FitnesseZjé¢iFZ] and Needs Improvement Zone
[NIZ]) using FITNESSGRAM standards (Meredith & Welk, 2010). From these ys&,
the validity coefficientC (proportion of correct classification decisiore)d thephi

coefficient statistics were calculated.
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Results

Sixty-five participants were originally recruitefBour participants were excluded from
the data pool due to an inability to complete #stihg protocol. Two of the excluded
participants had attention deficit hyperactivitgalider (one participant ceased participation
before the walk test at the first session and @wgqggpant’s pacing during the walk test
fluctuated randomly such that heart rate was utetatne participant had narcolepsy, and
one participant reported discomfort from heart rataitor.

Among 61 participants, time between the two tessiems was 10 days for half of
the participantss 20 days for 40% of participants, and more thand&@s for the remainder
of participants. Two participants did not reach ¢h&eria for maximal exertion during the
maximal treadmill test, and one participant did meztch at least 110 b-rifinwhich was the
minimum criteria for heart rate during the walkttasthe first session (Fontenot, 2001,
Golding et al., 1989). Thus, the remainder of pgéints ( = 58) were used for developing
the quarter-mile walk regression equations. Moreawee participant could finish only a
quarter-mile distance walk. That participant’s datge included when developing models
for the quarter-mile distance, but were excludedifeveloping models for the longer
distances.

Participant Characteristics

Participant characteristics are described in Tabkmong participants, about 70%
were white, 20% were black, and the rest were Adiigpanic, or categorized as other.
Measured and estimated YQxof boys were significantly higher than that oflgifp < .05),
and maximal heart rate of boys was significantlydo than that of girlspg(= .03). Based on
BMI percentile, 16% of participants were obese (BMI5" percentile), 8% were overweight
(85" percentile< BMI < 94" percentile), 5% were underweight (BMK" percentile), and

the rest (71%) were healthy weight'(Bercentile< BMI < 84" percentile). Based on



measured V@hay, 69% of participants were categorized as fit usileglthy Fitness Zone cut

points of the FITNESSGRARI

Table 1
Participant Characteristics (M: SD)
Variable Boysfi=30) Girls 0=31) CombinedN = 61)

Age (years) 11.4+£1.2 11.8+1.1 116+1.1
Height (cm) 151.4+9.1 151.4 +8.8 151.4 +8.8
Body Mass (kg) 441 +13.1 51.5+21.8 47.9+18.3
BMI (kg/m?) 18.9 + 3. 22.3+9. 20.6 + 7.
BMI percentile 51.5+ 33.4 59.4+ 29.¢ 55.5+ 31t
BMI z-score 0.1+1.2 0.5+1.2 0.3+1.2
Body Fat (%)

BODPOD 21.2+95 252+11.4 23.2+10.6

Skinfolds 26.6 £ 13.2 32.6+14.1 29.7 £13.9
30-Day PAR

1* session 43+2.0 46+2.3 45+211

2 session 46+1.9 4.6+2.2 46+20
Measured VG@nax(ml-kg'-min?)  46.1+7.7 39.4 +10.9* 42.7 +10.0
EstimatecVOomax(ml-kg - min')  45.9+ 5.7 39.2+ 10.¢* 42.6+9.1
Maximal heart rate (b-m™) 196.8 + 6.! 201.3+£9.* 199.1 £ 8.
Maximal REF 1.15+ 0.1 1.15+0.1. 1.15+0.1:
Resting heart rate (b-nith 85.4+9.1 84.9+129 85.2+11.1

Note Percent body fat was estimated from triceps affds&infolds using equations of
Slaughter et al. (1988); 30-Day PAR, 30-Day Physiddivity Recall; Estimated V@nax
was estimated by quarter-mile Model 1 usifigséssion data; RER, respiratory exchange
ratio; * p < .05, mean for girls is significantly differembfn mean for boys

Results of walk tests for both sessions are destiito Table 2. Values for boys and
girls did not differ significantly§ > .05). However, time to walk a quarter mile, & hale,
and one mile was slightly faster for boys thandiols. For the first session for the quarter-
mile walk, the mean difference was 9 seconds. tit&a, the associated heart rates of boys
were slightly lower than that of girls for both sems. Average walking speed ranged from

3.72 to 3.95 mph for the first session and fron53dB4.09 mph for the second session.
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Table 2
Mean (x SD) Heart Rates, Time, and Speed for Watksl

Variable Boysii =30) Girls 0=29) CombinedN = 59)
1% session
Walk Time %-mile (min) 3.78 £0.35 3.93+£0.60 3.86 £0.49
Walk Time %2-mile (min) 7.77+0.73 7.97 £1.06 7.87 £0.90
Walk Time 1-mile (min) 15.87+1.69 16.23+2.31 16.05 £ 2.01
HR Y4-mile (b-mif) 140 £ 20 148 + 18 144 + 19
HR Y%-mile (b-mit) 141 £ 21 147 £ 17 144 £ 19
HR 1-mile (b-miff) 144 + 24 149 + 19 146 + 22
Speeitfirst ¥z-mile (mph; 4.00+ 0.3¢ 3.91+0.4¢ 3.95+ 0.42
Speed”/ato ¥2 mile (mph’ 3.8(+0.37 3.7(+0.51 3.75+ 0.44
Speec2to 1 mile (mph] 3.7¢+ 0.45 3.6& + 0.54 3.72+ 0.5C
2" session

Walk Time ¥%-mile (min) 3.68 £ 0.49 3.85+0.66 3.77 £0.59
Walk Time %2-mile (min) 754+£096 7.74+111 7.64+1.03
Walk Time 1-mile (min) 15.29+1.79 15.83+2.22 15.56 + 2.02
HR Yz-mile (b-mii) 143 + 20 148 £ 18 145 £ 19
HR Y-mile (b-mif) 144 + 19 148 £ 19 146 £ 19
HR 1-mile (b-mif) 144 + 20 148 £ 20 146 + 20
Speeifirst ¥-mile (mph’ 4.14+ 0.4¢ 4.04+ 0.5 4.09+ 0.51
Spee¥2to %2 mile (mph’ 3.94+ 0.4¢ 3.8€+0.52 3.90+ 0.4¢
Speec’2to 1 mile (mph’ 3.92+ 0.4z 3.76+£ 0.5C 3.85+ 0.4¢

Note HR, heart rate; Speed first Ya-mile, speed betvetam and quarter-mile; Speed % to %2
mile, speed between quarter-mile and half-mile;egigeé to 1 mile, speed between half-mile
and one-mile

Walk Time and Heart Rate Comparison

The difference between first and second sessiorthéo30-Day PAR, walk time, and
heart rates were compared and reliability was edéchas shown in Table ECsranged
from .88 to .90 for the walk time and from .82 &4 for the heart rates. Average time for all
distances at the™lsession were significantly higher than that of 2¥esession({ < .05),

whereas effect size was sma&iS< 0.25).

