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Development of New Criterion-Referenced
Fitness Standards in the
FITNESSGRAM® Program

Rationale and Conceptual Overview

Gregory J. Welk, PhD, Scott B. Going, PhD,
James R. Morrow Jr, PhD, Marilu D. Meredith, EdD
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Fitness testing is a common, if not characteristic,
component of most physical education (PE) pro-
grams.1,2 The FITNESSGRAM® youth fıtness pro-

gram has been widely used in school-based physical edu-
cation programming to facilitate the collection and
processing of youth fıtness and physical activity data.3

The FITNESSGRAM program provides teachers with a
battery of validated fıeld-based fıtness and activity assess-
ments to facilitate effective physical education program-
ming.4 Appropriate uses of fıtness and activity assess-
ents include teaching self-monitoring skills, promoting
ducational outcomes, providing personalized informa-
ion about levels of health-related fıtness/activity, and
ssisting in evaluating school-level outcomes over time
for tracking or curricular assessment).5

A recent supplement in Measurement in Exercise Sci-
ence and Physical Education outlined the many advan-
tages of school-based fıtness testing when conducted in
an educationally, pedagogically, and motivationally
sound manner.6 Mahar and Rowe7 described the impor-
tance of using valid and reliable assessments and how the
context and purpose of testing influence the way it is
perceived by students and parents. Silverman and col-
leagues8 described the pedagogic value of fıtness testing
nd how it can be conducted most effectively to promote
hysical education learning outcomes. Wiersma and
herman9 emphasized the psychological aspects of fıtness
esting and how it can be set up to emphasize positive
xperiences such as maximizing effort, enjoyment, and
otivation. Welk10 discussed the value of coordinated

fıtness and activity assessments and how the information
can help youth establish lifelong patterns of physical ac-
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ivity. The importanceandvalueof standardized testingwas
lso summarized more recently by Morrow and Ede.11 Al-
though there has been some debate in the fıeld, the consen-
sus is that youth fıtness testing can provide valuable infor-
mation if used properly within a quality physical education
program.
A unique advantage of the FITNESSGRAMprogram

for coordinated fıtness testing is the use of criterion-
referenced (CR) standards that reflect how fıt children
need to be to receive health benefıts.3 Another unique
dvantage of FITNESSGRAM is that it enables teach-
rs to produce personalized reports that provide infor-
ation about the child’s level of health-related fıtness
nd suggestions to improve his/her fıtness profıle. The dis-
ribution of fıtness reports can help educate both children
nd parents about health-related fıtness and promote in-
olvement in physical activity. Thus, FITNESSGRAM is
ositioned to both assess and promote physical fıtness in
outh.
In recent years, many large districts and several states
ave adopted requirements for coordinated youth fıtness
esting with FITNESSGRAM.11 California has had legis-
lation since 2003, Texas passed legislation, and Georgia
recently announced a plan for coordinated state-level
testing. Many other states have also implemented plans
for more-coordinated fıtness testing. These mandates
have been driven, in part, by the increased public health
attention on childhood obesity. Schools have not been
implicated as a “cause” of the epidemic; they are clearly
viewed as being a critical part of the solution. This is due
primarily to the ability to reach and influence large num-
bers of children in a comprehensive and systematic way.
At a broader level, the coordinated tracking of data with
FITNESSGRAMprovides a way for districts and states to
evaluate curricular changes designed to promote physical
activity and prevent obesity. It also enables tracking of
overall trends in the population. These broader applica-
tions are appropriate uses of FITNESSGRAMdata5; how-
ver, they place emphasis on different attributes or char-

cteristics of youth fıtness testing.
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The transition to larger adoptions has shifted emphasis
from awareness/educational applications toward aggre-
gate school-, district-, and state-level reporting. The visi-
bility of these aggregate reports (and the implications of
the fındings) place greater emphasis on the validity of the
standards. One key issue is whether age- and gender-
related trends in fıtness are indicative of actual differ-
ences in health-related risks. The FITNESSGRAM stan-
dards are age- and gender-specifıc, but if they are used for
population surveillance, it is important to ensure that
standards reflect actual changes in health-related risk.
Another key issue is with classifıcation agreement since
the FITNESSGRAMprogramprovides teachers with sev-
eral options for assessing both cardiovascular fıtness and
body composition. The availability of multiple options
for evaluating fıtness is important for teachers and
schools, but it can present challenges when data are used
to evaluate patterns or trends in the population. Achieve-
ment levels need to be matched to ensure comparability
across schools regardless of the tests used. Some illustra-
tions of these issues are summarized in the following text
to demonstrate the challenges and issues associated with
the interpretation of aggregated fıtness data.
In Texas, teachers were required by Senate Bill 530 to

complete an assessment of health-related fıtness but had
choices about which test item to use. Schools were re-
quired to submit their results to the state, and these data
were used to report levels of health-related fıtness in the
population. A comprehensive research supplement was
recently released summarizing results from this project.12

