Field Evaluation of the New FITNESSGRAM®
Criterion-Referenced Standards
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Background: The Cooper Institute established new criterion-referenced standards for the body
composition and cardiovascular fıtness standards for the FITNESSGRAM® program.
Purpose: The purpose of this study was to evaluate differences in the achievement of standards and
classifıcation agreement between the old and new standards.
Methods: Fitness data were collected during the 2009 –2010 school year from 1686 youth (grades
3–12) from six schools (two districts) in a small Midwestern town. Data analyses were completed
during the 2010 and 2011 school year. Descriptive statistics were computed to determine the
percentage of students classifıed into the various fıtness classifıcations using both the old and new
standards. Classifıcation agreement was examined for alternative tests of cardiovascular fıtness
(Progressive Aerobic Cardiovascular Endurance Run [PACER] and 1-mile run) and body composition (skinfold determination of body fat and BMI) using both the old and new standards.
Results: The descriptive results reveal important age and gender differences in reported levels of
fıtness levels in school-aged youth. For body composition, the percentage of youth achieving the
healthy fıtness zone (HFZ) was about 10% lower with the new standards than the old ones. For
aerobic capacity, a larger percentage of young boys and a smaller percentage of older boys achieved
the new HFZ for aerobic capacity. However, a smaller percentage of girls achieved the new HFZ at all
ages. The use of test-equating in the revised standards led to signifıcant improvements in the
classifıcation agreement between 1-mile run and the PACER.
Conclusions: The large data set provided a useful sample to examine the impact of the new fıtness
standards on the documentation of youth fıtness levels in schools. The new standards address a
number of measurement issues with the old standards and provide a more appropriate way to
evaluate levels of health-related fıtness in youth.
(Am J Prev Med 2011;41(4S2):S131–S142) © 2011 Published by Elsevier Inc. on behalf of American Journal of
Preventive Medicine.

Introduction

T

he FITNESSGRAM® program has provided
teachers with valid and reliable indicators of
health-related fıtness to use in school-based fıtness assessments.1,2 Although used predominantly for
school-based assessments, the data can have important
value for research and program evaluation. A unique
advantage of the FITNESSGRAM® program is that the
assessments are related to criterion health standards,
based on how fıt youth need to be to achieve health
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benefıts. Research on the health benefıts of physical activity has progressed considerably since the development of
the original standards.3 The advent of new statistical
techniques and the availability of national databases also
provide new opportunities to refıne and improve the
health-related standards. These factors contributed to
the decision to develop new criterion-referenced standards for body composition and aerobic capacity in
FITNESSGRAM.4
The sequential articles5–9 in this supplement to the
American Journal of Preventive Medicine provide documentation of the steps taken to establish and evaluate the
new standards,1 but a brief summary is appropriate. The
standards were developed with the same nationally representative data set (National Health and Nutrition Examination Survey [NHANES]) and were based on the
same health criterion (metabolic syndrome). They were
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also developed using the same empirical methodology:
the linked usage of LMS (L⫽skewness, M⫽median, and
S⫽coeffıcient of variation) curves and receiver operating
characteristic (ROC) curves. The LMS procedures established age- and gender-specifıc centiles for body fatness5
and cardiovascular fıtness.6 The use of ROC curves, in
turn, provided an empirical way to establish healthrelated standards (based on risk for development of
metabolic syndrome). A unique advantage of the
methodology is that the fıtness variable in the ROC
analyses was a z-score derived using the LMS parameters. This made it possible to take normal growth and
maturation into account when establishing the healthrelated standards for both body composition7 and cardiovascular fıtness.8 Another advantage of this approach is that messages can accurately warn of
potential health implications if levels of fıtness or fatness continue to “track” at the same level. These types
of warning statements are defensible because the standards (developed using LMS) values reflect the same
centile value across different ages.
Historically, the FITNESSGRAM program has used the
term healthy fıtness zone (HFZ) to denote levels of fıtness
that meet the health-related standards. Students that achieve
the HFZ receive feedback that their level of fıtness is suffıcient for good health whereas students that do not achieve
the HFZ are classifıed into a needs improvement zone
(NIZ). As described in this supplement,7,8 the new standards
were established with three distinct zones. The use of three
zones makes it possible to provide more effective prescriptive messages to youth since more distinct messages can be
delivered. The same basic terminology was used for the new
standards, but the new standards include two different NIZs
(NIZ– higher risk and NIZ–some risk). Children below the
NIZ– higher risk now receive messages warning them of
potential risk if they continue tracking at that level. Children
in the NIZ–some risk would receive a message that they
could reduce potential risks by striving to move into the
HFZ.
The new body composition standards are similar to the
previous standards, which have been largely intact since
the development of the program. However, the new standards differ in some important ways.1 The new body fat
standards take gender- and age-related changes in body
fat deposition into account, whereas the previous standards were static across ages. The associated BMI standards9 track similarly to the commonly used percentile
standards developed by the CDC since both use LMS
procedures to account for growth and maturation (Figure
1). The HFZ and the NIZ are criterion referenced (based
on risk for metabolic syndrome), but the values correspond with the 83rd percentile and 90th percentiles in the
CDC charts, respectively. The percentage of youth classi-