39



Table 3
Comparison of Time and Heart Rate betwe®arid 7¢ Sessions

Variable 1% sessio 2"° sessio ICC P ES

30-Day PAR 446 +21.1 4.59 + 2.0. .8t A4S 0.0¢
Walk Time ¥-mile (min) 3.86 £ 0.4 3.77 £ 0.5 .9C .0¢ 0.17
Walk Time Y2-mile (min) 7.87 £0.90 764+103 8.8 .01 0.24
Walk Time 1-mile (min)  16.05 +2.01 1556 +2.02 0.9 .00 0.25

HR Ya-mile (b-mif) 144 +19 145+ 19 .82 13 0.10
HR Y2-mile (b-mif) 144 +19 146 + 19 .84 A7 0.14
HR 1-mile (b-mif) 146 + 22 146 + 20 .84 .78 0.03

Note M + SD; ICC, intra-class correlation coefficient (one way mQgdEES, effect size; HR,
heart rate

Heart rates at different distances for both thet ind second sessions were compared
to each other, as shown in Figures 1 and 2. There wno statistically significant differences
among any of comparisons for either session. Hatatwas similar at the quarter-mile, half-
mile, and one-mile distance, indicating that pgytats were able to maintain a steady

walking pace.
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Figure 1 Comparison of heart rates at different distance¢¥session
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Figure 2 Comparison of heart rates at different distancegfbsession
I nter-correlations of Predictor Variables

Correlations between measured M@and predictor variables are presented in Table
4. Body mass had the highest correlation with measVGymax (I = -.84). Quarter-mile walk
time ( = -.67) and 30-Day PAR € .54) were also relatively highly correlated with

measured V@hax All predictor variables were significantly coragédd with measured \iQax

(p<.05).
Table 4
Zero-Order Correlations between Measured,¥Qand Predictor Variables
Variable Total samplen = 5§)
Body Mass (It -.84*
Gender (0 = girl, 1 = bo .34*
Y-mile Walk Time (min’ -.67*
Heart Rate (b-mih -27*
30-Day PAR 54*

Note 30-Day PAR, 30-Day Physical Activity Recall; “tenWalk Time and Heart Rate for
quarter-mile walk at*1session were usedpx .05

New Regression Equations
Regression coefficients to estimate measureg,¥®ml-kg*-min?) for the quarter-

mile walk test at the first session are descrilmefiables 5 and 6. Eight models were
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developed based on variables such as body mastergevalk time, heart rate, and 30-Day
PAR.

Regression equations from Models 1 to 4 were deeelaising body mass, gender,
walk time, heart rate, and 30-Day PAR as predictlipredictor variables were entered in
Model 1. In Model 1, all variables except for haate were significant predictors of
measured V@na. The multipleR andSEEfor Model 1 were .92 and 4.06 ml-kenin*,
respectively. Th&®,” andSEE, for Model 1 were .79 and 4.52 ml-kgniri*, respectively.
Model 2 excluded heart rate as a predictor. For@ll@dtheSEEwas similar to th&EEfor
Model 1, and all variables in Model 2 were sigrafit predictors of measured Y&« In
Model 2, theR,” of .81 and th&EE, of 4.39 ml-kg-min*indicated that Model 2 was slightly
more accurate than Model 1. Model 3 excluded 30-BAR as a predictor. For Model 3, all
variables except for heart rate were significaetprtors of measured V.« Model 4
excluded both heart rate and 30-Day PAR. For Mddall variables were significant
predictors of measured i Model 3 and 4 showed similar accuracy, but wess |

accurate than Models 1 and 2.

Table 5

Regression Coefficients to EstimateM@(ml-kg*-min?) for Quarter-mile Data (n = 58)
Variable Model 1 Model 2 Model 3 Model 4
Intercept 65.226 64.481 83.035 78.865
Body Mass (Ib) -0.142* -0.143* -0.154* -0.162*
Gender 3.908* 3.930* 2.937* 3.095*
Time (min) -3.895* -3.835* -5.382* -4.879*
HR (b-minY) -0.004 - -0.035 -
30-Day PAR 1.356* 1.363* - -

R .92 .92 .88 .88

R .84 .84 77 77
SEE(mI-kg*-mir™) 4,06 4,06 4.82 4.85

Ry’ 7€ .81 71 72
SEE, (ml-kg*-min*) 4.52 4.39 5.41 5.28

Note Gender: 0 = girl, 1 = boy; HR, heart raBEE standard error of estimate;’ andSEE,
are PRES® and PRESSSEErespectively; p < .05, statistically significant variable for
prediction
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Models 5 through 8 excluded body mass as a prediotthat prediction of Vghaxin
heavy participants was not unduly influenced byybiss. Inclusion of body mass in the
prediction model may cause heavier individualsaweehlower estimated V.« values
relative to lighter individuals who walk at the saspeed and heart rate. In Model 5, all
variables were significant predictors of measur€s\.. The multipleR andSEEfor Model
5 were .82 and 5.75 ml-Kgmin?, respectively. Th(Rp2 andSEE, for Model 5 were .61 and
6.21 ml-kg"-min?, respectivelyFor Model 5, without body mass as a predictor, thezde
contributed significantly to the prediction of maesd VQmax However, Model 5 was less

accurate compared to Model 1 with body mass asdigior.

Table 6

Regression Coefficients to Estimateg(ml-kg"-min?) for Quarter-mile Data (n = 58)
Variable Model £ Model € Model 7 Model €
Intercep 88.05¢ 71.54¢ 112.31° 90.70(
Body Mas: (Ib) - - - -
Gender 5.091* 5.847* 4.018* 5.018*
Time (min) -10.974* -10.406* -13.532* -13.173*
HR (b-mir") -0.090* - -0.137* -
30-Day PAR 1.638* 1.862* - -

R .82 .81 .76 72

R .67 .65 58 51
SEE(mI-kg*-min™) 5.75 5.96 6.55 7.03
Ry 61 .6C 51 A€
SEE, (ml-kg*-mir™) 6.21 6.3¢ 6.9¢ 7.3z

Note Gender: 0 = girl, 1 = boy; HR, heart ra8EE standard error of estimaﬂé‘;Z andSEE,
are PRES® and PRESSSEErespectively; p < .05, statistically significant variable for
prediction

Model 6, which excluded body mass and heart rae ahprediction accuracy similar
to that of Model 5. All variables in Model 6 werigrsificant predictors of measured Y@«
In Model 7, which excluded body mass and 30-Day P&Rvariables were significant
predictors of measured i@ IN Model 7, the multipl®k was lower than for Model 5 (.82
vs .76) and th&EEwas higher than for Model 5 (5.75 vs. 6.55 mif-kgin?), indicating that
excluding self-reported physical activity from tme®del substantially decreased prediction

accuracy. Model 8 should theoretically be the leasurate of the models developed because
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the predictor variables of body mass, heart rate,3-Day PAR were not included in the
model. For Model 8, all variables were significanedictors of measured s Model 8

had the lowest multipIR (.72) and the higheSEE(7.03 ml-kg"-min") of all models
examined. Scatter plots of measured and estimaiedy/for Models 1 to 8 are presented in
Appendix H.

All other regression coefficients for half-mile aode-mile distances from first
session data and for all distances from secondbsedata are presented in Appendix | and J.
Reliability of VOomax Estimation

VO2maxWas estimated from the models developed from catacted during the first
session using data from the first and second sessioallow an estimate of reliability.
Estimated VQnaxandICC reliability estimates are presented in Table TrAddels
developed in the current study produced highlyataé (CC > .98) estimates of V& ax.
Estimates of reliability of V@haxfrom the Kline, Porcari, Hintermeister et al. (¥9&nd
Dolgener et al. (1994) equations for the first aadond sessions were also high. Estimates of
mean VQnaxfor the first and second session were generalliyimvil mI-kgl-min'l, with the
exception of the Kline, Porcari, Hintermeister letahich had a mean difference of 1.56
ml-kg*-min.