A main outcome of interest to the state was the percent-
age of students who couldmeet the various health-related
standards. Clear gender- and age-related patterns were
evident in the cardiovascular fıtness results, with girls
having higher levels of achievement than boys for most
ages.13 The patterns indicate that health-related fıtness
eclines with age but also suggest that girls have higher
evels of health-related fıtness than boys. Although this
ay be true, it may also be an artifact of the age- and
ender-specifıc standards used to evaluate the data. The
sychometric properties of the FITNESSGRAM tests
ave beenwell established,14 but few studies have directly

evaluated the utility of the health-related standards re-
lated to risks for chronic disease.
Another observation from the Texas Youth Fitness

study was that there were differences in achievement
depending on the fıtness test item selected.13 For cardio-
ascular fıtness, teachers can choose from themile run or
he Progressive Aerobic Cardiovascular Endurance Run
PACER) test. The PACER test is the recommended test
ue to themore standardized and objectivemethodology,
edagogic utility, psychological advantages, and the

uilt-in pacing; however, many schools use the mile run
ue to familiarity with the assessment or to provide a
nique (performance-based) challenge for the students.
he mile run and the PACER test are processed using the
ame health-related standard, but a comparison of results
emonstrated clear age and gender differences in
chievement depending on what test items were used.
chievement levels were considerably higher for young
irls than young boys on the PACER, but this pattern was
ot evident with the mile run. Although it is possible that
his could be due to testing effects or motivation issues, it
ay also reflect differences in the ways that the tests are
cored and processed. Both tests have been shown to have
ood reliability and validity,14 but it is possible that clas-
sifıcation agreement can still be limited.
The examples just described illustrate issues that

needed to be examined and/or resolved with the
FITNESSGRAM aerobic fıtness assessments. Other evi-
dence revealed potential discrepancies in the body com-
position assessments. The body fat standards were estab-
lished based on associated health risks with excess
fatness,15 and BMI standards were established to corre-
pond to these values. However, the values yielded some
nique age-related patterns. For some ages, the FIT-
ESSGRAM standards were higher than the CDC per-
entile norms, but for other ages, they were lower. This
reated confusion when schools compared FITNESS-
RAM results to data processed using the widely used
DC body composition standards. The FITNESSGRAM
tandards were not developed to correspond to CDC
ercentile standards, but it was important to re-evaluate
he predictive utility of the body fat standards and corre-
ponding risks associated with BMI.
The FITNESSGRAM Scientifıc Advisory Board dis-

ussed these issues and initiated a process to re-evaluate
nd redevelop the FITNESSGRAM standards for aerobic
ıtness and body composition. The papers in this supple-
ent16–25 summarize the process and evidence used to

establish new FITNESSGRAM standards. A brief history
of fıtness testing and fıtness standards provides valuable
context for the transition to (and importance of) health-
related standards. This is followed by brief descriptions of
the individual papers.

Background on Fitness Standards and
Overview of Supplement
Early fıtness tests grew out of a concern formilitary prepared-
ness.2Not surprisingly, they emphasizedperformance-related
traits such as speed, agility, and muscular strength. Al-
though of some interest, some tests of athletic fıtness do
not necessarily relate to health. Recognition of this fact,
coupled with concern that many apparently healthy chil-

dren could not pass some tests, led to interests in tests
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focused on health.3 By the 1980s, obesity was on the rise,
and there was increasing evidence that excess adiposity
and low levels of aerobic fıtness signifıcantly predicted
chronic disease risk. It was about this time that health-
related tests began to be adopted with items that assessed
body composition, aerobic endurance, and lower-back
flexibility, all considered important public health
concerns.2,26

