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Preface

This monograph is one element of the final report submitted to the U.S. Department of
Education, Office of Special Education and Rehabilitative Services, for the grant entitled "Project
Target: Criterion-Referenced Physical Fitness Standards for Adolescents with Disabilities.” This
document is designed to be used in concert with the Brockport Physical Fitness Test (BPFT).

The BPFT was developed as part of Project Target and another element of this final report which
appears under separate cover. ‘

The purpose of this technical manual is to document the basis for the selection of test
items and health-related criterion-referenced standards associated with the BPFT. To completely
understand the rationale for the selection of test items and standards, readers should be familiar
with the conceptual framework and health-related concerns and desired fitness profiles discussed
in the BPFT.

Project Target was designed to develop a criterion-referenced health-related test of
physical fitness. In pursuing this goal, it was decided to use the Prudential FITNESSGRAM as
an important reference for test construction. The Prudential FITNESSGRAM was adopted by
AAHPERD as its recommended test of health-related physical fitness for nondisabled youngsters
and was considered to be conceptually consistent with the goals of Project Target. Also '
coordination with the Prudential FITNESSGRAM enhances measurement and evaluation at the
practitioner level. Consequently, much of the rationale for the items and standards recommended
for the general population already has been documented. Readers are referred to The Prudential
FITNESSGRAM Technical Reference Manual for much of this material. Emphasis in this
monograph is placed on the selection of test items and standards for youngsters with disabilities.

- The selection of test items and standards for the BPFT was influenced by years of
previous research in adapted physical activity, data collected on 1,542 youngsters over the life of
Project Target, and the expert opinions of some of the leading professionals in the areas of fitness
and adapted physical activity. We believe the final product represents a good beginning in the
area of health-related criterion-referenced physical fitness testing for youngsters with disabilities.
It is clear, however, that this area is fertile ground for research activity and we hope this technical
manual will serve as a foundation for future work.

Francis X. Short
Joseph P. Winnick
Brockport, NY
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Chapter I
Introductiqn

Since 1980 there have been two imporfant trends in physicai fitness testing. The first was
the distinction between health-related and skill-related fitness with an empbhasis on the
assessment of components of fitness that were health-related fer physical education purposes.
The second trend was to assess student performance against criterion-referenced standards rather
than nonn-referenced standards. Examples of health-related criterion-referenced physical fitness
tests developed and published in the 1980's included the South C}a,ro_lina Physical Fitness Test
(Pate, 1983), the first version of FITNESSGRAM (Cooper Institute for Aerobics Research, 1987)
and AAHPERD's Physical Best (McSwegin, Pemberton, Petray, and Going, 1989). Although
both of the latter tests referred to youngsters with disabilities in the test administration manuals,
the criterion-referenced standards associated with these tests were cleaﬂy developed for
nondisabled populations. As stated m the Physical Best manual, "Uﬁfoﬁmately, there is not
el;ough objective information on the health and ﬁtnese status of many handicapped individuals;
therefore, it is difficult to provide specific standards and-guidelines" (McSwegin, et al, 1989, p.
23). Project Target attempted to address the need for criterion-referenced standards appropriate
for youngsters with disabilities.

Project Target was a federally-funded research study designed to establish and validate
health-related criterion-referenced physical fitness test items and standards for youngsters (aged
10-17) with selected disabilities. The disébility groups included in the study were mental
retardatioh with mild limitatioes in fitness (MR), visual impairments (blindness) (VT), cerebral

palsy (CP), spinal cord injury (SCI), and congenital anomaly/amputation (CA/A). Participants
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with CP were sub-éldésiﬁed in éccdfd with the eight-class (C1-C8) system used by the Cerebral
Palsy International Sport and Recreation Association (Cf-ISRA, 1993). SCI was sub-classified
based on level of lesion and mobility mefhod. Sub-classes of SCI included low level
quédriplegi_a (LLQ), paraplegia-wheelchair (PW), and paraplegia-ambulatory (PA). Test item
selection for youngsters with CA/A was a function of the site of the impairment(s) (one ;.rm, two
legs, etc). (Readers are referred to the test manual for more detail.) The resultant fitness test also
is appropriate for youngsters in the"general population (GP). The project was funded from June -
1993-May 1998. |
Work on Project Target served as the basis for the development of the Brockport Physical

Fitness Test (BPFT) (Winnick and Short, in press). The frameWork for developing the BPFT is
represented by Figure 1.1. This schematic, which is modified from a model descﬁbed by
Bouchard and Shephard (1 9945, attempts to demonstrate the relationships. among ph);sicai
activity, health, and health-related physical fitness. Understanding the meaning of each of these
terxﬁs, and their relationships, is important in understanding the cénsu'uction of the BPFT.
Physical activity consists of any bodily movement produced by skeletal muscle resulting in a
substantial increase over resting energy expenditure‘(Bouchard and Shephard, 1994). Health is
defined as “human condition with physical, social, and psychological dimensions, eagh
characterized on a continuum with positive and negative poles. Positive health is associated with
a capacity to enjoy life and to withstand challe_nges; it is not merely the absence of dislease.
Negative health is associated with fnérbidity aﬁd, in the extreme, with premature mortality
-(Bouchard and Shephar&, 1994, p. 84). Health-related _ﬁix-le-ss refers to those components of

fitness that are affected by habitual physical activity and relate to health status. It is defined as a

12
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4

state characterized by (a) an ability to perform and sust;in daily activities and (b) demonstration
of traits or capacities that are associated with a low risk of premature development of diseases
and conditions related to movement (modified from Pate, 1988)

The BPFT includes 27 different test items under three components of health-related _
physical fitness: aerobic functioning, body composition, and musculoskeletal functioning
(muscular strength/endurance and flexibility/range of motion). Criterion-referenced (CR)
standards are provided for all test items. Some technical information is included in the BPFT test
manual so fhat test-users may have a basis from which to evaluate the test. However, much
greater detail is presented in this monograph. No other specific infofmation on the development
and validation of the BPFT battery has been published.

The purpose of this reference manual, therefore, is to provide interested readers with a
detailed rationale for the selection of test items and standards associated with the Bro?kport
Physwal Fitness Test. The manual is divided into separate chapters for the relevant components
or sub-components of health-related fitness: aerobic functioning, body composition, muscular
strength and endurance, and ﬂexibility/range of motion. (Muscular strength and endmce and
flexibility/range of motion are sub-components of musculoskeletal functioning, but are

treated separately here due to the large number of items associated with this component.) Each
chapter includes information or both validity and reliability. -

The validity section of each chapter includes opening paragraphs that attempt to establish
that the fitness component, or sub-component, in question does, in fact, relate to health status. .
The opening paragraphs also attémpt to define criterion levels of the component that can be_used-

as the basis for setting health-related physical fitness standards (critical values of VO,,,, percent




i)ody fat, etc.). Sub-sections on test itéms, standard.'s, and attainability follow the opening
paragraphs. | |

The test items sub-section provideé a rationale for the inclusion of a specific item in the
test battery. Attempts are made to link the test item to the component or sub-component of
fitness beiné discussed. (Readers will have to refer to the test manual for a complete description
of test protocols.) The rationale for the inclusion of many qf these test items in a battery that
purports to be health-related is often logically-based, or what Safrit (1990) referred to as domain-
refe;renced validity. Domain-refereﬁced validity provides evidence that a test adequately _
represents a particular domain of behavior, such as aerobic capacfty, upper body
strength/endurance, and so forth. Although domain-referenced validity is logically-based it
should not be viewed as arbitrary (Safrit, 1990).