fıed into the NIZ–some risk would be slightly higher than
the percentage classifıed as being overweight or obese by
the CDC standards.
The new cardiovascular fıtness standards follow the
same basic age and gender pattern as the previous standards, but there are some important differences for specifıc age and gender combinations (Figure 2). The standards for young boys are slightly lower (easier), but the
standards for young girls are slightly higher (harder) than
the previous standards. The new standards are now
equivalent for young children, but on the basis of the
thresholds, fewer girls and more boys will achieve the
HFZ. Importantly, the new standards now follow ageand gender-specifıc centiles that take normal growth and
maturation into account. The standards for older boys
and girls trend toward higher values than the previous
standards, theoretically reducing the number of older
youth that will meet the HFZ. These changes would result
in more adolescents in the two NIZs than the previous
standards. The studies in the supplement provide good
justifıcation for the creation of new standards, but research is needed to determine the impact of the new
standards on reported fıtness levels in schools.
Research is also needed to evaluate the new approaches
established to improve classifıcation agreement among
alternative assessments of body composition (body fat
and BMI) and aerobic capacity (Progressive Aerobic Cardiovascular Endurance Run [PACER] and 1-mile run).
For body composition, ROC curves were used to create
age- and gender-specifıc BMI standards from associated
age- and gender-specifıc body fat standards.9 The use of
ROC curves help to maximize classifıcation agreement
between these two different indicators of body composition. For aerobic capacity, a test-equating approach was
used to link PACER scores to estimated 1-mile run
times.10 This approach allowed data from the two tests to
be scored from using the same prediction equation. These
steps were taken to improve classifıcation agreement but
the effects of these approaches on classifıcation agreement have not been directly evaluated in independent
samples.
The primary purpose of this study is to evaluate age
and gender differences in fıtness achievement with the
new FITNESSGRAM standards. Direct comparisons
were made with the previous standards to highlight specifıc
changes in the percentage of children achieving the HFZ.
Comparisons were also made to examine the impact of
employing three feedback zones instead of two. A secondary
purpose was to evaluate classifıcation agreement among alternative assessments of body composition and aerobic capacity. The study capitalized on the availability of a large
data set of school-aged youth that had matching data from
www.ajpmonline.org
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Figure 1. Age-related changes in body fat standards and BMI standards for boys and girls

several aerobic fıtness tests (1-mile run and PACER) along
with estimates of both BMI and body fatness.

Methods

standard part of the normal physical education curriculum for each
school involved in this project. Research collaboration, and the
university’s involvement in the school’s physical education curriculum, was approved by the school board and by the university’s
IRB.