Tests require evaluative standards, and two main ap-
proaches have been used for setting youth fıtness stan-
dards (norm-referenced and CR). Tests of athletic/
performance fıtness are usually norm-referenced, with
standards based on population distributions of scores on
the item of interest. A limitation is that passage is depen-
dent on one’s performance relative to the group (e.g., a
score above a predetermined percentile, such as the 85th
percentile of the population). Percentile-based standards
predetermine passing levels, which remain constant, even
when the population distribution shifts. Defıning child
and adolescent obesity, for example, as the age- and
gender-specifıc BMI �95th percentile sets obesity preva-
ence at 5%. Reports of a pediatric obesity epidemic, with
revalence at 15%–20%, are confusing, unless it is made
lear that the standards are based on BMI distributions
rom past surveys conducted before the current assess-
ent.27 Unlike a norm-referenced standard, a CR
tandard is set based on how the score relates to an
ppropriate reference value or criterion. In the case of
ıtness tests, the standards are typically referenced to
n appropriate health indicator.
Health-related (CR) standards were introduced by
ITNESSGRAM in 1987. These standards established a
ingle standard for each test item. Scores above the cutoff
ere classifıed as acceptable; no label was associated with
cores below the cutoff. The cut-off points were based on
mpirical data, normative data, and the professional
udgment of an advisory council.28 Theywere intended to
set aminimum level of performance on each test item that
was consistent with good health (minimal disease risk)
and adequate function (the ability to conduct tasks of
daily life) independent of the population tested or the
proportion of the population that meets the standard.
The FITNESSGRAM CR standards were the fırst for
youth fıtness that were put into widespread national and
international use. In 1992, the concept of a fıtness zone
replaced the notion of a single cut-off score. Results since
1992 have been evaluated as either in the needs improve-
ment zone (NIZ) or in or above the healthy fıtness zone
(HFZ). The goal for all participants was achievement of
HFZ, but it was recognized that scores higher than the
upper limit of HFZ were attainable and healthy, with the

possible exception of excessive leanness.

ctober 2011
Criterion-referenced standards for health-related fıt-
ness require criterion and fıeld test items that relate to
health status and function. They also require scores that
are responsive to health status and physical activity. The
reliability and validity must be established for both the fıeld
tests and the CR standards. Available physiologic and psy-
chometric research on each item in the FITNESSGRAM
battery was fırst presented in 1994 and updated in 2003
and 2008.14 These standards have served the program
well, but advances in new statistical methods and the
availability of new data sets provide opportunities to re-
examine some of the FITNESSGRAM youth fıtness stan-
dards and their utility as appropriate fıeld-based indica-
tors of health risk.
Although the FITNESSGRAM program provides as-

sessments for a variety of dimensions of health-related
fıtness, the research in this supplement addressed only
body composition and aerobic fıtness since these two
dimensions of fıtness have more established links with
health and are of greater public health interest. The article
in the supplement byZhu et al.16 reviews issues associated
with setting standards and the various statistical method-
ologies that have been used to establish standards. The
paper in this supplement by Going and colleagues17 illus-
rates the associations of chronic disease risk factors with
xcess body fat and provides a foundation for establishing
n appropriate indicator of health risk for youth. Associ-
tions among various risk factors are complex, so a com-
on approach has been to examine health status using
omposite indicators of metabolic syndrome. Age- and
ender-specifıc levels of risk have been established using
ationally representative data, and standardized defıni-
ions of metabolic syndrome have been established for
etermining the presence of metabolic syndrome in ado-
escents.29 Although other indicators and coding strate-
gies are possible the presence of metabolic syndrome was
selected as the criterion against which standards for body
composition and aerobic fıtness were derived.
When the original FITNESSGRAMstandardswere de-

veloped, clinical data linking fıtness with health were
lacking. Data sets with clinical outcomes are now more
common. The analyses presented in this supplement
were conducted using data from the National Health and
Nutrition Examination Survey (NHANES), a nationally
representative sample with assessments of body compo-
sition, fıtness, and risk factors. A strength of the analyses
presented herein is the use of the same nationally repre-
sentative data set to derive the newbody composition and
aerobic fıtness standards.
Another unique aspect of the standards is that they

were developed using a well-refıned empirical methodol-
ogy that included the use of LMS (L�skewness, M�

median, and S�coeffıcient of variation) curves and re-
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ceiver operating characteristic (ROC) curves. The use of
LMS curves provides a way to account for growth and
maturation. In this supplement, the article by Laurson et
al.18 established growth centiles for body fatness, and the
rticle by Eisenmann and colleagues21 establishes growth
centiles for cardiovascular fıtness. The LMS parameters
provided a way to standardize fıtness levels across the
developmental transition from ages 12 to 18 years. The
ROCmethodology was used to determine levels of fıtness
that are indicative of increased risk of metabolic syn-
drome in this age group. The paper by Laurson et
al.19reports on the process used to establish standards for
body fatness, and the paper by Welk et al.22provides a
imilar report on the development of standards for aero-
ic fıtness. These methods provide an empirically sound
pproach for establishing health-related standards since
he sensitivity and specifıcity of the standards can be
irectly examined.
As described in the previous text, it is also important to