The standards sub-section provides a rationale for the recommended CR standards. Links
between test scores (laps, times, skinfolds, etc.) to criterion levels of the component (V (0
percent body fat, 20th percentile, etc.) are provided here. Attempts are made to hnk standards to
indices of either i)hysiological or functional health. Physiological health is related to the organic
well;being of the individual. Indices of physiological health include traits or capacities that are
associated with well-being, absence of a disease or condition, or low ﬁsk of developing a disease
or condition. Functional health is related to the physical capability of the individual. Indices of
functional health include the abilit}; to independently perform important t#sks, such as activities
of daily living and the ability to sustain tﬁe performance of those tasks.

| In the BPFT, health-related standards are either general or specific. (Testers also have thé

flexibility to develop individualized standards for youngsters as may be necessafy. Readers may

i n
10




6

consult the te.st manual for more information 6 on 1nd1v1dualized standards.) A general standard is
one believed to be appropnate for the general population. A spe01ﬁc standard is one that has
been adjusted to account for the effects_ of a particular impairment or disability on test
performance. For many items general standards are provided for both minimal and preferred
levels. A minimal general standard represents the lowest acceptable criterion for health-related
fitness for a particular item for the general population. A preferred standard is esiablished to
represent a good level of health-reiated fitness for members of the general population. In some
cases, only a single general standard is provided for a particular item. Youngsters who attain a
single general standard also are considered to_.have reached a good level of health-related fitness.
The attainability sub-section typically i'eports passing rates for the various tests b);
disability groups. In a strict theoretical sense, the issue of attainability in the development of a
.‘criterion-referenced test is moot. CR standards are selected because they are believed to reﬂéct
important elements of a particular domain (e.g., l_iealtli). If the standards accurately reflect
desirable levels of health-related fitness the fact tliat thay may be “too easy” or “too hard”
technically is irrelevant. In a practical sense, hovx;éver, attainability is an important aspect in CR
fitness development espécially for youngstefs with disabilities. One of the reasons for fitness
testing is to draw both student and teacher aitention to the iinportance of fitness and to motivate
students to pursue higher (or at least healthy) levels of .ﬁtness. When test items cannot be
performed and/or standards are perceived as being out of reach, the message seems to be that
physical fitness is not an appropriate pursuit for youngsters with disabilities. One of the goals of
the BPFT, therefore, was to select items and standards which could be linked to some index of ..

health status, but also would be attainable for youngsters with disabilities.

17




Reliability sections generally focus on available "norm-referericed reliability"- data for
each fest item. Test-retest information is expressed as _either an interclass, intrdclass, or alpha
reliability coefficient. Some "criterion-referenced reliability" data; (i.e., consistency of .
classification) also are presented, altﬁough this information is more limited. Each chapter

concludes with a short discussion section that includes ideas for future research.
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Chapter II
Aerobic Functioning

For the Erockport Physical Fitness Test (Winnick and Short, in pre.;.s), aerobic
functioning refers to that component of physical fitness that permits one to sustain large muscle,
dynamic, moderate to high intensity activity for prolonged periods of time. Aerobic functioning
includes two subcomponents in the BPFT: aerobic capacity and aerobic behavior. Aerobic
capacity refers to the highest rate of bxygeh that can be consumed by exercising. In the BPFT,
aerobic capacity is expressed by maximum oxygen uptake (VO,,,,). Standards for VO,..x are
expressed as nﬂ/kg./min. Test items associated with aerobic capacity in the BPFT include the
one-mile run/walk, and the 16m and 20m Progressive Aerobic Cardiovascular Endurance Run

(PACER). Aerobic behavior refers to the ability to sustain physical activity of a spéciﬁc intensity
| for a particular durati_én. The Target Aerobic Movement Test (TAMT) is the single measufe of

- aerobic behavior in the BPFT.

Test items to measure aerobic functioning are depicted m Table 2.1. Test items are
“recommended (R) or optional (O) for defined gr01.1ps and ages. A recommended test item is
considered to be appropriate and most acceptable for the measurement of physical ﬁmeés when
factors for selecting test items are equal. Optional test itemé are alternate test items considered to
be appropriate and acceptable for the measurement of components of physical fitness. Readers

must refer to the test manual for a complete description of test protocols.




Table 2.1
Test Selection Guide for the Measurement of
Aerobic Functioning on the
Brockport Physical Fitness Test

Group
One-mile
Run/Walk
General Population R
(Ages 10-17)
Mental Retardation —
Visual Impairment 6] |
(Ages 15-17)
Spinal Cord Injury -——
Cerebral Palsy —
Congenital Anomaly/
Amputation :
Arm Involvement Only R
Others ——

Test Item
ic Capaci

20m 16m _
PACER PACER

0]

(Grades 4-12) ——-
R

(Grades K-3)

R R
(Ages 13-17) (Ages 10-12)

R ————
(Ages 10-17)

Aerobic Behavior

Target Aerobic
‘Movement Test

R =recommended
O = optional

R

o

10
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In the sections which follow, the validity and reliability related to tests of aerobic
functioning in the BPFT will be discussed. The {/alidity section includes information on test
items, standards, anci attainability and the reliability sectioﬂ pnmanly includes available test-
retest data and some consistency of classification information. A discussion section is presented

at the end of the manuscript.

Validity

Aerobic functioning and/or cardiovasquar endurance has been considered an integral part
of physical fitness for many years. Measures of aerobic functioning have been included in
physical fitness tests which purport to measure both performance- and health-related aspects of
fitness. Distance runS, for example, have been included in the Youth Fitness Test (AAHPERD, - °
1976), the Health Related Test (AAHPERD, 1980), énd Proj.ect UNIQUE (Winnick and Short,
1985). In the BPFT, aerobic functioning is viewed as a health-relate_d component of physical
fitness. Although this chapter is not designed to be a definitive review of the benefits of aerobic
fitness to health, it is important to stress that, in the past few years, research in suppbrt of a strong
association of aerobic ﬁtnéss and health status has accumulated (Blair, Kohl, et al. 1989;
Erikssen, 1986; Peters, Cady, Bischoﬁ', Bernsten & Pike, 1983; Sobolski, et.'al. 1987; Tell &
Vellar, 1988; and Wilhelmsen et. al., 1981). Also, strong scientific support linking physical
activity and health has resulted in organizational support for regular physical activity for health
benefits. The Aﬁerican Heart Association (AHA, 1992) idenﬁﬁed physical inactivity as a major
risk factor in coronary heart diseaée. The Center for Disease Control (CDC) and Prevention and -

the American College of Sports Medicine (Pate, et. al.' 1995) recommended at least 30 mihﬁtes of

(D
)
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"inoderéte-intensity physical activity for every U.S. adult on most, preferably all, days of the
week, for health-related benefits. The National Institutes of Health (NIH) (Congensus
Development Conference, 1995) and The_ Second International Conéensus Symposium
(Bouchard, Shephaid, & Stephens, 1994) confirmed the importance of physical activity for
health. The Surgeon General's report (U.S. Department of Heé.lth and Human Services, 1996)
emphasized that Americans can substantially improve their health and quality of life by including
moderate amounts of physical activity in their daily routines.