Table 7
Reliability of VQmaxEstimation from Regression Models

Estimated VGQnax

Regression Model (ml-kg*-min®) ICC p ES
1°' sessio 2" sessio
Quarter-mile Model 1 42.57 £ 9.07 43.07 £9.45 .98.12 0.05
Half-mile Model : 43.00+ 8.4z 43.70x 8.5(C .9¢ .03 0.0¢
One-mile Model 43.01+ 8.4z 43.80% 8.3¢ .9¢ .01 0.0¢
Kline et al 48.34+ 9.27 49,90+ 9.8¢ .97 .0C 0.1¢€
Dolgener et al. 42.62+7.95 43.28 +8.18 .99 .00 .080

Note M + SD; ICC, intra-class correlation coefficient (one way mQgER, effect size; One-
mile data was used for estimated }&from Kline, Porcari, Hintermeister et al. and
Dolgener et al. equations
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Cross-validation of Previously Published Equations

Previously published equations were cross-validatedll participants using data
from the first session. Cross-validation resulis|uding the correlations between measured
and estimated V&)axand standard errors, are presented in Table 8cdinelations between
measured and estimated ¥from the Kline, Porcari, Hintermeister et al. (19&guation
were slightly higher than those from Dolgener e{E94) equatiorSEE from the Kline,
Porcari, Hintermeister et al. equation were slighdiver than theSEEsfrom the Dolgener et
al. equation. However, the Kline, Porcari, Hinteister et al. equation showed a tendency to
overestimate measured YR« Estimated VQmaxfrom the Kline, Porcari, Hintermeister et al.
equation was significantly differenp € .05) from measured Vi for all distancesTE of
Kline, Porcari, Hintermeister et al. equation wascmhigher than th8EEindicating a
systematic difference between measured and estrvade,.« from Kline, Porcari,
Hintermeister et al. equation. Scatter plots betweeasured and estimated M@from the
Kline, Porcari, Hintermeister et al. and Dolgenealeequations using one-mile data are

shown in Figure 3 and 4.

Table 8
Cross-validation of Previously Published Regres&onations
Data Model VQma (MI-kg™-min™) r SEE TE

Quarte-mile Measure 42.65 + 10.0} - - -

(n=58) Kline et al. 50.72 + 10.75* .83 5.530.04
Dolgener et al. 43.63 +9.10 .81 5.946.04

Half-mile Measured 43.15+£9.42 - - -

(n=57) Kline et al. 50.02 + 9.16* .82  5.383.67
Dolgener et al. 43.51 +8.06 .78 5.96.81

One-mile Measured 43.15+£9.42 - - -

(n=57) Kline et al. 48.68 £ 9.10* .81 5.567.81
Dolgener et a 42.81+£7.9 7€ 6.09 5.9¢

Note.M = SD; r, correlation between measured and estimateg MSEE standard error of
estimate TE, total error; P < .05, significantly different between measured astimated
VO2max time for quarter and half-mile was multiplied #yand 2 respectively for the analysis;
Kline et al., Kline, Porcari, Hintermeister et al.
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Criterion-referenced Validity

Criterion-referenced validity of previously publeshequations and equations
developed in the current study was examined usinESSGRAM’ standards (Meredith &
Welk, 2010). Criterion-referenced validity resudte presented in Table 9. The Model 1
equation developed in the current study categonqeticipants into either the HFZ or NIZ
more accurately than the other models examined.eMbdategorized 50 out of 58
participants accurately into either the HFZ or NTAe Kline, Porcari, Hintermeister et al.
equation was the least accurate model examineda@ndately classified only 43 out of 57
participants.

Table 9
Comparison of Criterion-referenced Validity betwédadels

Measured Vlma,

Estimated Vma, HFZ NIZ C Phi
Kline, Porcari, HFZ 38 11
Hintermeister et % 66.7 19.:
al. NIZ 3 5
(n=57) % 5.2 8.8 75 .31
Dolgener et a HFZ 35 6
(n=57) % 61.£ 10.t
NIZ 6 10

% 10.5 17.5 .79 48
Current study HFZ 37 4
Model 1 % 63.8 6.9
(n=58) NIZ 4 13

% 6.9 22.4 .86 .67
Current study HFZ 34 4
Model 5 % 58.6 6.9
(n=58) NIZ 7 13

% 12.1 22.4 .81 .57

Note HFZ, healthy fithess zone; NIZ, need improvenmnte;C, criterion validity
coefficient;phi, phi coefficient; quarter-mile data &t 4¢ession was used for the
current study models and one-mile data*s$dssion was used for the previous models

47



Discussion

Aerobic fitness is an important health-relatedd#s component. However, direct
measurement of aerobic fitness is not practicalnf@ome settings due to the need for
expensive equipment, laboratory space, and traewthicians. Thus, in some situations a
field test to estimate aerobic fitness that is ficatand easier to administer than direct
measurement of aerobic fitness is desirable. Maaffart field tests, such as the one-mile
run/walk and PACER, require high levels of partaipmotivation and may be too difficult
to complete for some unmotivated, overweight, aniit ghildren.

The original one-mile walk test developed by KliR@rcari, Hintermeister et al.
(1987) was developed on adults and has been catisisted in college-aged participants
(Dolgener et al., 1994) and adolescents (McSweigath €1998). No studies have previously
examined the validity of walk tests for childreruyger than age 14 years. Thus, the purpose
of the current study was to develop regressiont@nsto estimate Vehaxfor quarter-mile,
half-mile, and one-mile walk tests for 10-13 yelar children.

Participants walked one mile twice on differentslayd completed a maximal
treadmill test with directly measured YQx At least one week elapsed between the two
sessions. One obese participant could not comaletee-mile walk, but she was able to
complete a quarter-mile walk. Another participaidt ot reach a heart rate of 110 b-thin
during the first walking trial. In addition, two ibtiiren did not exert maximal effort during the
maximal treadmill test, so their data were excluddbtiother participants completed two
trials of the one-mile walk and provided maximdbefs during the treadmill test.

Models to estimate VQaxfrom quarter-mile, half-mile, and one-mile data ever
developed in this study. Heart rate responses smméar among the quarter-mile, half-mile,
and one-mile distances, with average heart ratethéoentire sample ranging from 144

bmin™ for the quarter-mile and half-mile distance to b46in™ for the one-mile distance.



This indicates that participants maintained a netht steady walking pace throughout the
entire distance. Walk times ranged from an avecd@ightly less than 4 minutes for the
quarter-mile walk to approximately 16 minutes foe bne-mile distance for the first walking
trial. An average one-mile walk time of about 16ates for children is much longer than
other aerobic fitness field tests and it may béddift for some children to walk such a long
time. The quarter-mile distance might be more apate for children who are overweight
or unmotivated to walk a mile at a constant fasepa

Results demonstrated that the quarter-mile walkpesvided a slightly more accurate
estimate of V@yaxthan the longer distances. Because the quarterelisii@nce is also more
practical than longer distances for a field tdst, quarter-mile results were focused on in the
current study. Every participant except for one hdubart rate over 110 b-rifiafter the
quarter-mile walk. This value has been suggestédeasiinimum heart rate necessary to
estimate VQnaxin submaximal heart rate prediction models (Fonte2@01; Golding et al.,
1989). Average heart rate did not significantlyraye from the quarter-mile to the half-mile,
which supports the idea that steady state he&teat be reached after only three minutes of
constant intensity exercise (Golding et al., 19898enhalgh et al., 2001).

Based on previous studies (Dolgener et al., 199%4gKPorcari, Hintermeister et al.,
1987) the variables of body mass, gender, walk,tame heart rate were examined. In
addition, the value of self-reported physical atfias a predictor of Véhaxwas also
examined. Age was excluded as a predictor becdubke cestricted age range in the current
sample. Eight models were developed to examinérpact of various predictor variables on
prediction accuracy.