nsure good classifıcation agreement for alternative fıeld-
ased assessments. Body composition can be assessed
sing estimates of body fatness or BMI, but it is important
or youth to be classifıed similarly on both assessments.
he paper by Laurson et al.20 describes the use of ROC

curves to create BMI standards that correspond to the
standards established for body fatness. Although these
BMI standards are not intended to match the existing
percentile standards used by the CDC, they are not dis-
similar. The empirical linkage to body fatness is method-
ologically more defensible than percentile standards,
given the inherent limitations of BMI.
The two primary assessments of aerobic fıtness are the

PACER test and the mile run, and several approaches
were considered for improving classifıcation agreement
between these assessments. The paper by Mahar et al.23

reports on new PACER prediction equations that were
developed with larger samples and more robust methods
than the prediction equation previously used in the pro-
gram.30 A consideration in the process was the inclusion
f a BMI term to improve predictive accuracy. The Cure-
on equation31 used to process the mile run includes a
BMI term to improve the predictive accuracy of the test,
and Mahar et al.23 demonstrated that the inclusion of
BMI also improves accuracy with the PACER. Another
approach that was considered to improve classifıcation
agreement was the test-equating methodology recently
proposed by Zhu et al.32 to link PACER scores to esti-
mated mile-run time. The paper in the supplement by
Boiarskaia et al.24 directly compared the test-equating
ethodology with the various PACER equations. The
aper provided good support for the test-equating ap-
roach, and this was ultimately selected for use in the

ITNESSGRAM program to improve classifıcation
greement. There are many issues involved in the
efınement of the standards, but the broader use of
ITNESSGRAM in school-, district-, and state-level re-
orting placed a premiumon ensuring good classifıcation
greement.
The various papers in the supplement each contributed
nique information, and collectively, this information pro-
ides empirical justifıcation for the new FITNESSGRAM
tandards.33 The new standards provide a clear resolution
to some lingering inconsistencies in past standards while
providing a stronger scientifıc basis for evaluating health-
related fıtness in youth. For example, the past body com-
position standards were static; that is, the same gender-
specifıc cut offwas used across ages 6–18 years. The use of
LMS curves enabled the creation of standards that reflect
gender differences as well as normal changes in growth
and maturation.
A unique aspect of the new ROC-derived standards is

that two separate thresholds were established. This cre-
ated three distinct zones, a new HFZ, and two different
NIZs (one labeled “some risk” and one labeled “higher
risk”). The past dichotomous categorization (HFZ and
NIZ) was limited, since there is not much difference
among youth who happen to have scores that lie close to
the standard on either side of the threshold. The use of
three zones enables more effective and prescriptive mes-
sages to youth and their parents since the zones are based
on clear differences in sensitivity and specifıcity. Children
in theNIZ–higher risk receivemessages warning them of
potential risk if they continue tracking at that level. This is
defensible since the strong specifıcity values reduce the
risk of misclassifying students. Children in the HFZ
would receive messages indicating that they likely have
suffıcient fıtness for health, and this is justifıed by the high
sensitivity for this cut point. Children in the NIZ–some
risk receive a message that they are close to the higher-
risk zone and that they should strive to move into the
HFZ.
The transition to new standards has implications for

schools, teachers, parents, and children, as well as public
health and pediatric researchers. It is important to fully
understand the effects of the new standards on fıtness
classifıcation and on classifıcation agreement. The fınal
paper in the supplement25 used data from a large number
of students in elementary, middle, and high school to
directly compare the old standards to the newly devel-
oped ones. This concluding paper provides a way to ex-
amine the impact of the changes for school-based fıtness
reporting.
Setting CR standards for fıtness is an extremely diffı-

cult task, and it is especially challenging in youth. This is
because health risks are not easily detected in this age

group and because of the inherent complexities resulting
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from growth and maturation. It is truly a bit of science
and a bit of art. The availability of national data and the
increasing sophistication of new analytic techniques
warranted a systematic evaluation of the previous
FITNESSGRAM standards and the development of these
more refıned ones. The articles in this supplement provide
documentationof the steps takenandtheresultingdecisions
about the new FITNESSGRAM health-related, CR stan-
dards for body composition and aerobic fıtness.

Publication of this article was supported by The Cooper Insti-
tute through a philanthropic gift from Lyda Hill.
No fınancial disclosures were reported by the authors of this

paper.
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