Tests of aerobic capacity have long been considered preferrql measures of aerobic
functioning because they reflect cardiorespiratory capacity, the ability to carry out prolonged
strenuous exercise; and because they are associated with a reduced risk (in adults) of
hypertension, coronary heart disease, obesity, diabetes, some forms of cancer, and other health
problems (Cureton, 1994). For these reasons measures of aerobic capécity are considered to be
representative of "physiological healt.h" in the BPFT. Physiological health is concerned with
one's organic well-being. The Prudential FITNESSGRAM (CIAR, 1992), the only health—felated
criterion-referenced physical fitness test currently endorsed by AAHPERD, uses two field tests of
acrobic capacity in its battery: the 20m PACER aﬁd the one-mile run/walk (MRW). The CR
standards associated with both of these tests are linked to maximum of(ygen uptake (V 02,,,;,)
values. VO,,,, therefore, serves to define appropriate levels of aerobic capacity for h_ea.lth-related
purposes and provides a basis for CR standards for spéciﬁc test items. Critical VO,,, values
associated with the Prudential F ITNESSGRAM, and adopted by the BPFT, are presented in

Table 2.2. - R

A
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_ Table2.2 -
V0, One-Mile Run/Walk, 20m PACER, 16m PACER, -
and Target. Aerobic Movement Test General Standards

Males _
VO2max One 20m |- 16m :
Age | (mlkg/min) Mile PACER PACER | TAMT!
(min/sec) (# laps) (# laps) (min)
"M P M P M P M M
10 42 52 11:30 | 9:00 17 55 25 Pass
11 42 52 11:00 | 8:30 | 23 61 33 Pass
12 | 42| 52 ]10:30 | 800 | 29 | 68 40 Pass
13 | 42 52 10:00 | 7:30 35 | 74 48 Pass
14 | 42 52 | 930 | 700 | 41 80 55 | Pass.
15 42 52 9:00 7:00 46 85 61 Pass
16 | 42 52 | 830 | 700 | 52 | 90 69 Pass
17 | 42 | 52 | 830 [ 7:00 | 57 94 75 Pass
| Females
10| 3 | 47 |1230 930 | 7 |35 | 13 Pass
11 | 38 46 | 12:00 | 9:00 | 9 37 | 15 Pass
12 | 37 | 45 [12:00 [ 900 | 13 | 40 20 | Pass
13 36 44 11:30 | 9:00 15 42 23 Pass
14 | 35 43 | 11:00 | 8:30 | 18 | 44 26 Pass
15 | 35 | 43 [10:30 | 800 ] 23 | s0 33 Pass
16 | 35 | 43 | 10:00 | 8:00 | 28 | 56 39 Pass
17 | 35 43 | 10:00 | 8:00 | 34 | 61 46 Pass
M = Minimal

P = Preferred

1 Scored as pass/fail. Youngsters pass when they sustain moderate phy;ical activity for 15 minutes.

4
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These critical VOj,, values range from 42 mU/kg/min. to 52 mUkg/min. for boys and
from'35 ml/kg/mm to 47 ml/kg/min. for girls. In the FIT-NESSGRAM these ranges define a
"healthy fitness zone." In the BPFT the lower values in the range rebresent:"minimal" standards
and the higher values "breferred" standards. As pointed out by Cureton(1994), the rationale for
the upper and lower boundaries of thé healthy fitness zones is based on data linking VO, with
disease in adults. The rationale for the use of VO2max in the Prudential FITNESSGRAM as a
health-related physical fitness test standard, the basis for the standards identified, and the specific
calculatioﬁs used in order to determine values is explained in detail by Cureton (1994).

Most relevant fbr the purposes of this mamiscript is a description and analysis of the
adjustments of VO,,,, values for individuals with disabilities. In this regard, two populations
were considered for possible adjustments for VO,__, individuals who are blind and those who
ar:e mentally retarded and have mild limitations in fitness. Based on a review of literature, the
Project Target staff and panel of experts concluded that there is no physiological reason why
VO,,,, performance could not be developed for biind youngsters to the extent that it is expected

in sighted populations. The decision to adopt the Prudential FITNESSGRAM values for

maximum oxygen intake for adolescents with visual impairments and/or blindness was supported

by several studies (Lee, Ward, and Shephard, 1985; Hopkins, Gaeta, and Hill, 1987; Sundberg,
1982) and by Cumming, Goulding & Baggley (1971) Who indicated t__hat levels of habitual

_ activity play an important role in the deveiopment of maximum oxygen uptake. The decision to
use the identical VO,,,, values for blind and sighted youngsters also was influenced by the

opinion of Buell (1973) who indicated that students who are blind need a vigorous program of

1
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“physical activity to give them superior levels of physical fitness because they must work harder
to reach the same levél of success as ﬁeh sightedl peers (See Table 2.3).

The BPFT, on the other hand, does recommend adjust'me'nts-to VO, in the case of
youngsters with mental retardation and mild limitations in physical fitness (See Table 2.4). In the
BPFT, specific VO,,,, values recommended for individuals w1th MR are lowered 10% ﬁom
those required of the general population. The 10% lowering of the VO,__, values was meant to
adjust for thé discrepancy which has been repeatédly observed betweep youngsters with and
without MR on measures of aerobic capacity. In this regard Sh§phq.rd (1990) estimated that the |
scores of individuals with MR are 8 to 12% below those for nondisabled peers of the same age.
Following a review of literature, Fernhall, Tymeson, and Webster (1988) reported that the
cardiovascular fitness levels of persons (including children, adolescents, and adults) with mental
retardation ranges between 10 to 40% b/elow those of théir nondisabled beers.

Shephard (1990) reported that the maximum oxygen intake of individuals w1th mental
retardation is generally lower than in the population of nondisabled peers although values
reported have ranged quite widely among various studies. - In view of the wide variation in
studies reporting the maximum oxygen intake valﬁes of youngsters with mental retardation, the
panel of experts associated with Proj ect Target and authors of the BPFT adopted the 10%
downward adjustment in values to serve as a specific standard. This standard was selected for
several reasons. First, it is viewed as a realistic but conservative adjustment for scientifically
unaccounted for discrepancies between ybungsters with and without mental retardat_ion relative
to aerobié capacity. Second, it serves as a realistic and attainable standard which leads toward,

and reasonably approaches, improved health status associated with the general population.

o
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Table 2.3
VO2max, One-Mile Run/Walk, 20m PACER Specific Standards
for Youngsters Who Are Blind'

Males
Aerobic Capacity

Minimal

General One-Mile 20m

VO2max Run/Walk | PACER

Age | (mV/kg/min) | (min,sec) (# laps)
10 42 12:30 15
11 42 12:00 21
12 42 11:30 26
13 42 11:00 32
14 42 10:30 37
15 2 10:00 2
16 42 9:30 47
17 42 9:30 s1
Females

10 39 13:30 6
11 38 13:00 8
12 37 13:00 12
13 36 12:00 14
14 35 11:30 17
15 35 11:00 22
16 35 10:30 27
17 35 10:30 32

'These specific standards in the one-mile run/walk and the 20M PACER are based upon a bonus of 10 percentile
points given to youngsters who are blind and require physical assistance in performing runs. The VO2max values
associated with these specific standards are the same as the minimal general standards.
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Table 2.4

VO,,.. and PACER _ _ .
Specific Standards for Youngsters with Mental Retardation
Males
VO, PACER | PACER
"Age (ml/kg/min.)" (20m) (16m)
- (# laps) > (#laps) °

10 .38 4 9

11 38 10 - 16

12 38 16 24

13 38 _ 21 30

14 38 27 ) 38

15 38 33 45

16 38 38 57

17 38 - 4 _ 59

Females

10 35 1 5

11 34 1 5

12 33 1 5
13 32 4 9

14 31 6 11

15 31 12 19

16 31 17 - 25

17 31 22 31

! Specific standards associated with a 10% downward adjustment of VO,_,,, from minimal general standards.

2 Laps for the 16m are based upon estimates from 20m PACER lap scores.

-3 16m laps = 1.25 (20m laps) + 3.8, S.E.= 7.4. 20m laps=.71 (16m laps) - .87, S.E. =5.5. 20m lap values are
approximately 63% of 16m lap scores.