Data Collection
The data for the present study were collected from 1711 participants in 3rd through 12th grade during the 2009 –2010 school year
from two school districts and two private schools in a small Midwestern town. The schools included one elementary school, two
middle schools, and three high schools. Data were collected from
these six schools during normal physical education sessions, with
less than 2 weeks separating the various tests. The standard
FITNESSGRAM protocol was followed to obtain data on healthrelated fıtness in the participants. Emphasis was placed on obtaining indicators of aerobic fıtness and BMI, but data from the complete battery were collected. Graduate research assistants went to
the participating schools and offered assistance to the teachers in
collecting and recording fıtness data. The district has been involved
in ongoing projects with the local university research team, and the
teachers and students were familiar with the FITNESSGRAM fıtness test battery. The use of the FITNESSGRAM fıtness test is a
October 2011

Data Processing
Data from the various fıtness assessments were compiled and examined to test for missing values and outliers. It was important to
have an adequate sample size for each age group, so frequency
distributions were examined by age and gender. The sample included only 10 participants that were aged 10 years, so analyses
were restricted to youth aged 11–18 years. Further evaluation revealed six cases with missing demographic or BMI data and nine
cases with outliers in one of the key fıtness outcomes (z-scores ⱖ3.0
on BMI or aerobic fıtness). These cases were removed leaving a
total sample of 1666 participants.
The data on BMI and body fat are tracked and processed in their
reported units, but the aerobic fıtness data required conversion to
estimates of aerobic capacity. The data from the PACER test were
processed using both the Leger equation11 and with the new test
equating procedure.10 The Leger equation includes terms for age
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quency distributions for fıtness classifıcations from both the old
and the new standards. Descriptive and graphical analyses were
conducted to examine the variability in fıtness classifıcation by age
and gender. These analyses were conducted separately for the two
body composition measures (body fatness and BMI) and the two
aerobic fıtness measures (1-mile run and PACER). The changes in
fıtness allocation were further examined by comparing the relative
distribution into two zones (old standards) and three zones (new
standards). These were examined using stacked bar plots to show
the relative distribution among the three fıtness categories.
Classifıcation agreement among alternative indicators of fıtness
for both body composition and aerobic fıtness were examined
quantitatively with percentage agreement and kappa statistics.13,14
The two separate NIZs in the new standards were combined into
one to allow for direct comparisons with the previous classifıcations of fıtness. Kappa agreement was classifıed as poor if ⬍0.20;
fair if 0.20 – 0.40; moderate if 0.40 – 0.60; good if 0.60 – 0.80; and
very good if 0.80 –1.00.15

Results
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Figure 2. Age-related changes in aerobic capacity standards for boys and girls
but is not gender-specifıc [VO2max ⫽ 31.025 ⫹ (3.238 ⫻ speed) –
(3.248 ⫻ age) ⫹ (0.1536 ⫻ speed ⫻ age)]. The 1-mile run data and
the PACER equated times were converted into estimates of maximal aerobic capacity using the established Cureton 1-mile run
equation,12 This equation includes terms for age (yr), gender (F⫽0;
M⫽1), 1-mile run time, and BMI [VO2max (mL/kg/min) ⫽ (– 8.41
⫻ min) ⫹ (0.34 ⫻ min2) ⫹ (0.21 ⫻ (age ⫻ gender) – (0.84 ⫻ BMI)
⫹ 108.94]. The individual fıtness scores were then processed using
both the old and new FITNESSGRAM standards. Individual data
were coded into the specifıc fıtness categories for each set of
standards.

Data Analyses
Data analysis was conducted during the 2010 and 2011 school year.
Descriptive analyses were performed to examine age and gender
differences in body composition and aerobic capacity in the sample. Two-way (age X gender) ANOVAs were used to test for differences in fıtness achievement in the sample. Post hoc analyses (with
Tukey adjustments) were conducted to examine specifıc age X
gender differences.
The impact of the new FITNESSGRAM standards on observed
school-level fıtness achievement was examined by comparing fre-