Because practitioners in some situations (e.ggashmay prefer models that do not
require body mass, four models without body mass @®dictor were evaluated. In general,

models without body mass (Models 5-8) were lessi@te than models with body mass
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(Model 1-4) as a predictor. Measured @ (ml-kg"-miri') and body mass were
significantly correlatedr(= - .84). Models without the 30-Day PAR measureeif-reported
physical activity were less accurate than modelh thie 30-Day PAR as a predictor.
Measured VG@nax(ml-kg'-min?) and 30-Day PAR were significantly correlated=(.53).
Children’s perception of their physical activitywéds was relatively highly related to their
aerobic fitness level, and self-reported physictiviay was a significant predictor for all
regression equations. Inclusion of the 30-Day PAR aredictor led to more accurate
prediction models. The 30-Day PAR is easy to adsteéniand appears to be a simple way for
children to estimate their physical activity levels

Surprisingly, heart rate measured during the wedk dlid not add significantly to the
prediction of VOQmax Measured V@hax (mI-kgl-min'l) and heart rate were significantly
correlated, but the correlation was wesk (- .27). In the study by Kline, Porcari,
Hintermeister et al. (1987), the correlation betweeasured VE(L-min™) and heart rate
was also weakr (= -.14). These authors did not state whether matetwas a significant
predictor of VQnmaxin their regression equation. Dolgener et al. #/9%ed the same
predictors as Kline, Porcari, Hintermeister et@lallow comparison between their equations.
Dolgener et al. did not state whether heart rate avsignificant predictor of V&\axor
whether heart rate was significantly correlatechWiO,max Heart rate was a significant
predictor of VQnaxin the models without body mass as a predictord@o5-8), suggesting
that the variance accounted for by body mass gqweeld with the variance accounted for by
heart rate. Overall, excluding heart rate fromwaéking equations does not reduce the
accuracy of prediction and would reduce the buethe tester who would not have to
assess heart rate during or after the walk.

Reliability of VO;maxestimation was examined and compared for new esdqusly

developed regression equations. Results showedaditions were highly reliabl&dC
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> .97).1CCsin the present study were higher than that regdsteLeger et al. (1988) from
the PACER testiCC = .89). In addition, heart ratekCC > .82) and time for the quarter-mile,
half-mile, and one-mile between first and secorssiem were highly reliablde¢C > .88).
ThelCC for walk time in the current study was similarthe ICC for one-mile run/walk time
(ICC > .85) from grade 4 children reported by Rikli et(4992). Therefore, the newly
developed quarter-mile walk test can be assumedotade a reliable estimate of i in
children.

Accuracy of the newly developed regression equatiwas compared to that of
previously published regression equations. Thetampuspublished by Kline, Porcari,
Hintermeister et al. (1987) and Dolgener et al9@)9vere cross-validated on participants in
the current study. Results from the cross-valisatiemonstrated that the newly developed
regression equations were more accurate than éweopsly published equations for the 10-
13 year old children in this sample. CorrelatioatAeen measured and estimateth\S?
from the Kline, Porcari, Hintermeister et al. egmatand the Dolgener et al. equation were
= .81 and = .76, respectivelyR, from quarter-mile Model 1 wa, = .89, which was a
much stronger correlation coefficient than thakKbhe, Porcari, Hintermeister et al. and
Dolgener et al. equations. In additi@EEsfrom Kline, Porcari, Hintermeister et al. equation
and Dolgener et al. equation were 5.61 and 6.1Kgrhimin™, respectively, which were
slightly higher than th&EE, (4.52 ml-kg"-min®) of quarter-mile Model 1. Models 1 and 2
for the half-mile and one-mile walk tests had aacyrsimilar to the quarter-mile Model 1
(SER,< 5.00 ml-kg"-mir%). Therefore, it appears that the newly develojegiession
equations provide more accurate estimates ofn@han previouslypublished equations.

In comparison between two previously published &qog, mean estimated \4@ux
from the Dolgener et al. equation similar to theameneasured V&, However, the Kline,

Porcari, Hintermeister et al. equation tended restimate measured Ygx of participants
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in the current study. Figure 3 shows that cases weattered under the reference line, which
indicates overestimation of bR from the Kline, Porcari, Hintermeister et al. Oe thther
hand, for the Dolgener et al. equation, as seéigire 4, cases were scattered around the
reference. The cross-validation results in theanurstudy show the same trend as shown by
other researchers. The Kline, Porcari, Hintermemst@l. equations tend to provide accurate
estimates V@ in fitter populations, whereas the Dolgener eeglations tend to provide
accurate estimates of MR in less fit populations. George et al. (1998) jmted results that
supported the accuracy of the Dolgener et al. @usbn participants of the same fitness
level (average measured YQ.= 42.8 ml-kg-min?) as children in current study (average
measured V@na = 42.7 ml-kg-min?). In contrast, three studies (Greenhalgh et 8012
McSwegin et al., 1998; Weiglein, 2011) that suppoithe accuracy of the Kline, Porcari,
Hintermeister et al. equations had relatively hyditlparticipants (average measured )&
=48.1, 45.4, and 50.3 ml-ﬂgnin'l, respectively). The Kline, Porcari, Hintermeisteakt

and Dolgener et al. equations were not as acctoathildren in current study as the walk
tests developed in this study specifically for dreh.

The accuracy of the quarter-mile walk test devedopethis study compares
favorably to other field tests of aerobic fitnessch as the one-mile run/walk and PACER
tests. The one-mile run/walk equation develope@bseton et al. (1995) has been used to
estimate VQnaxfor children in the FITNESSGRARM Cureton et al. reported a multigke
= .71 andSEE= 4.78 ml-kd-min™ for the one-mile run/walk regression equation large
sample aged 8 to 25 years. Mahar et al. (2011ytegpa multipleR = .75 andSEE= 6.17 for
a PACER quadratic model in a 10-16 year old sanmipie.newly developed quarter-mile
walk test (Model 1) had a multipR= .92 andSEE= 4.26 ml-kg-min™* for 10-13 year old

children in current studysEEsfrom different studies are not directly comparaideause the
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standard deviation of the predicted variable, whiiffers from study to study, is used in
calculation of theSEE

The criterion-referenced validity of the quartedenwalk test (Model 1) using
FITNESSGRAM Standards (Meredith & Welk, 2010) was= .86. This represents the
accuracy with which participants are categorized @ither the HFZ or NIZ. The Kline,
Porcari, Hintermeister et al. (1987 € .75) and Dolgener et al. (1994 € .79) equations
had lower classification accuracy than the quartde-walk test. Accordingly, the quarter-
mile walk test (Model 1) appears to beeadter equation to differentiate children in therent
study as healthy or unhealthy than other walkegsations using FITNESSGRAM
Standards.

This study appears to be the first to develop atguaile walk test for 10-13 year-old
children. A major strength of the study is thatuamer-mile walk test for children that is
practical and accurate was developed. The quaiterwalk test is simple to take and can be
administered in a short amount of time, makingatcpical for use in schools and other
settings. Another strength of this study is thghedifferent models were developed, so
school teachers or researchers can choose one ofdtiels depending on their
circumstances. Evidence of reliability and validitgre provided for the new walk test
equations. The new walk test equations appear &sloe more accurate than previously
published walk tests, the one-mile run/walk, arelPM\CER test equations. Additionally,
evidence of some degree of representativenesg ahttmple used in the current study can be
provided by comparison with large-scale studiesinteged VQmaxfrom the National Health
and Nutrition Examination Survey (NHANES) (Welk,uraon, Eisenmann, & Cureton, 2011)
on a large, nationally representative sample agetiBlyears was similar to measured4Q
in the current study. Average estimated¢Qfrom NHANES was 47.3 mI-Rngin'1 for

males and 39.6 ml-Kgmin™ for females. Similarly, in the current study awganeasured
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VOsmaxwWas 46.1 ml-kg-min* for males and 39.4 ml-Kgmin* for females. In addition, the
sample distribution in terms of BMI of the currestady was similar to the BMI of
participants in the large-scale Texas Youth Fitrgtssly (Welk, Meredith, Inmels, & Seeger,
2010). Middle school children from the Texas YoHttness Study were categorized into the
Healthy Fitness Zone (HFZ) or Needs ImprovementeZoased on their BMI using
FITNESSGRAM standards (Going, Lohman, & Falls, 2008). Abou6df boys and 73%

of girls were categorized in the HFZ in that stuBimilarly, in the current study 67% of boys
and 74% of girls were categorized into the HFZ g$HTNESSGRAM Standards

(Meredith & Welk, 2010).