N
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Third, the standard advances the individual from levels which are considered by authbrities-as
reflective of poof condition and a sedentary lifestyle. A lower standard (e.g., a 40% adjustment)
could possibly be nﬁsin’gerpreted as a positive level of healfh—relatéd aerobic fitness. 4

Although tests of aerobic capacity rhay be the preferred measures of aerobic functioning
because of their association with "phy.;siological health," tests of aerobic behavior also may play a
role in the assessment of aerobic functioning. Tests of aerobic behavior measure tﬁe ability to
sustain aerobic activity. Since such an ability has relevance for the execution of daily activities
(including éducation and recreation) it is considered to be an indication of one's "functional
health”. In the BPFT individuals demonstrating the ability to sustain moderate physical activity
for 15 minutes meets the minimal general standard for health-related aerobic behavior. An
exercise heart rate bf at least 70% of maximum predicted heart rate adjusted for disability or
m(;de of exercise represehts moderate exercise. Not only does this kind of activity hz;ve
implicatiéns for functional health, but it is also believed to reflect behavior, that when performed
regulérl&, is consistent with existing general recommendations for health enhancement or’
maintenance (ACSM, 1990, 1995; U.S. Department of Health and Human Services, 1996) and is
sufficiently intense to stimulate an aerobic training effect (McArdle, Katch, Katch, 1994). More
specifically, the critical values for acrobic behavior were established using the guidelines
recommended by the American College of Sports Medicine (1991, 1995). These guidelines
recommend that physical activity elevate heart rate between 60 and 90 percent of maximum heart
rate for a period of 15 to 60 minutes, and be performed 3 to 5 days a week in order to confer

health benefits and improve or maintain cardiorespiratory fitness.
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The BPFT tests of aerobic fuhctioning are discussed on the following pages of this
chapter. The three measures of aerobic capacity, the one-mile run/walk and two versions of the

PACER, are covered first, followed by the single measure of aerobfc behavior, the TAMT.

One-Mile Run/Walk

The one-mile run/walk is included in the Brockport Physical Fitness Test to estimate
VO,,.... In discussing the validity of the MRW to estimate VO,,,,, Cureton (1994) referred to
both construct and concurrent validi;ty. In regard to the test items for nondisabled children and
adolescents, Cureton established a rationale for using the MRW by pointingbﬁt the impo'l:tant
contribution of VO,,,,, compared to other physiological and behavioral factors in run
berformance. In regard to concurrent validity, Cureton (1994) sﬁmmarized his and other studies
and reported Pearson r's'rangin.g from .60 to .85 between distance run time and VO;mu. Based on
these data, Cureton (1994) concluded that the one-mile run/walk has moderate concurrent
- validity as a measure of VO,,,.. In the BPFT, the MRW is arecommended tést item for

youngsters in the general population, those with arm only involvexhent and classified as CA/A, or

an optional test item for individuals who are VI.

Standards

Minimal and preferred general staﬁdards for the one-mile run/walk are recommended for
the general population, youngsters with CA/A, and, youngsters who exhibit visual impairments
but who are not blind. General standards for the MRW are presented in Table 2.2. Minimal
general standards are believed to be consistent with positive health and functional capacity for

daily living in adult men and women and preferred standards are based on a levél of VO,,,...

30
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-Which is thoﬁght to be good and associated W1th lowef disease risk and mortality in adults
(Curetor_l,. 1994). Mﬁe run/walk CR s@dmds used in the Prudential FITNESSGRAM and the »
Brockport Physical Fitness Test a.re described by Cureton and Warrén (1990) and Cureton
(1994). Inasmuch as the process of linking MRW times to éﬁtical values of VO,,, is

somewhat involved it will not be reiterated here, but the performa-nce standards "were estimated
using data on the energy cost of running at different speeds and by assuming that a certain
percentage of the aerobic capacity was utilized during running" (Cureton and Warren, 1990,
p.11). Cureton (1 994) indicated that the upper boundary (or "preferred") standards correspond to
the 60-70th percentile of the National Children and Youth Fitnes_s_ Study (NCYFS) norms for
boys and the 80-99th percentile for girls. Cufeton and Warren (1990) evaluated the validity of
the 1987 FITNESSGRAM cﬁteﬁon-refgrénced standards using data on 578 nondisabled children,
ages 7-14. They reported that the standards that were established were reasonably valid in
classifying VO,,,,.. Tﬁe percentage Qf children classified correctly averaged 85% for t};e original
FITNESSGRAM standards. | |

Speciﬁc standards are provided for the one-mile run/walk for Sloungsters who are blind

(See Table 2.3). Buell (i 983) recommended that a "bonus" of ten percentile points be given to a
blind performer in long distance runs for equitable comparisons of performance with sighted
‘peers. He felt that such an adjustment is warranted because the runners are slowed down by
- either running side by side, touching elbows from time to time, or holding the elbow of a sighted
person; Using the 10 percentile adjustment as the bésis, several ;:omputational steps were
followed in adjusting the MRW standards for runners who are blind from minimal general

standards. The steps for the calculations can be obtained from the authors of this manuscript.
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Leeway was given for "rounding" or "smoothing" of the standards. It can be noted that specific
standards for blind males ages 15-17, are 60 seconds below minimal general standards. The
specific standards for blind females between the ages of 15;17 is 30 seconds slower than that of
the minimal general standards for females. Although the one-mile run/waik is
only identified as an optional test item for youngsters with visual impairments, ages 15-17, the
specific standards for youngsters who are tﬂind extend from ages 10-17 in Table 2.3. These are
provided so that praetitioners can use these data as guidelines in training programs designed to
improve the one-mile run/walk performance of individuals ‘who are blind. Although the
provision of specific standards is warranted, the Brockport Physical FitnesslTest encourages
individuals who are b_lind to pursue the minimal standards for the general population. Also, it
must be emphasized mat standards for youngsters with visual impairments who are not blind

(i.e., partially sighted).are identical to those used in the general population.

inabili

Since the one-mile run/walk has not traditionally been used as an item in tests of physical
fitness involving blind youngsters, data related to the performance of typlcal youngsters who are
blind were not found However, information related to the attainability of spemﬁc standards for
males and females from the general population can be drawn from an analysis of data associated
with the NCYFS (Ross, Dotson, Gilbert, and Katz, 1985). In reviewing these data, it may be
noted that specific standards for males who are blind are associated with the 10th percentile
performance of sighted males, ages 15 to 17. The specific standards for femalee who are blind * -

approximate performance of sighted females at the 60th percentile at age 15, the 50th percentile
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at age 16, and the 50th pefcentile at age 17. The minimal general standards for males are
associated with performance at the 20th percentiie relative to the NCYFS. The xmmmal general
standards for females correspond to approximately the 60th peréenﬁle of sighted youngsters on
the NCYFS for ages 15-17. Although the analysis was condﬁcted on a data set for nondisabled
youngsters; it suggests that blind girls might find the CR standards more challenging than blind
boys, but to the extent that blind youngsters have the potential to achieve the critical VO,
values recommended for sighted youngsters, and providing the 10 percentile "bonus" is
appropriate, the standards appear to be w1thm reach for both gender,s.

Although satisfac.:tory data related to the MRW performance of youngsters with visual_
impairments is unavailable, the aerobic power of students who are blind has been studied and
provides insight on the ability to perform. For example, Lee, Ward, & Shephard (1985) found
that the average VO, score after training, of males who are blind was 51.7 ml/kg/min. For
females the average value was 38.0 ml/kg/mm (The 10 males and 9 females were between 11
and 18 years of age.) These values exceed the recommended specific and minimal general VO,
values for males and females between the ages of 15-17, on the Brockport Physical Fitness Test.
It is expected that youngsters with these aerobic abilities are capable of reaching these standards

on the one-mile run/walk on the BPFT.

PACER
The 16m and 20m PACER tests are also included as items in the BPFT to estimate
aerobic capacity (VO,,,,). In reviewing the validity of the 20m PACER, Cureton (1994) asserted.

that the PACER has high content validity in that it closely simulates a graded speed incremented
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treadmill test: used in the laboratory to directly;'r-neasuré VO, Cureton (1994) ipdicated that
the wncuﬁent validity of the .PACER is moderate an;l approximately the same as distance runs
for estimating VO,,,,,. He reviewed literature regarding thg concurrént validity of the PACER
test in children and adolescents and reported validity coefﬁéients ranging from .51 to .90
(Cureton, 1994). Althqugh currently available information suggests acceptable levels of
validity, Cureton (1994) felt that more studies investigating the relative value of the PACER and
other distance runs for predicting VO, and for classifying VO,,.., using criterion-referenced
standards are needed.