The fınal sample included 1666 youth aged 11–18 years
(911 boys and 755 girls). Descriptive statistics for body
composition tests are provided in Table 1. The analyses
indicated a trend for higher BMI levels with age in both
boys and girls. The analyses across groups indicated there
were no differences between boys and girls in measured
BMI (Mboys– girls⫽ – 0.25⫾0.28, F(1, 1670)⫽0.78,
p⫽0.379). Age- and gender-matched comparisons revealed a tendency for higher BMI values for girls, but
there were no signifıcant differences (p⬎0.05). The other
indicator of body composition used by FITNESSGRAM
(percent body fat) exhibited a different trend. In boys,
percent body fat scores decreased from age 11 years to
age 13 years but then remained stable through age 17
years. In girls, body fat levels tended to increase with
age. The analyses across groups indicated there were
signifıcant differences between boys and girls in percent body fat (Mboys– girls⫽ –10.79⫾0.61, F(1,
1670)⫽314.28, p⬍0.001). Age- and gender-matched
comparisons suggested that percent body fat values
were signifıcantly higher in girls at all ages (p⬍0.05).
Descriptive statistics for aerobic fıtness tests are provided in Table 2. Analyses revealed general increases in
levels of fıtness from age 11 years until age 15 years, but
the changes were more dramatic in boys. Levels of fıtness
tended to stabilize or decline thereafter until age 18 years.
The analyses across groups indicated that boys performed the 1-mile run test signifıcantly faster than girls
(Mboys– girls⫽ –1.64⫾0.16 minutes, F(1, 1670)⫽105.55,
p⬍0.001). Boys also completed a greater number of laps
on the PACER test (Mboys– girls⫽18.80⫾1.16, F(1,
1670)⫽263.28, p⬍0.001). Gender differences in absolute
performance were consistent across age and were significant for ages 13, 15, 16, and 17 years in the 1-mile run test
www.ajpmonline.org
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Table 1. Gender differences in BMI and body fat by age and gender, n (M ⫾ SD)
Boys

Girls

Total

11

133 (19.63⫾4.36)

133 (20.52⫾5.05)

266 (20.07⫾4.73)

12

164 (20.20⫾4.85)

169 (21.25⫾4.87)

333 (20.73⫾4.88)

13

187 (20.51⫾4.12)

173 (21.24⫾4.68)

360 (20.86⫾4.40)

14

120 (21.40⫾4.77)

91 (21.37⫾3.70)

211 (21.39⫾4.33)

15

73 (22.05⫾4.22)

62 (21.51⫾3.91)

135 (21.81⫾4.07)

16

98 (22.95⫾4.16)

68 (23.47⫾5.55)

166 (23.16⫾4.77)

17

101 (23.84⫾4.72)

65 (22.72⫾4.25)

166 (23.40⫾4.56)

18

35 (24.56⫾6.79)

14 (25.05⫾6.23)

49 (24.70⫾6.57)

11*

133 (18.78⫾9.82)

133 (24.33⫾10.03)

266 (21.55⫾10.29)

12*

164 (16.97⫾9.23)

169 (24.94⫾9.76)

333 (21.02⫾10.30)

13*

185 (15.17⫾7.72)

171 (25.57⫾9.02)

356 (20.17⫾9.84)

14*

119 (14.90⫾9.30)

90 (25.63⫾8.04)

209 (19.52⫾10.25)

15*

65 (13.88⫾7.68)

50 (24.49⫾7.12)

115 (18.50⫾9.10)

16*

88 (14.32⫾6.90)

59 (27.83⫾8.50)

147 (19.74⫾10.06)

17*

93 (13.86⫾6.88)

55 (25.54⫾7.46)

148 (18.20⫾9.07)

18*

30 (16.2⫾10.83)

8 (32.06⫾8.22)

BMI
Age (years)

BODY FAT (%)
Age (years)

38 (19.54⫾12.15)

*Significant difference (M: boys – girls) with p⬍0.05.

and from ages 13 to 18 years with the PACER test
(p⬍0.05).
The fıtness outcome measures were processed using
both the new and previous standards to determine the
impact on fıtness classifıcation. Figure 3 provides a comparison of age-related patterns of fıtness achievement
(percent achieving the HFZ) for body composition, and
Figure 4 provides a similar comparison for aerobic fıtness. In both fıgures, results with the previous standards
are shown on the left, whereas results for the new standards are shown on the right. The top panels compare the
distributions in boys, and the bottom panels compare the
distributions for girls.
For body composition (Figure 3), gender and age differences are noted for the percentage of youth achieving
the HFZ age, with some differences noted between the
two sets of standards. With the old standards, the percentage of boys achieving the HFZ for body fatness increased from around 75% to around 90% and stayed fairly
stable at older ages. With BMI, the percentage achieving
the HFZ ranged from 70% to 80%. The patterns were
similar with the new standards, but the percentage of
October 2011