The current study has several limitations. Firgtfivation to walk fast at the same
pace was not always apparent in the 10-13 yeactoldren in the present study; especially,
the younger children. Most of the children, botrefid unfit, were likely trying to do their
best. However, some children did not appear tovakk at a fast constant pace. This was
indicated by bored facial expressions and behasgics as looking around, slowing down,
and trying to talk. Children of this age group sedrto gebored after the half-mile walk
distance, which prevented them from focusing onathtk test for the remaining half-mile.
Second, pacing ability differed slightly among dhén. Pacing speed seemed to be based on
fitness and physical activity level. Younger chddrtended to have difficulty keeping the
same pace for the entire one-mile walk, unlesgliild was fit and participated in regular
physical activity or sports. This pacing problenghiibe related to the motivation of a
particular child. Most children could walk at thense pace they chose before the test for the
entire test. Those who could not keep a constalkingapace tended to walk fast for the first
lap and to slow down slightly for the rest of laBsme other children kept changing their
walking pace randomly, though this was rare. Howetves pacing problem might be

attenuated in the quarter-mile walk test, espeacfall overweight children who may find it
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hard to keep the same pace while walking one-rodstly, sample sizeé\(= 61) was small
compared to some other studies of field tests @ftae fithess, but does represent the largest
sample of this age group to be studied with resfpesialking tests used to estimate aerobic
fitness.

For estimation of V@yaxin young children, it is recommended that the Med&l4,
6, and 8 developed in the current study be usqugrdéng on the purpose of testing, which
may differ depending on intentions and situatidviedel 2 is recommended because it is the
most accurate regression equation of current stddyel 2 could be appropriately used in a
clinical setting where children would be more likéhan in a mass testing environment to
provide a true answer for their self-reported ptaisactivity. Model 4 is recommended for
researchers who do not want to measure or useeggifted physical activity and heart rate.
Model 4 might be appropriate in a school settingreht might be difficult to assess many
students on self-reported physical activity or veéhsiudents might be tempted to
overestimate their physical activity to achievaghbr predicted V@, Model 6 is
recommended for researchers who do not want tbade mass as a predictor, and Model 8
is recommended for researchers who do not wantegsare or use body mass, heart rate,
and self-reported physical activity. Model 8 apgdarbe as accurate as other field tests such
as one-mile run/walk and PACER, based on a conmgraa§correlations between measured
and estimated V&\. but is less accurate than the Model 2. The feasommended models
are as follows:

Model 2:VOzmax(ml-kg'-min?) = 64.481 — 0.143*(body mass [Ib]) + 3.930*(gender
[F =0, M =1]) — 3.835*(walk time [min]) + 1.363*80-Day PAR)

Model 4:VOzmax(ml-kg"min?) = 78.865 — 0.162*(body mass [Ib]) + 3.095*(gender
[F =0, M =1]) - 4.879*(walk time [min])

Model 6:VOsmax(ml-kg"-min') = 71.544 + 5.847*(gender [F = 0, M = 1]) —
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10.406*(walk time [min]) + 1.862*(30-Day PAR)

Model 8:VOzmax(ml-kg'-mir) = 90.700 + 5.018*(gender [F = 0, M = 1]) —
13.173*(walk time [min])

In summary, the new quarter-mile walk test regogssquations developed in the
current study provide valid and reliable estimate¥O,maxin children aged 10-13 years.
Results demonstrated that the quarter-mile walkwas a long enough distance to provide
accurate estimates of (i Future research should examine the effect ofwvatitin and
pacing education on the validity of walk testsdbildren. In addition, the impact of walking
just one-quarter mile, rather than an entire mileen developing a quarter-mile walk test
should be examined. Validity of regression equatideveloped from a walk test developed
on quarter-mile walk data may differ from the cuatretudy because participants may walk
faster if they know they only need to complete qomester mile. Because average walking
speed in the current study (i.e., ~ 4 mph) app@ale close to a slow running speed for
children of this age, results developed from hayagicipants walk only a quarter-mile are
likely to be similar to findings in the current dju Development of a quarter-mile walk test
with more overweight children should be examinedanse such a test may be most
appropriate for this population of children. Moktldren who take youth fitness tests are
likely to complete the PACER or mile run/walk tdiesate aerobic fitness.

Validity of the quarter-mile walk test in settingdere large numbers of children
walk at the same time rather than individually dtidae also examined. Children may tend to
walk faster in a setting surrounded by other ckitdithan in an individual test situation
because of perceived competition with other childdternatively, children may tend to
walk in clusters with similarly fit peers. The radéthe teacher or test administrator in such a
situation to teach children the importance of wadkat a constant fast pace and what brisk

walking feels like is paramount.
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In conclusion, two primary purposes were exami@ae-quarter mile, one-half mile,
and one-mile walk test regression equations ton@sé aerobic fitness in children aged 10-13
years were developed and shown to have evidenadialbility and validity. Additionally,
two previously published regression equations werss-validated on participants in the
current study, and results showed that the nevessgyn equations were more accurate than
previously published equations. The quarter-milékwest regression equations developed in
the current study appear to be at least as accasdtee one-mile run/walk and PACER tests
for children. The quarter-mile walk test is easwatiminister and time-efficient compared to
other field tests. The current study is the fitatly to develop walk tests to estimate aerobic
fitness in young children. The quarter-mile walgtteight be particularly useful when
estimates of aerobic fitness are desired for unmatgd, unfit, obese, or overweight children

who may not be able to complete a field test obbierfitness that requires a maximal effort.
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Appendix B: Physical Activity Readiness Questionnae

Prpsical Aoty Reacress
Questonnare - PR -
frevsed 2002)

(A Questionnaire for People Aged 15 to 69)

Regular physical activity ks fun and healthy, and increasingly more people are starting to become more active every day  Beling more active & very safe for most
people. However, some peaple shoukd check with their doctor before they start becoming much mare physically active

If you are planning to become much more physically active than you are now, start by answering the seven questions in the box below. I you are between the
ages of 15 and 69, the PAR-Q will tell you ¥ you should check with your doctor before you start. If you are over 69 years of age, and you are not used to being
very active, check with your decton

Common sense is your best guide when you answer these questions. Please read the questions carefully and answer each one honestly: check YES or NOL

1. Has your doctor ever said that you have a heart condition and that you should only do physical activity
recommended by a doctor?

Do you feel pain in your chest when you do physical activity?
In the past month, have you had chest pain when you were net deing physical activity?

Do you lose your balante because of dizziness or do you ever lose comsciousness?

Do you have a bone or joint problem (for example, bach, knee or hip) that could be made worse by a
change in your physical activity?

moe oW

6. Is your doctor currently ptmlb]ug drugs (for example, water pills) for your blood pressure or heart con-
dition?

7. Do you know of any other reasen why you should not do physical activity?

O 0O ODOoOooOo oOg
O O OOO0O0O Os=s

If YES to one or more questions

Talk with your doctor by phone or in person BEFORE you start becoming much more physically active or BEFORE you have a fitness appraisal. Tel
'ﬂu your doctor about the PAR-Q and which questions you answered YES

* You may be able to do any acthity you want — 2 long 25 you start slowly and buld up gradually O you may nesd to restricy your activities 1
a"swere_d thase which are safe for you. Talk with your dogor about the kinds of activities you wish 1o participate in and follow hisfher advice.

* Find out which community programs are safe and helpl for you

DELAY BECOMING MUCH MORE ACTIVE:

* I you are not feeling well because of a temparary liness such as
& cold or 2 fever — wast until you feed benes, of

= I you are or may be pregrant — talk 1o your doctor before you
start becoming more active.