The 20m PACER, which was selected as a test item in the BPFT to estimate aerobic
capacity, appears to have high content validity and moderate concurrent validity. Howe\;ér, when
administered to youngsters with MR, particularly ages 10-12, it was observed that (1) younger
* children had difﬁculty reaching the 20m distance even during the first two or three laps of thé
test; (2) the time speﬂt running during the total test was low; and (3) too large a number of
participants failed to complete one lap, possibly b.ecause of shorter stature and overall
inefficiency of running. For these reasons, the in;iestigators wére prompted to shorten the
distance of the run Ina study conducted in connection with Project Targét in the spring of 1995,
data collected using 21 subjects with MR d;monstrated that the laps and distance run at a knov»;n
intensity when changing from the 20m PACER to the 16m PACER moved from 6.8 laps
(approx. one minute) or 135m, to 13 laps (approx. two minutes), or 207m. Sixteen of 21 subjects
increa&d total distance run in the study as a result of shortening laps. Also, three more subjects

ran at least one minute when the shorter distance was used.
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In a second study ilsing 34 subjects with mental retardation in the summer of‘ 1995; data
were collected on the 16m PACER, the 20m PACER, the 600-yard .run/walk, and peak oxygen
consumbtion (VO, peak) (Fernhall, et al, 1998). The average numbér of laps increased from 15.5
(approx. 136 seconds) to 23.1 (approx. 233 seconds) and the average distance covered increased
from 310m to 370&1 when compan'né performance on the 20m and 16m PACER. Again, time
engaged in running and distance of run at a known intensity increased with an increase in laps
performed_. In a third stﬁdy conducted in the spring of 1997, 31 subjects with mental retardation
and mild limitations in physical fitness were tested on both the 20m and 16m PACER. Again,
average number of laps completed increased from 10.3 (approx. 86 sec.) to 21.4 (approx. 180
sec.) and the average distance covered increased from 206m to 342m. In the 20m test, 7 of 31
subjects failed to run for at least one minute, whereas only 2 of 31 subjects were unable to run
tﬁe test for at least one minute when laps were shortened to 16m.

Although shortening the distance of the 20m PACER for youngsters with MR has
adilantages in terms of tiine and disténce of runnfng, a disadvantage is. that more research is
needed to clearly support the 16m PACER run as a test of aerobic capacity. The study conducted
in the summer of 1995 provides some information in this regard (See Table 2.5) (Fernhall, et al,
1998). In that study a correlation coefficient of r=.77 (p<.01) was found between VO,peak and
the 16m PACER. This was comparable to the r=.74 (p<.01) found between the 20m PACER and
VO,peak. Also a very strong relationship- (r$.94, p <.01) was found between the 16m and 20m
PACER and some support for the 16m PACER as a test of long dlstance running was given by

the r=-.62 (p <.01) between the 600 yd. run/walk and the 16m PACER. While these statistics are

V%)
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encouraging, there is a clear need to continue study of the 16m PACER as a test of aerobic

capacity.
Table 2.5 .
Relationships Among PACER and Distance Runs,
_ and VO,peak in Males and Females, Ages 10-18, (N=34)
- with Mental Retardation and Mild Limitations in Physical Fitness
VO,Peak 20m 16m 600 yd.
- PACER PACER - run/walk
20m PACER 4> - 1.00** 94** -.62%*
16m PACER T7** 94+ 1.00%* -.64**
600 yd. run/walk -.80** -.62%* L -4+ 1.00**
* p<0.05
** p<0.01

The 20m PACER is a recommended or optional (dependent ﬁpoh aée) test item for
youngsfers in the general population; a recommended item for youngsters with mental retardation
and mild limitations in physical fitness, ages 13-17; a recommended test item for youngsters with
visual impairments, ages 10-17; and for youngsters, ages 10-17, with arm only involvement
classified as a congenital anomaly or AmPutation. The 16m PACER is only recommended for

youngsters with MR, ages 10-12.

Standards |
Minimal and preferred general standards for the 20m PACER are recommended for the

general population, youngsters with visual impairments but who are not blind (i.e., partially
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"sighted)., and for youngsters with arm only involvement classiﬁéd as a CA/A (See Table 2.2).
These are the same standards used inl the Prudential ITNESSGRAM. According to Cureton
(1994), both the upper and lower boundan%es of the healthy fitness zone for the 20m PACER in
the Prudential FITNESSGRAM were dgtermined from a regression eqpation provided by Leger
etal. (1988): "

® VO, = 31.025+3.238 (maximal PACER running speed) - 3.248 (age) +.1536

(maximal PACER running speed) (age)
This equation had a multiple R of .71 with VO,,,, and a standard error of estimate of 5.9 .
ml/’kg/min. The Leger et al. (1988) equation was rearranged .to prédict maximal PACER runnmg
speed from age and the vc1"itical VO,,,, value. Predicted speed was then converted to laps for use
as the CR standard (Cureton, 1994).

Although minimal and breferred genéral standards have been adopted for use in the BPFT
_ for certain groups of youngsters on thé 20m PACER, specific standards are also recommended
for youngsters who are blind or who have mental retardation and mild limitations in physical
fitness. The. specific standards developed for youngsters who are blind was based upon the
"bonus" of ten percentile points recommended by Euell (1983) mentioned earlier. Again, the
adjustment_is believed to be warranted in selecting a minimal specific standard because of
inefficiency in running.

Several computational steps were used in adjusting the minimal general standards to
specific standards for youngsters who are blind and detailed information in regard to these may
be obtained from the authors. The first step, however, was to determine an adJustment |
percentage for each age and gender. This was based on a percentage comparison between -
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-minimal genéral and specific standards fo; yogipgsters 'who are blind on the one-mile run/walk.
Once perpentage dii;ference was deteﬁmned for each age and gender, an average adjustment
factor was obtained. For males, .speciﬁc standards ranged from 89% to 92% of minimal general
standards, ages 10j1 7. For females the differences in standérds ranged from 92% to 93 %, ages
10-12 and 95% t0.96%, ages 13-17. Thus, the speciﬁc standards were based on a 10%
adjustment for males, ages 10-17 and for females, ages 10-12. A 5% adjustment was used for
ferhales, ages 13-17. The 5 to 10% adjustment based on running performance in the one-mile
run/walk was applied' to lap performance in the 20m PACER (See Table 2.3).

The specific CR standards for youngsters with mental retgrdation and mild limitations in
physical fitness on the 20m PACER were based on the 10% downward adjustment in VO,
discussed earlier' in the chapter (See Tabie 2.4). Using the Leger et al (1988) equation, Cureton
‘calculated laps to serve as the specific CR standards from these adjusted V0, values (K J.
Cureton, personal commumcatlon, October 15, 1996) Readers should note that the specific
standards for 10-and 11-year old girls were arbitrarily set at one lap when the equation predicted
zero laps using the adjusted V0,,,, values. Consequently, the oﬁeélap standard for these two age
groups actually represeﬁts a slightly higher critical V0, value than is shown in 'I'able 24.