youth achieving the fıtness standards was about 10%
lower (70%– 80% for body fatness and 60%–70% for
BMI). Similar general patterns were evident for the girls.
The percentage achieving the old body fatness standard
ranged from 70% to 80%, whereas the percentages for the
new standards ranged from 50% to 70%. For BMI, the
percentage achieving the HFZ ranged from 70% to 90%
with the old standard and from approximately 60% to
80% with the new standards.
For aerobic fıtness (Figure 4), there were clear age
and gender patterns, and the relationships were different when comparing results between the old and the
new standards. With the old standards, the percentage
of boys achieving the HFZ on the 1-mile run ranged
from 70% to 80%, whereas values for girls ranged from
80% to 90%. There were no clear age-related patterns
of achievement with the 1-mile run, but there were
large decreases in the percentage of youth achieving
the HFZ with the PACER. In boys, values dropped
from approximately 80% to 30%, and in girls, values
dropped from approximately 98% to 50%. Very different age and gender patterns were evident with the new
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Table 2. Gender differences in 1-mile run and PACER performance by age and gender, n (M ⫾ SD)
Boys

Girls

Total

11

133 (10.08⫾2.22)

133 (10.91⫾2.30)

266 (10.49⫾2.30)

12

164 (10.38⫾2.98)

169 (10.94⫾3.18)

333 (10.66⫾3.09)

13*

187 (9.21⫾2.71)

173 (10.48⫾3.00)

360 (9.82⫾2.92)

14

120 (9.41⫾2.65)

91 (10.71⫾2.51)

211 (9.97⫾2.66)

15*

73 (8.75⫾2.83)

62 (10.46⫾2.15)

135 (9.53⫾2.67)

16*

98 (8.73⫾2.29)

68 (11.18⫾2.30)

166 (9.74⫾2.59)

17*

101 (8.42⫾2.04)

65 (10.44⫾2.21)

166 (9.21⫾2.32)

35 (8.80⫾2.29)

14 (11.76⫾1.71)

49 (9.65⫾2.52)

1-MILE RUN (in minutes)
Age (years)

18
PACER (number of laps)
Age (years)
11

133 (37.65⫾19.94)

133 (29.62⫾15.59)

266 (33.63⫾18.31)

12

164 (36.88⫾20.27)

169 (30.86⫾15.54)

333 (33.83⫾18.25)

13*

187 (44.05⫾21.80)

173 (34.17⫾16.11)

360 (39.31⫾19.87)

14*

120 (49.47⫾22.81)

91 (31.96⫾13.89)

211 (41.91⫾21.28)

15*

73 (61.95⫾26.97)

62 (33.53⫾14.47)

135 (48.90⫾26.23)

16*

98 (57.09⫾23.61)

68 (29.82⫾13.03)

166 (45.92⫾24.03)

17*

101 (57.35⫾21.53)

65 (34.88⫾13.96)

166 (48.55⫾21.85)

18*

35 (54.37⫾20.89)

14 (22.93⫾6.63)

49 (45.39⫾22.96)

*Significant difference (M: boys – girls) with p⬍0.05
PACER, Progressive Aerobic Cardiovascular Endurance Run

standards. The percentage of boys achieving the HFZ
in the 1-mile run ranged from approximately 80% at
younger ages to around 70% during late adolescence.
The pattern reveals a clear age-related decline that was
not clear with the old standards.
The percentage of girls achieving the new 1-mile run
standard increased from 70% to 80% (those aged 15
years) and then down to approximately 60% for older
girls. The percentage of girls achieving the HFZ was consistently higher than boys with the old standards, but this
pattern is reversed with the new standards. The clearer
age-related trends in the new standards suggest that the
percentage of youth at risk for metabolic syndrome increases in late adolescence.
The differences in fıtness classifıcation were also visually examined using stacked bar plots to show the relative
differences in the allocation of youth into three fıtness
zones (compared to two with the old standards). Figure 5
and Figure 6 show the aggregated fıtness classifıcation for
the younger age sample (11–14 years) using both the old
standards (left) and new standards (right). The top panels