NO to all questions

1 you amswered NO horestly to 3l PAR-Q questions, you tan be reasonably sure that you can:

= start becoming much more physically active — begin slowly and build up gradually This is the
safest and easiest wary 10 g0

* take part in a finess appraisal - this is an exceflent way to determine your basic finess 5o
thiat you can plan the best way for you 1o ive acovely It is aiso highly recommended that you

have your blood pressure evaluaed. i your reading is over 144794, talk with your doctor

beefore you start becoming much more physically active.

PLEASE WOTE: I your health changes so that you then answer YES 1o
any of the above questions, vell your fraess or health professional.
Aak whether you should change your physical activiry plan.

Iiormed Ue of the PAR.G. The (anadian Socely for Exercice Prsiciogy. Health Canaca, and ther agents asiume »0 isbilly for persons who underisle phytacsl achwity, snd f in Souir alter compietrg
Thee QueStionnasre, Conul your daCi prise 1o physcal actily

Mo changes permitted. You are encouraged to photocopy the PAR-Q but only if you use the entire form.

MOTE: I the PAR-G & bewng gpven 1o i perion before he or She partopates n & physosl scbvity program or & feness appraisal the; secsion may be wad for kgl or sdmnstratie parposes
*1 have read, understood and completed this questionnaire, Any questions | had were answered to mry full satisfaction.”

ME

SIGNTLRE DRE

SIGNATRE OF PRAENT TESS
o AT o partcpents uncer S age o magety)

Note: This physical activity clearance is valid for a maximum of 12 months from the date it is completed and
becomes invalid if your condition changes so that you would answer YES to any of the seven questions.

~ 1:12
Health  Santé
% @ Canacdian Saciety for Exercise Phyclogy Supporied by hl Canada  Canada continued on other side...
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Appendix C: 30-Day Physical Activity Recall

Name:
30-DAY PHYSICAL ACTIVITY RECALL

Check if you are in the A, B, or C activity categor Place a check next to that letter.
Then circle the appropriate number (0 to 7) that bescribes your general
ACTIVITY LEVELfor thePREVIOUS MONTH

Circle only one number

A. Do Not participate regularly in programmed recreatj sport or heavy physical
activity.

0 - Avoid walking or exertion, e.g., always usevator, ride whenever
possible instead of walking.

1 - Walk for pleasure, routinely use stairs, somaally exercise sufficiently to
cause heavy breathing or perspiration.

B. Participate regularly in recreation or work requimy modest physical activity,
such as gymnastics, horseback riding, calisthem#se tennis, softball,
baseball, weight lifting, yard work.

2 - Spend 10 to 60 minutes per week in thesestgpphysical activity.
3 - Spend over 1 hour per week in these typehgsical activity.

C. Participate regularly in heavy physical exercisgy.erunning or jogging,
swimming, cycling, rowing, jumping rope, or engagin vigorous aerobic
activity type exercise such as tennis, basketbaticer, or other similar sports
activities.

4 - Spend less than 30 minutes per week in ttypss of physical activity.
5 - Spend 30 to 60 minutes per week in thgsestyf physical activity.
6 - Spend 1 to 3 hours per week in these tgpphysical activity.

7 - Spend over 3 hours per week in thesestgb@hysical activity.
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Appendix D: Youth Risk Behavior Survey

YRBS
Selected Questions
Name:

Circle the number of the answer that you feel isas for you

1. On how many of the past 7 days did you partteifpa physical activity for a total of 30-
60 minutes, or more, over the course of the day?

This includes moderate activities (walking, slowyiling, or outdoor play) as well as
vigorous activities (jogging, active games or spauch as basketball, soccer, or tennis).
Circle one number

0 1 2 3 4 5 6 7

2. On how many of the past 7 days did you do egescio strengthen or tone your muscles,
such as push-ups, sit-ups, or weight lifting@ircle one number

0 1 2 3 4 5 6 7

3. On how many of the past 7 days did you walk, @dicycle for at least 30 minutes at a
time? Circle one number

0 1 2 3 4 5 6 7

4. During the past 7 days, on an average weekhay many hours_day did you watch
television and videos or play computer or video gaPn Circle one number

None

1 orless

2 or 3 hours

4 to 5 hours

6 or more hours

agrwONE

5. Compared to others of your same age and gewdentuch physical activity dgou get?
Circle one number

1 2 3 4 5
Much less The same Much more
than others as others than others
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Circle the number of the answer that you feel isas for you

6. During the past 12 months (1 year), how mansteaindividual sports or activities did
you participate in on eompetitive level, such as school sports, intramurals, YMC#, ¢
league teams, or other out-of-school programs?

1. None
2. 1 activity
3. 2 activities
4. 3 activities
5. 4 or more activities
What activities did you compete in? 1.
2. 3.
4. 5.
6.
7. Check all activities you diffORE THAN 10 TIMES IN THE PAST YEAR . Do

not include time spent in school physical educatiasses. Make sure you include all sport
teams that you participated in during the past.year

______ Aerobics ______Gymnastics ___ Swinmgnflimps)

__ Band/Drill Team ___ Hiking Tisnn

______ Baseball ____lce Skating ______Volleyball

__ Basketball __Roller Skating __ tawm8kiing

___ Bicycling __ Running for Exercise __ Weight Training

__ Bowling ___ Skateboarding __Wrestling (Competitive)
__ Cheerleading ___Snow Skiing ____efdth

__ Dance Class ___Soccer

_ Football __ Softball

______ Garden/Yard Work ______ Street Hockey
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Question 8 asks about yomother (leave blank if you do not have one).

8. Compared to other women her same age, how nmudiqgal activity does your mother
get? Circle one number

1 2 3 4 5
Much less The same Much more
than others as others than others

Question 9 asks about ydiather (leave blank if you do not have one).

9. Compared to other men his same age, how mudiqgathyactivity does your father get?
Circle one number

1 2 3 4 5
Much less The same Much more
than others as others than others

For question 10, circle the letter that is accufatgou.

10. How do you think of yourself?
A. very underweight (too thin)
B slightly underweight
C. about the right weight
D slightly overweight
E. very overweight (too fat)

11. In an average week when you are in schoolognrhany days do you go to physical
education (PE) classesTircle one number

0 1 2 3 4 5 6 7

12. During an average physical education class, mawy minutes do you spend actually
exercising or playing sports?Circle one

< 10 minutes 10-20 minutes 21-30 minutes
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Appendix E: Physical Activity Readiness Questionnaé

PAR PHYSICAL ACTIVITY READINESS QUESTIONNAIRE

Name:

Physical Activity Questions

| am going to ask you several questions to desgrilue typicalphysical activity level. Please try to
answer as accurately as possible. Please waitluetid all three questions before you give me your
answer.

1. Would you say that you diitle or no regular recreation, sport, or physical activity?

OR
2. Would you say that you participateggularly in recreation _or workequiring modest physical
activity ?
OR

3. Would you say that you participatestjularly in heavyphysical exercis@

Modest physical activitiesnclude: walking, calisthenics, bowling, weightilifg, yard work.
Heavy physical activitiesnclude jogging, swimming, cycling, rowing, tenni)d basketball.

<Little or no regular>
1. Would you say that you avaiealking or exertion (for example, always use thevator, drive
whenever possible instead of walking.)?
OR
2. Would you say that you walk for pleasure, roefiruse stairs, occasionally exercise sufficietdly
cause heavy breathing or perspiration?

<Regular modest PA>
Would you say that you participated regularly ioreation or modest physical activity for:
1.10 to 60 minutes per week?
OR
2. More than 60 minutes per week?

<Heavy>
Now | am going to ask for some more detail on thenaount of heavy physical exercise you did. |
am going to give you four options.