Although the 16m PACER is only recommended for youngsters with MR aged 10-12,

“ both minimal general and specific standards are provided throughout the 10-17 age range.
Minimal general standards are provided in order to place the specific standards in some context;
youngsfers with MR should be encouraged to strive to achieve tl;e same standards recommended
for nondisabled youngsters when appropriate. Standards provided for 13-17 year-old youngsters |

may be used at the discretion of the tester in cases where the 20m PACER may be inappropriaté.
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The specific standards for the 16m PACER are based upon estimates from 20m lap scores |
attained in the study conducted in the summer of 1995 as part of Project Target (Fernhall, et al,
1998). In that study;_ 34 youngsters with MR, (22 males an:d 12 fe;riales) between the ages of 10-
18 Were tested on both the 16m and 20m PACER tests with a 2-5 day separation between tests.
Results indicated that 20m lap values were approximately 63% of 16m lap scores. A regression
analysis was used to develop a formula to predict 16m lap values from the 20m standards. Since
the specific 20m PACER CR standards were arbitrarily established for 10-and 1 1-year old girls,

the predictéd 16m PACER CR standards, by necessity, have a similar limitation.

inabili

Because of the lack of success by researchers in developing a valid and reliable test of
aerobic capacity for youngsters with MR in the past, considerable attention was given to this task
as a.pan of Project Tafget. Between 1994 and 1995, 114 youngsters, ages 10-17, were tested on
the 20m PACER in different locations throughout the country. Using the minimal genergi
standard associated with the Prudential FITNESSGRAM (CIAR, 1992), it was found that only
nine of 114 (8%) males and females met the standard. Because of this ﬁndmg and difficulties
with the 20m PACER identified earlier in this manuscript, it was decided by tﬁe Project Target
staff to experimént with reducing the length of the test to 16m and use the 16m PACER specific
standards presented in Table 2.4 as the criterion for passing. Befween 1996 and 1997, 84 |
youngsters (ages 10-17) were tested and 29 (34%) passed the test using these standards. As a
matter of interest, the 20m specific standards were applied to two samples including 57 subject§. :

Using the 20m PACER specific standards, a passing ré,te of 30% was found (17 of 57 subjects

%)
W
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_met or surpassed the standé.rd). In order to compafe passing rates resulting from the 16m and
20m specific standards, the standards "were applied to one sample_(n=30) in which both the 16m
and 20m runs were édministered to the same subjects. Using the 16m specific standards, a
passing rate of 37% (11 of 30) was found and using the 20m sbeciﬁc standards, a passing rate of
33% (10 of 30) was found. Although the results suggest 'simiiar passing rates, more research
with greater subject numbers is needed to draw more definite conclusions in this regard.

The 20m PACER is also a recommended test item for ypungsters with visual
impairments. In addition, adjusted speciﬁc standards may be used in the BPFT for youngsters -
who are blind. Two studies were conducted in regard to this population as a part of Project
Target. The; first study included 39 youngsters who were blind, ages 10-14, attending camps in
Michigan. When the general standards were applied as a criterion for passing the 20m PACER,
11 of 39 (28%) passed the test itém. ‘When the specific standards were applied, 13 of 39 (33%)

- of the sample passed the test item. Results suggested that "fit" subje'cté will pass either criterion |
and "unfit" youngsters will fail either criterion.

The second study was conducted in New York City and included 50 youngsters with
visual impairments, ages 10-17. A total of 28 of these youngsters were blind. When the 20m .
PACER was adminjstefed to ﬂle total sample, 5 of 31 ( 16%) males and 10 of 19 (53%) females
passed the test using the minimal general standards for the 20m PACER. When the same general
staﬁdards were applied to just the bﬁndyoungsters, 7 of 28 (25%) passed the test item. When the
specific standard for youngsters who are.blind were applied to the sample of blind youngsters,
the same 25% passing rate was found. In regard to this sample, females with visual impairments‘.

as a group and females who were blind as a group exceeded a 50% passing rate. Conversely, the
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passing rate f:or males ranged from 11% for m{ﬂes who. were blind to 26% for males who were
designated as youngéters withlvi_sual_ impairments (i.e., included youngsters who were partially
sighted). The identical passing rate (25%) was found whether a minimal geheral or specific
standard was applied in the case of youngsters who are blind. However, when the total sample of
visually impaired subjeéts was considered, the passing rate moved from 30% to 38% when the

minimal general standard was supplanted by the specific standard.

Target Aerobic Movement Test

The TAMT is a test {hat is designed to directly measure a youngster's ability to engage in
physical a;:tivity at an intensity and duration consistent with recommendations for good aerobic
behavior. Youngsters who pass the test have demonstrated the ability to sustain at least moderate
. physical activity. Spec_:iﬁcally. the test réquires participants to exercise for 15 minutes within a
target heart rate zone with a lower limit set at approximately 70% of one's predicted maximum
 heart rate. (Testers also have the option of raising the threshold of the target heart rate zone to
75% or 80% of predicted maximum heart rate if more intense levels of activity are désired.
These more intense criteria constitute levels II and III of the TAMT.) Adjustments to the target
heart rate zone are made for youngsters with quadriplegia and for those youngsters who engage in
arms-only forms of physical activity (including those with paraplegia). These adjustments are
‘ecessary to account for the effects of quadriplegia and arms-only activity on maximal heart rate
(Shephard, 1990).

Although recommendations in the literature for the duration of aerobic activity may go as -

high as 60 minutes (ACSM, 1995), the TAMT requires 15 minutes in order to make the test
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prac.tlcal for use in field situations and school settings. While the TAMT does not measuré the
frequency of aerobic behavior (unless testers choose to administer on a regular basis), the 15-
minute duration is supported in part by research "showing that cardiorespiratory ﬁtness. gains are
similar when physical activity occurs in several short sessions (e.g., 10 minutes) as when the
same total amountl_;nd intensity of acfivity occurs in longer sessions (e.g., 30 minutes)" (U.S.
Department of Health and Human Services, 1996, p.5). The TAMT is a recommended test item

for youngsters with MR, CP, SCI, and some forms of CA/A.

Standards |

General criterion—refefenced standards m connection with the TAMT are recommended
for all populations (no specific standards are provided). The standard for the TAMT is for a
youngster to exercise for 15 minutes within a selected target heart rate zone (THRZ). With
exceptions associated with seiected physical.disabilities, the THRZ is 70 (moderate level of
physical activity) to 85%.of maximum predicted heart rate. Participants can engage in virtually
any phys1cal act1v1ty as long as the actmty is of sufficient mtens1ty toreach a mmunum target
heart rate (THR) and to sustain heart rate in the target heart rate zone appropnate for the

individual.

A ttainabilit
The TAMT was administered to 75 males and females with disabilities in connection
with Project Target. The first sample included 28 males and femﬂes with spina bifida

myelomeningocele, ages 10-18, who attended a residential summer camp in 1995. In this study,

all the subjects propelled wheelchairs while performing the TAMT. They performed the TAMT
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in groups of six or less a nummum of two times with a one-day rest between tests. A total of 27
out of 28 eligible subjects (96%) pass:ed test 1 and 25 out of 27 eligible subjects (93%) passed
test 2 (i.e., met the criterion for successful completion of the TAMT) (Rimmer, Connor-Kuntz,
Winnick, and Short, 1997). |
The- TAMT was administered in a second study including 25 subjects in connection with

the New York State Games for the Physically Challenged in Brockport, New York in 1995
(Winnick antl Short, 1995). The subject sample included 11 females ranging in age from 10 to
18 with an average age of 13.4 years and. 14 male subjects in the 1 O to 17 age range with a mean
age of 12.7 years. Five of the subjects had a spinal cord injury (SCI); 11 had cereBral palsy (CP);
eight were classified as Les Autres (LA); and one had a congenital anomaly or amputation
(CA/A). A total of 20 of the 25 subjects attempted the TAMT. Of the 20 subjects who took the
test, 15 passed. The 15 successful subjects included two with SCI, seveti with CP (classes C4
through C8), and six with LA conditions. Nine of the 15 subjects ﬁséd arm ergoxﬁetxy as their
activity of choice whilg the other six ran. Of the ﬁvg subjects who could not meet the test
criteria, four were unable to achieve the target heart rate zone. Two of the four unsuccessful
subjects were youngsters with class 1 CP, a third was classified as C7, and a fourtﬁ was classified
as T4 SCI. The fifth unsuccessful sut;j ect complained of dizziness a minute or two into the test
and the test was terminated at that time for that individual.