compare the distributions in boys, whereas the bottom
panels compare the distributions for girls. With the old
BMI standards, 73.3% of the boys were classifıed in the
HFZ and 26.7% were in the NIZ. When the same sample
was classifıed according to the new standards, the proportion of boys shifted to 63.8% in HFZ, to 12.2% in the
NIZ–some risk, and to 23.9% in the NIZ– higher risk. The
distribution of girls’ BMI in the old standards resulted in
82.8% in the HFZ and 17.2% in the NIZ. The BMI classifıcation based on the new standards shifted the pattern to
65.2% in the HFZ, 12.3% in the NIZ–some risk, and
22.5% in the NIZ– higher risk.
Body fat classifıcation with the old standards resulted
in 81.9% in the HFZ and 18.1% in the NIZ. The body fat
classifıcations based on the new standards resulted in
slightly higher percentage of boys in the HFZ (77.4%),
17.6% in the NIZ–some risk, and 5.1% in the NIZ– higher
risk. For girls, the body fat classifıcation resulted in 79.1%
in the HFZ and 20.9% in the NIZ. After applying the new
standards, there were fewer classifıed into the HFZ
(56.9%) and higher percentages distributed into the NIZs
www.ajpmonline.org
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Figure 3. Gender- and age-related differences in the achievement of healthy fitness zone for body composition
HFZ, healthy fitness zone

(30.1% and 13.0% in the NIZ–some risk and NIZ– higher
risk, respectively). Overall, Figure 5 demonstrates that the
change to three zones essentially allocated the needs improvement category into two distinct needs improvement categories.
Similar results are presented in Figure 6 for aerobic
fıtness, but these plots also provide direct comparisons
among the fıtness classifıcations that would have resulted
if the PACER data were processed with the Leger equation used in the previous standards,11 rather than with the
Zhu test-equating approach,10 With the old 1-mile run
standards, 79.0% of the boys were classifıed in the HFZ
and 21.0% were in the NIZ. When the same sample was
classifıed according to the new standards, the proportion
of boys in the HFZ shifted to 82.5%, with 8.3% in the
NIZ–some risk and 9.2% in the NIZ– higher risk. The
Zhu test-equating approach employed with the new standards yielded very similar distributions (81.0%, 8.9%, and
10.1%, respectively). The respective distributions that
October 2011

would have resulted if the Leger equation was used instead were 73.8%, 13.4%, and 12.8%.
Similar classifıcation agreement was evident with
the plots for girls. With the old 1-mile run standards,
85% of girls were classifıed into the HFZ and 15% were
classifıed into the NIZ. With the new standards, the
distributions changed to 72.9% in the HFZ, 12.5% in
the NIZ–some risk, and 14.7% into the NIZ– higher
risk. The Zhu test-equating approach10 yielded similar
distributions (71.0%, 14.2%, and 14.8%). The values if
the Leger equation was used were 77.3%, 17.3% NIZ–
some risk, and 5.4% into the NIZ– higher risk. Overall,
the classifıcation agreement between the 1-mile run
and the PACER are more similar when the PACER data
are processed with the Zhu test-equating approach.
Classifıcation agreement was empirically evaluated using
kappa statistics and computed classifıcation agreement values. The classifıcation agreement among alternative tests for
body composition varied by age and gender, but improve-
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Figure 4. Gender- and age-related differences in the achievement of healthy fitness zone for aerobic fitness
HFZ, healthy fitness zone; PACER, Progressive Aerobic Cardiovascular Endurance Run

ments in agreement were not evident with the newer standards (Table 3). Agreement among alternative body composition tests using the old standards and the new ones was
different for older youth (kappa⫽0.65 versus 0.45, for
old and new standards, respectively), but results for the
younger sample were similar (kappa⫽0.67 versus 0.64,
for old and new standards, respectively). Agreement
with the new standards was better for girls (kappa⫽0.62)
than for boys (kappa⫽0.55). The results for aerobic fıtness
demonstrated signifıcant improvements in classifıcation
agreement with the new standards. The kappa values with
the old standards ranged from 0.45 to 0.51, and the percentage agreement values were approximately 75%. The kappa
values with the new standards were consistently above 0.78,
with classifıcation agreement exceeding 90%. These results
suggest the importance of the equating approach to improve
the agreement among aerobic fıtness tests.