Would you say that you participated regularly imWephysical activity for

1. less than 30 minutes per week
OR

2.30 to 60 minutes per week
OR

3.1 to 3 hours per week

OR

4. more than 3 hours per week
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Appendix F: Physical Activity Questionnaire for Older Children

Physical Activity Questionnaire-C
Name: Age:
Gender (check one): Male Female adesr
We are trying to find out about your level of plodiactivity fromthe last 7 days (in the last
week). This includes sports or dance that makesyeeat or make your legs feel tired, or games
that make you breathe hard, like tag, skippingnig, climbing, and others.

Remember:
1. There are no right and wrong answers - thieisartest.
2. Please answer all the questions as honestlg@ndately as you can - this is very important.

1. Physical activity in your spare time: Have you deng of the following activities in the past

7 days (last week)? If yes, how many times? (Muenlly one circle per row.)

7 times
No 1-2 3-4 5-6 or more

SKIPPING «evrveeveeeee e e O O O O O
ROWING/CAN0EING ......veveeveercrecieeeieann) O O O O O
IN-line SKating ........cccccevevveeeeeeerene. O O O O O
TAG oot e O O O O O
Walking for exercise ..........ccccceevenn.n. O O O O O
BICYCHNG v.vvevvveeeeeeeee e e O O O O O
Jogging or rUNNING .....cceevevvevreeeneenenn.n ! O O O O O
ACIODICS ... O O O O O
SWIMMING .. O O O O O
Baseball, softball ............c.ccceeveverennnnnn O O O O O
DANCE ....oovveveveeeieeiee e e O O O O O
FOOtball .....cocvevvvevereceeece e O O O O O
Badminton .........ccccceveveveeeieereeeermeans O O O O O
Skateboarding ...........cccceeveeeveeninnnn. O O O O O
SOCCEY w.vevveeeeieeeeeeeeeteeee e O O O O O
Street NOCKEY .......ceeveeveevieeceeeereee, O O O O O
Volleyball .......cccoveevevieece e O O O O O
FIOOr NOCKEY .....vcvvveeeeeeeece e O O O O O
Basketball ...........ccccceeveveeeerererer . O O O O O
1CE SKALING .vvveveeveeeeeeeeeveeeeeee e O O O O O
Cross-country SKiing ........cccoeveverennn! O O O O O
Ice hockey/ringette ...........cccceevevvennneee. O O O O O
other: . O O O O O

...... O O O O O
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2. In the last 7 days, during your physical edusa{PE) classes, how often were you very active
(playing hard, running, jumping, throwing)? (Chexsie only.)

1doNtdO PE ..ot

Hardly ever ...,

O
O
SOMELIMES ...ttt eoeeeeee e eeee e @)
O
O

Ran or played a little bit ..........cccoooviioccereeeenee,
Ran around and played quite a bit ....................
Ran and played hard most of the time ...... .o

OXONONONO)

4. In the last 7 days, what did you normallyaddunch(besides eating lunch)? (Check one only.)
Sat down (talking, reading, doing schoolwork).......
Stood around or walked around ............cccceenne.
Ran or played a little bit ..........cccoooiiimccrreeeeeeee,
Ran around and played quite a bit ..........c........
Ran and played hard most of the time ...... o

OXONONON®)

5. In the last 7 days, on how many daight after schoal did you do sports, dance, or play
games in which you were very active? (Check ong.pnl

NONE .ottt st @)
1 tiMe [aSt WEEK ....c.veoveeee e @)
2 0r 3times 1ast WeeK .......c.ccoeoveeeeeeeeeeeeeeen @)
4 iMES [aSt WEEK ..o @)
5 times [aSt WEEK .....cvoveeeeeeeeeeeeeeeeeee s @)

6. In the last 7 days, on how mageyeningslid you do sports, dance, or play games in whiah yo
were very active? (Check one only.)

NONE .ottt e e ee e @)
1 tiMe 1aSt WEEK ..ot @)
2 0r 3times 1aSt WEEK .....coveeeeeeeeeeeeeee e @)
408 51aStWEEK ..ot @)
6 0r 7 times 1aSt WEEK ......oveveeeeeeeeeeeee e @)
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7. On the last weekendhow many times did you do sports, dance, or gkayes in which you
were very active? (Check one only.)

NONE .ottt e e e @)
LHIMIE ettt eeee e e @)
2 = BHIMES oot e ee e @)
4 = BHIMES oo e ere s @)
B OF MOTE TIMES v eeeeeeeeeee e @)

8. Whichone of the following describes you best for the lasilad/s? Readll five statements
before deciding on theneanswer that describes you.
A. All or most of my free time was spent doingnips that involve little

PRYSICAI EFFOIE ...ttt ettt eeeaeea e e seene e O
B. I sometimes (1 — 2 times last week) did phyldisgngs in my free time

(e.g. played sports, went running, swimming, ikeng, did aerobics) ................ O
C. | often (3 — 4 times last week) did physicahgs in my free time ...................... O
D. | quite often (5 — 6 times last week) did plogdithings in my free time ......... O
E. | very often (7 or more times last week) diggibal things in my free time.......... O

9. Mark how often you did physical activity (likdaging sports, games, doing dance, or any
other physical activity) for each day last week.

Little Very
None bit  Medium Often often
MoNday ......c.coeevevreennnn O O O O O
Tuesday .......cccoevveeuene. O O O O O
Wednesday .................... O O O O O
Thursday .......ccccevevnnnee. O O O O O
Friday ....ocooveveeeeeeeeeeene O O O O O
Saturday ........ccceeveevenennn. O O O O O
SUNAAY ..o O O O O O

10. Were you sick last week, or did anything préwswou from doing your normal physical
activities? (Check one.)

If Yes, what prevented you?
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Appendix G: OMNI scale

10

8

7 really
tired

very, very
tired

5 tired

3 getting more

2 tired

1 alittle
0 tired
not tired
atall
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Measured VO2max (mllg/min)

Measuwred VO2max (mlkg/min)

Appendix H: Scatter Plots of Measured and Estimated/Ozmax

from Quarter-mile Models 1 to 8
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MMeasuwred VO2max (mlkgimin)
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Appendix |: Half-mile and One-mile Multiple Regresson Models (£' session data)

Table 11

Half-mile Multiple Regression Models to EstimateMQml-kg'-min®) (n=57)
Variable Model 1 Model 2 Model 3 Model 4

Intercept 69.704 68.193 91.330 83.096

Weight (Ib) -0.144* -0.145* -0.159* -0.169*

Gender 3.814* 3.844* 2.960* 3.086*

Time (min) -2.332* -2.258* -3.482* -3.086*

HR (b-mir) -0.007 - -0.043 -

30-Day PAR 1.25€ 1.27% - -

R 91 91 .87 .87

R? .82 .82 7€ 7€

SEE(ml-kg*-min™) 4.01 4.01 4.59 4.64

z 77 79 71 72
SEE, (ml-kg*-min*) 4.45 4.31 5.02 4.92

Note Gender: 0 = girl, 1 = boy; HR, heart raBEE standard error of estimat®;” andSEE,
are PRESS and PRESSSEErespectively; p < .05, statistically significant variable for

prediction
Table 12
Half-mile Multiple Regression Models to EstimateMQ(ml-kg!-min) (n = 57)
Variable Model 5 Model 6 Model 7 Model 8

Intercept 84.964 65.103 117.588 90.062
Weight (Ib) - - - -
Gender 5.082* 5.688* 4.075* 4.912*
Time (min) -5.005* -4.289* -7.020* -6.320*
HR (b-mir™) -0.08¢ - -0.150* -
30-Day PAR 1.69% 1.997% - -
R .8C 78 72 .6€
R .64 61 53 A4
SEE(ml-kg*-min™) 5.69 5.89 6.46 7.05

z .56 55 45 .37
SEE, (ml-kg*-min™) 6.21 6.29 6.91 7.39

Note Gender: 0 = girl, 1 = boy; HR, heart raBEE standard error of estimat®;” andSEE,
are PRES$® and PRESSSEErespectively; p < .05, statistically significant variable for

prediction
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Table I3
One-mile Multiple Regression Models to EstimateM@ml-kg"min?) (n=57)