In a third study conducted at the school of the Holy Childhood in Rochester, New York,
during the Spring 1996, 27 subjects with mental retardation and mild limitations in physical
fitness were administered the TAMT (Winnick and Short, 1996). The sample included 14

. females and 13 male subjects between the ages of 10 and 17. The activities performed during the
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test inciuded a fast Walk,. playing tag,‘and running. . A total of 24 of the 27 subjects (89%) passed
the test item.

In summary, 75 subjects were adniinistered the TAMT in thé three studies. A total of 66
of 75 (88%)_ passed thereby demonstrating the ability to sustain moder_ate physical activity and

providing evidence that the standards are attainable by youngsters with disabilities.
~ Reliabili

One-Mile Run/Walk ,
Based on a review of literature, Safrit and Wood (1995) ccincluded that performancé on
long distance runs is usﬁally highly reliable. A review of literatljr§ on reliability indicates that for
chilldren and adolescents nine years of age (3rd grade) and older, the reliability is higher than for
younger children (See Table 2.6). Research reported by Colgan (1978), Vodola (1978), Doolittle
| and Bigbee (1968), Doolittle, Dominic, and Doolittle (1969), Buono, Roby, Micale, Sallis, &
Shepard (1991), and Rikli, Petray, & Baumgértner ( 1992) indicate that the reliability of long
distance runs is high (.80 t0.98). Rikli, et al (1992) computed P values (proportion of agreement)
on the one-mile run/walk using 1987 F HNESSGW CR standards and reported values of .70
or greater for males and females, ages seven to nine. These criterion-referenced reliability values
su;iport the investigators' conclusion that distance runs can be used as a reliable instrument for
youngsters at these age levels. Reliability may be enhanced by having children prepared to pace
themselves appropriately during the run and for test administrators to pay particular attention to

motivating youngsters to perform to their upmost ability.
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PACER

The PACER“ appears.to be a h1ghly reliable test item (See Table 2.6). A test-retest
correlat.ion of r = .89 was reporteci by Leger, Mercier, Gadoury, and:Lambert (1988) using 188 .\
nondisabled subjegts between the ages of 8-1 9 on the 20m shuttle run. Ina study cénducted in
the summer of 19?5 as a part of Project Target, 20 males and females with MR were tested and
retested on the 16m PACER (Winnick and Short, 1996). A test-retest alpha (a) coefficient of .98
was attained on the sample of youngsters, ages 10-17. In 1996, another study was conducted as a
part of Project Targef in which test-retest data were collected on 34 males and females with MR
on both the 16m and 20m PACER (Winnick and Short, 1995). A test-retest a = .96 was reported
for the 16m PACER and a = .97 was reported using the 20m PAéER. Subject ages ranged from
10 to 18. Finally, in the spring of 1997, ;mother study including 35 males and females with MR,
ages 10-17 was conducted (Winnipk and Short, 19975. In that study, youngsters were tested and
retested on the 16m PACER. Ana = .98 was found between the two tests administere;i one-
week apart. A proportion of agreem.ent (P) was also computed in the..study as an estimation of
criterion-referenced reliability. Youngsters were studied to determiné consistency in reaching
criferion-reference_d specific standa;ds for their age and gender on the Brockport Physical Fitness

Test. A P=.93 indicating high reliability was obtained.
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Table 2.6
Reliability Data Associated with Test

Items Designed to Measure Aerobic Function

35

Study Population N end Age/Grade Test Item- ' .&ejiabiligz.
Leger, Mercier, . :
Gadoury, & Nondisabled 189 M/F Ages. A 20m Shuttle test-retest
Lambert (1988) - 8-19 - Run r=.89
Winnick & Short ©~ MR 20 M/F Ages  16mPACER  test-retest
(1995) : 10-17 a=98
Winnick & Short MR -34 M/F Ages test-retest
(1996) : o 10-18 16m PACER a=.96
10-18 20m PACER a=.97
Winnick & Short ‘MR 35 M/F Ages 16m PACER  test-retest
(1997) 10-17 ' a=.98
Rimmer, Connor- ' No significant
Kuntz, Winnick, SCI 28 M/F Ages TAMT difference in -
& Short (1997) 10-17 proportion of
: ‘ subjects passing
test-retest
Colgan (1978) Nondisabled 326 M/F Ages Mile test-retest
10-18 Run/Walk r=96m
r=287f
Vodola (1978)  Nondisabled 90 M/F Ages Long test-retest
S 14-17 Distance Run r=:80
Doolittle &  Nondisabled 153 M 9th Long " test-retest
Bigbee (1996) ' Graders  Distance Run r=94
100 F 9th & 10th Long test-retest
Doolittle, Graders Distance Run r=.89
Dominic, & Nondisabled 45 F Oth Long test-retest
Doolittle (1969) Graders Distance Run r=.89
15m & 15f M/F Sth Mile test-retest
. Graders Run/Walk r=91
Buono, Roby, Nondisabled 15m & 15f M/F 8th - Mile test-retest
Micale, Sallis, & ‘ Graders Run/Walk r=.93
Shepard (1991) 15m & 15f M/F 11th Mile test-retest
| ' Graders. Run/Walk r=98
© Rikli, Petray, &  Nondisabled 44m & 37f  MJ/F 4th One-Mile R=87m
Baumgartner - Graders’ Run R =.85f
(1992)
R = fnental retardation r = interclass coefficient
3CI = spinal cord injury R = intraclass coefficient :
AMT = target aerobic movement test a = alpha coefficient in BEST C OPY AVAIL ABLE
Q 4 foey .
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TAMT

The Térget Aerobic Movement Test is a relatively new item dééig11ed in association with
Project Target and is recommended for use with the Brockport Physical Fitness Test. As a part
of Project Target, oné study was conducted to determine the reliability, of the TAMT for a group
of youngsters with spina bifida (Rimmer, Connor-Kuntz, Winrﬁck, and Short, 1997). A sample
including 32 children (11 subjects with thoracic lesions, 21 subjects with lumbar lesions)
volunteered for the study. The same subjects performed the TAMT on two different days. All
subjects participated by propelling a wheelchair. Opt of 24 subj_gcts_ __\_vho performed two trials of
the test, 22 passed both trials (proportion of agreement = .92). All 24 subjects passed one of the
two tests. A t-test indicated that there was no significant difference in the proportion of subjects

who passed test 1 or test 2 (p < 0.05).

Discussion

“In developing a health-related criterion-referenced test of physical fitness for yoﬁngsters
with disabilities, it was particularly important to address three major needs in regarci to the
measurement and assessment of aerobic functioning. First, .it was considered important to
develop a test and standards for the measurement of aerobic functioning for youngsters with
mentai retardation and mild limitations in physical fitness that reflects at least the ability to
sustain moderate physical activity and could be efficiently used in schools and/or other field
settings. Secondly, there was a need forb some measure and standards of health-related aerobic
functioning for those youngsters restricted in the ability to ambulate. This primarily included

individuals with physical disabilities. Third, there ‘was a need to adopt a test and standards of
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health-relate’d. aerobic functioning for- youngstérs who are blind. The authors feel that much
progress was made in addressing these needs in the BPFT and preceding paragraphs reflect the
ways in which thesé needs were met. | | |