Discussion
The FITNESSGRAM program recently released new
age- and gender-specifıc, health-related fıtness standards,1 and these values were based on fındings reported in previous papers in this supplement.7,8 Because the program includes several options for each
fıtness component, special consideration was given to
help ensure good classifıcation agreement among the
alternative assessments. For body composition, the
standards were fırst established for health risks associated with excess body fatness. The values from these
analyses were then equated or matched to corresponding BMI values using ROC analyses. For aerobic capacity, the PACER results are now equated to a 1-mile run
time and these values were then processed using the
same equation used to process the 1-mile run data.
www.ajpmonline.org
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Figure 5. Gender-related differences in the achievement of healthy fitness zone for body composition

Because these reflect substantial departures from the
previous standards, it is important to characterize how
the new standards will influence reports of fıtness
achievement in youth.
The body composition results yielded similar overall
patterns, but the percentage of youth classifıed in the HFZ
was lower than with the previous standards. The previous
standards led to less than 10% of youth classifıed into the
NIZ, and this is inconsistent with other national data.
Using the new standards, approximately 20%–30% of
youth are classifıed into the NIZ, and this is more consistent with other data. The results indicated that the percentage of youth classifıed in the HFZ would be slightly
higher for the body fat assessment than the percentage
that would result from the BMI assessment. This pattern
was evident in the older standards as well, so the revised
standards and matching of standards did not seem to
directly improve classifıcation agreement.
October 2011

The kappa values and computed classifıcation agreement values tended to be more favorable for the old
standards compared to the new ones. It is not clear why
this would be the case, because specifıc efforts were made
to help ensure good classifıcation agreement. The previous standards were static across age for body fat but
varied for BMI, so poor classifıcation agreement might be
expected with these standards. The new standards were
developed using ROC curves (to correspond with the
derived health-related fıtness standards) and then linked
with LMS parameters to take growth and maturation into
account. The validation studies for these BMI standards7,9 reported classifıcation agreement values exceeding 90%, so it is hard to reconcile the fındings in this
sample.
The most likely explanation is that different methods were used to estimate percent body fat. The
NHANES estimates used to develop the standards were
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Figure 6. Gender-related differences in the achievement of healthy fitness zone for aerobic fitness

based on skinfolds, whereas the estimates in this study
were obtained from bioelectric impedance analysis
(BIA). The accuracy of some portable BIA devices has
been questioned, so it is possible that the poor agreement is due to error or bias in the estimated body fat
levels—agreement between BMI and body fat can be
good only if the estimates are reasonably accurate. The
present results for body composition should be interpreted with caution until additional research can be
conducted to test these relationships.
The aerobic-capacity results yielded some interesting differences between the old and new standards.
The old standards yielded signifıcant differences in the
percentage of youth achieving the HFZ with the 1-mile
run compared with the PACER. Specifıcally, the results
with the PACER showed large declines in the percentage of youth achieving the standards with age, but this
pattern was not evident for the 1-mile run. This obser-

vation was consistent with previous fındings from a
large statewide study16 but is diffıcult to explain since
the data are processed by the same standards. The
results also indicated that, on average, higher percentages of girls achieved the standards. This is also diffıcult to explain since the consensus in the literature is
that boys tend to be more active than girls, particularly
in later adolescence. The age and gender differences in
the old standards could reflect actual differences in
fıtness and health risk, but they also may be due to the
nature of the standards themselves. These underlying
issues were part of the underlying justifıcation for reexamining the FITNESSGRAM standards.4 The articles in this supplement provided background on the
research used to establish these new standards, and a
key goal in this fınal paper was to evaluate the overall
impact of the new standards on fıtness classifıcation, as
well as on classifıcation agreement.
www.ajpmonline.org
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Table 3. Classification agreement (kappa and %
agreement) of alternative tests for body composition
and aerobic fitness