Variable Model 1 Model 2 Model 3 Model 4
Intercept 68.610 66.459 86.500 80.615
Weight (Ib) -0.143* -0.145* -0.165* -0.171*
Gender 3.916* 3.945* 3.143* 3.208*
Time (min) -1.066* -1.005* -1.520* -1.352*
HR (b-mir) -0.009 - -0.026 -
30-Day PAR 1.278* 1.290* - -

R 91 91 .87 .87
R? .82 .82 7€ 7€
SEE(mI-kg™*-min™) 401 4.1¢ 4.64 466
Ry’ 77 7 71 72
SEE, (ml-kg*-min*) 4.43 4.31 5.05 4.94

Note Gender: 0 = girl, 1 = boy; HR, heart raBEE standard error of estimate;” andSEE,
are PRES® and PRESSSEErespectively; p < .05, statistically significant variable for
prediction

Table 14
One-mile Multiple Regression Models to EstimateM@ml-kg*min?) (n=57)
Variable Model 5 Model 6 Model 7 Model 8

Intercept 81.298 61.510 111.796 84.891
Weight (Ib) - - - -
Gender 5.404* 5.892* 4.554* 5.200*
Time (min) -2.334* -1.897* -3.324* -2.785*
HR (b-min') -0.080 - -0.123* -
30- Day PAR 1.842* 2.039* - -
R .8C 78 71 .6E
R .64 .61 5C 42
SEE(mI-kg™*-min™) 5.6¢ 5.9( 6.68 7.12

z .56 .54 42 .36
SEE, (ml-kg*-min*) 6.20 6.30 7.12 7.47

Note Gender: 0 = girl, 1 = boy; HR, heart raBEE standard error of estimate;” andSEE,
are PRES®’ and PRESSSEErespectively; p < .05, statistically significant variable for
prediction
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Appendix J: Quarter-mile, Half-mile, and One-mile Multiple Regression

Models (2" session data)

Table J1
Quarter-mile Multiple Regression Models to EStimé@ma(ml-kg'-mir') (n = 59
Variable Model 1 Model 2 Model 3 Model 4

Intercept 71.592 66.472 85.295 75.450
Weight (Ib) -0.146* -0.151* -0.143* -0.156*
Gender 3.217* 3.278* 3.050* 3.166*
Time (min’ -4.104° -3.599° -5.716° -4.810°
HR (b-mir™) -0.02¢ - -0.05:¢ -
3C-Day PAR 0.776* 0.850* - -
R .90 .90 .89 .88
R 81 81 .79 .78
SEE(ml-kg*-min™) 4.38 4.40 4.57 4.66

z .75 .76 74 74
SEE, (ml-kg"-min*) 4.93 4.82 5.05 5.02

Note Gender: 0 = girl, 1 = boy; HR, heart raBEE standard error of estimat®;”andSEE,
are PRES® and PRESSSEErespectively; p < .05, statistically significant variable for
prediction

Table J2
Quarter-mile Multiple Regression Models to Estimd@max(m!-kg*-min?) (n = 59
Variable Model5 Model 6 Model 7 Model 8
Intercept 99.945 70.515 110.293 82.412
Weight (Ib) - - - -
Gende 4,284 5.003* 4.135° 4.926°
Time (min’ -11.21% -9.445° -12.370° -11.260°
HR (b-mir™) -0.139’ - -0.160* -
30-Day PAR 0.610 1.102* - -
R .79 .76 .79 73
R .63 .58 62 .54
SEE(ml-kg*-min™) 6.06 6.51 6.15 6.81
z .56 51 .56 48
SEE, (ml-kg*-min*) 6.57 6.91 6.55 7.11

Note Gender: 0 = girl, 1 = boy; HR, heart raREE standard error of estimat®;”andSEE,
are PRES® and PRESSSEErespectively; p < .05, statistically significant variable for
prediction
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Table J3
Half-mile Multiple Regression Models to Estimate;¥g(ml-kg'-min?) (n = 58

Variable Model 1 Model 2 Model 3 Model 4
Intercept 80.126 70.619 92.644 79.605
Weight (Ib) -0.152* -0.161* -0.150* -0.167*
Gender 3.194* 3.305* 3.049* 3.202*
Time (min) -2.631* -2.161* -3.353* -2.759*
HR (b-min') -0.041 - -0.070 -
30-Day PAR 0.648 0.806* - -

R .89 .89 .88 .87

R? 7¢ 7¢ 7€ 7€
SEE(mI-kg™*-min™) 427 432 440 456

Ry 74 75 72 72
SEE, (ml-kg*-min*) 4.76 4.67 4.77 4.83

Note Gender: 0 = girl, 1 = boy; HR, heart raBEE standard error of estimate;” andSEE,
are PRES® and PRESSSEErespectively; p < .05, statistically significant variable for
prediction

Table J4
Half-mile Multiple Regression Models to EstimateMQ(ml-kg!-min?) (n = 58
Variable Model 5 Model 6 Model 7 Model 8
Intercept 103.690 69.073 113.733 82.313
Weight (Ib) - - - -
Gender 4.227* 4.951* 4.098* 4.896*
Time (min) -5.703* -4.458* -6.266* -5.480*
HR (b-min') -0.149* - -0.171* -
30-Day PAR 0.530 1.174* - -
R 7€ 71 75 67
R? 57 5C 57 A4E
SEE(mI-kg™*-min™) 6.0¢ 6.5¢ 6.16 6.9¢

z 48 42 49 .38
SEE, (ml-kg*-min*) 6.70 7.05 6.63 7.30

Note Gender: 0 = girl, 1 = boy; HR, heart raBEE standard error of estimate;” andSEE,
are PRES®’ and PRESSSEErespectively; p < .05, statistically significant variable for
prediction
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Table J5
One-mile Multiple Regression Models to EstimateM@ml-kg"min?) (n= 59

Variable Model 1 Model 2 Model 3 Model 4
Intercept 74.092 70.586 88.467 80.006
Weight (Ib) -0.159* -0.161* -0.159* -0.168*
Gender 3.098* 3.136* 2.898* 2.979*
Time (min) -1.139* -1.061* -1.539* -1.370*
HR (b-min') -0.015 - -0.046 -
30-Day PAR 0.774* 0.835* - -

R .89 .89 .87 .87

R? 7€ 78 7€ 7€
SEE(mI-kg™*-min™) 4.34 435 454 461

Ry’ 72 .74 72 72
SEE, (ml-kg*-min*) 4.81 4.71 4.89 4.88

Note Gender: 0 = girl, 1 = boy; HR, heart raBEE standard error of estimate;” andSEE,
are PRES® and PRESSSEErespectively; p < .05, statistically significant variable for
prediction

Table J6
One-mile Multiple Regression Models to EstimateM@ml-kg*min?) (n= 58
Variable Model 5 Model 6 Model 7 Model 8
Intercept 91.682 70.487 106.637 84.277
Weight (Ib) - - - -
Gender 4.207* 4.570* 4.003* 4.427*
Time (min) -2.642* -2.277* -3.060* -2.804*
HR (b-min') -0.092 - -0.124* -
30-Day PAR 0.803 1.200* - -
R el 71 71 .67
R 52 5C 51 44
SEE(mI-kg™*-min™) 6.4C 6.60 6.54 6.97

z 44 42 A4 .38
SEE, (ml-kg*-min*) 6.94 7.06 6.94 7.31

Note Gender: 0 = girl, 1 = boy; HR, heart raBEE standard error of estimate;” andSEE,
are PRES®’ and PRESSSEErespectively; p < .05, statistically significant variable for
prediction
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