%BF – BMI

PACER – 1-mile
run

Old

New

Old

New

0.67

0.64

0.45

0.78

89.2

83.7

76.1

92

0.65

0.45

0.51

0.79

90.1

76.6

75.3

91.3

0.63

0.55

0.51

0.80

88.2

81.2

75.9

93.1

0.71

0.62

0.47

0.77

90.9

82.1

75.7

90.3

Age (years)
11–14

15–18

Gender
Boys

Girls

BF, body fat; PACER, Progressive Aerobic Cardiovascular Endurance
Run

The results with the new aerobic-capacity standards
led to some noteworthy differences in the percentages
of youth achieving the standards. In general, a larger
percentage of young boys and a smaller percentage of
older boys achieve the new HFZ. A smaller percentage
of girls achieve the new aerobic-capacity HFZ at all
ages. The absolute changes were relatively small, but
when examined collectively, they lead to important
differences in the pattern of aerobic fıtness achievement. The results show higher percentages of boys
achieving the HFZ, and they reveal a trend to decreasing numbers of children achieving the standards in late
adolescence for both boys and girls. Additional research is needed to evaluate the validity of these new
standards for detecting potential disease risk, but the
results do seem to fıt with prevailing views about levels
of health-related fıtness in youth.
An advantage of the present study is that it provided
a unique perspective on the implications of the adoption of new FITNESSGRAM standards for school leaders, public health offıcials, and researchers. The previous FITNESSGRAM standards had been widely used, so
the decision to develop and adopt new standards was
undertaken only after careful deliberation about the relative advantages and disadvantages of change. Members
of the FITNESSGRAM Scientifıc Advisory Board worked
with the various research groups to consider both the
scientifıc considerations as well as practical considerations about the transition to the new standards.
October 2011
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From a school perspective, it was important to consider the implications of the new standards on reported
levels of fıtness in schools. Schools that have had a
history of tracking changes in the percentage of youth
achieving the HFZ will need to understand the need for
new standards and the implications of the new standards on their past trends. Children and parents would
need to be educated about the differences in results if
their child’s level of fıtness was coded differently in the
old and the new standards. The ability to provide more
prescriptive feedback (three zones rather than two)
and the ability to provide more accurate indicators of
potential health risk contributed to the decision that
the benefıts outweighed confusion regarding the
changes.
The present study provides valuable descriptive information about the changes in fıtness classifıcation
that would result from changes to the new standards
and to evaluate whether classifıcation agreement improved as a result of the specifıc efforts made in this
area. The results show clearly different age and gender
patterns in the percentage of youth using the old and
the new standards. It is not possible to formally evaluate the predictive utility of the new standards on the
present sample since there are no data on potential
health risks. However, the descriptive age and gender
patterns seem more consistent with the consensus
fındings about levels of fıtness and fatness in youth.
Thus, the new standards appear to have resolved some
of the lingering issues that led to the need to revise the
FITNESSGRAM health-related standards.4
The study also provides new information about classifıcation agreement. This was an important consideration in the standards because schools typically have a
choice about what assessments to use to complete their
required or elective fıtness testing. Direct comparisons
were made between the old and the new standards to
determine whether the changes in the standards and
the processing of data led to improved classifıcation
agreement. The results demonstrate no signifıcant improvement in classifıcation agreement for the body
composition measures but considerable improvements with the aerobic fıtness indicators. Additional
work is needed to examine these issues in other samples. The newly developed (empirically derived) fıtness
standards take growth and maturation into account
and provide a sound method for evaluating levels of
health-related fıtness in youth. The transition to the
use of three prescriptive zones for feedback will also
improve the utility of these standards for school-based
activity promotion and for promoting awareness to
parents and clinicians. New research on these stan-
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dards will continue to improve the scientifıc basis for
youth fıtness assessment and promotion.
Publication of this article was supported by The Cooper Institute through a philanthropic gift from Lyda Hill.
No fınancial disclosures were reported by the authors of this
paper.
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