In regard to the measurement of aerobic capacity for youngsters with MR, the 16m and
20m PACER tests were finally selected as the suggested test items and specific standards were
developed for each. Results of research associated with Project Target clearly demonstrated that
those test iter-ns can be learned and, i_ndeéd,‘ are reliable when used with this population. The
specific lap values for both the 16m and 20m PACER are based upon a 10% VO0,,,. downward
adjustment. The adjustment in lap values for j:he 20m PACER was applied to data in which 20m
PACER performance was matched with V0,,,,. Corresponding lap values for the 16m PACER
were estimated from a regressio;l equation predicting them from 20m values. Additional
research is needed regarding concurrent validity in which the relationship of 16m PACER |
performance and VOZIImlx is established and used as the basis for specific standards. Data collected
| as a part of Project Target also suggest a disproportionately higher passing rate for females than
males on the PACER. It is recommended that ger;der bé addreséed to a greater extent in future
research relating to VOz,;m and the 16m and 20m PACER standards. |

The 20m PACER for ages 10-17 and- the one-mile run/walk for ages 15-17 are
recommended test items for the measurement of aerobic capacity on the BPFT for youngsters
with vis@ impairments. The same standards recommended for thé general populatibn are
recomlﬁended for youngsters who are partially sightéd. Also, general VO0,_.. values are
recommended for use with all youngsters with visual impairment, however, for blind youngsters -'

who require assistance, CR standards associated with the one-mile run/walk and PACER are
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baséd upon a bonus of 10 'percentile points. With few exceptions, these test items hﬁve not
tradiﬁonally been a part of physical fitness tests used with this population. Field-testi_ng as a part
of Project Target clearly demonstrates acceptability of the PACER as a tes.t' item. Less data were
collected relative to the' one-mile run/walk; but the data that were collectéd supported use of the
test item. The decision to use the oné-mile run/walk was strongly advocated by the Project
Target panel of expéns. The rationale essentially reflected the position that youngsters w1th
visual impairments can and should reach the same critical V0,,,, values as their sighted
counterpal;ts, but the CR standards associated with the test items need to be adjusted for
youngsters who are bliﬁd to account for tﬁe higher energy demands of running with assistance.

It appears that the BPFT has effectively addressed the measurement and evaluation of
aerobic functioning of individuals with ambulation problems. After spending considerable time

and energy in trying to develop an acceptable field-based test to measure aerobic capacity and not

being successful, it was decided to emphasize the measurement of aerobic behavior instead. This

functional orientation emphasizes the ability to sﬁstain physical activity of a specific intensity for
a particular duration. The term aerobic behavior was selected to reflect levels of intensity and
duration of activity, that when performed regularly, result in improved aerobic functioning.
Following considerable research, the TAMT was adopted as the measure of aerobic behavior.
Logic is the basis for its validity (content validity). Résearch conduct:ed as a part of Project
Target has clearly substantiated attainabilify and has provided data supporting the reliability of
the test item. One beauty of the TAMT is the acceptability of using a variety of exercise modes
in elevating heart rate. This is critical in instances in vyhjch movement abilities are diverse. In |

regard to future research, it is recommended that the TAMT be further examined for use with
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youngsters severely impair.ed' to.study the worthiness of higher levels of the test; and the possible
use of the test in measuring aerobic capacity. Overall the authors feel that the TAMT is valid,
reliable, and otherwise an appropriate test of aerobic behav1or for use in field situations with
individuals with a variety of movement impairments. |
As the discussion section and other parts of this manuscript are read, it will become
readily apparent that continued research oﬂ several related topics would be beneficial. The
following lisf summarizes suggested areas of research and in some instances recommendations
regarding priority needs.
® A high priority need is to provide additional concurrent validity data regarding the use
of the 16m PACER as a test of maximum oxygen uptake for all youngsters but
particularly for youngsters with mental retardation, ages 10-12.
OThere is a need to further study reliability of the 16m PACER tést item.
®The feasibility, reliability, and validity of the TAMT (including the higher THRZ
versions) should be investigated using subjects from the general population as well as
subjects with disabilities.
®The validity of higher levels of the TAMT as a predictor of aerobic capacity should be
investigated.
®The efficiency of youngsters who are blind running with partners in the one-mile
run/walk needs investigatfon. |
®Investigate the running efficiency of youngsters with mental retardation on the 16m and

20m PACER.
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O'I’lie validity and reliability of the TAMT :.using various modes of activity with diverse
populations should be investigated. |
®Determine heart rate zones to ref)resent moderate physical éctivity intensity for
youngsters with quadriplegia on the TAMT.
OTﬁere is a need to continue investigating test reliability of items on the BPFT with a
var_iety of youngsters with disabilities.

®Examine the role of gender in developing CR standards related to aerobic capacity.

In closing, the authors of the BPFT feel that the test has made signiﬁc.%mt advancé's in the
measurement of health-related assessment of aerobic functioniﬁg of youngsters with disébilities. |
Particularly noteworthy is its willingness to conceptualize and xr;easme aerobic behavior. This
orientation from the focus of measufement of aerobic capacity to the meas'uremeni of aerobic

behavior appears appropriate for the populations for which it is recommended in field situations.
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‘Chapter II1
. Body Composition

Eody composition is that component of health-related physiéal fitness that provides eitﬁer
an estimate of one's body weight that is due to fat or an indication of the appropriateness of one's
body weight for a:.given height. Testé of body composition in the Brockport Physical Fitness
Test (Winnick and Short, in press) include skinfolds (triceps, subscapular, and calf) and body
mass index. Testers have some latitude in the selection of body composition test itexﬁs, but the _.
sum of two skinfolds generally is the recommended test item and body mass index (where
appropriate) is usually the optional test item. Test item selection for recommended (R) and
optional (O) items is summarized in Table 3.1. Fora descriptio; of test items or more specific
information on test item selection, readers are referred to the test manual (Winnick and Short, in
préss). '

Information pertaining to the validity énd reliability of the BfFT body composiﬁon test
items is discussed below under sepafate headings.. The validity sectioh attempts to establish
relationships between skinfold measures or body mass index and health, provide the bases for the
criferion-referenced standards, and present available attainability data for the groups associated
with a disaBility covered by the BPFT. Following the reliability section is a brief discussion

. including recommendations for future research.

Validi

Since about 1980, measures of body composition have been included in test batteries

which purport to assess health-related aspects of physical fitness. For example, skinfolds and/or

-
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body mass index have been included in the following tests: Health Related Physical Fitness Test
(American Alliance for Health, Physi;:al Educati&n, Recreation, and Dance, 1980), Project
UNIQUE (Winnick and Short, 1985), Physical Best (McSweg_in',.Pémberton, Petray, and Going,
1989), and the Prudential FITNESSGRAM (Cooper Institﬁte -for Aefobics Research, 1992). The
inclusion c;f measures of body composition in fitness tests for children and adolescents tyi)ically
is justified on the grounds that theA prevention of obesity can reduce the risk of heart disease, as
well as by tﬁe observation that today's youngsters are fatter than those of previous generations
(CIAR, 1992). Measures of body compc;sition, therefore, are linked to body fat values in the

establishment of criterion-referenced standards.

Table 3.1
Body Composition Test Item Selection Guide
By Target Population -
- GP MR VI Cp SCI CA/A
Skinfolds
Triceps and Calf R R R R/O*
Triceps and SubSéapular o) R R R/O*
Triceps (only) : o o R/O*
Body Mass Index 0] o -0 0]

GP = general population SCI ='spinal cord injury

MR = mental retardation CA/A = congenital anomaly/amputation
VI = visually impaired R = recommended test item :

CP = cerebral palsy O = optional test item

*The combination of triceps skinfold with either the calf or subscapular skinfold is a function of the site or sites
of the impairment; consult test manual for more specific information.
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Itis lwell-estab‘lis_hed that obesity represents a significant health problem for both children
and adults alike (CIAR, 1992). Obésity is typically defined in terms of the presence of a large
aﬁxount of body fat expressed as a percer#age of total body mass. High percent body fat values
have been tied to higher mortality and morbidity rates in adults and vﬁth risk factors associated
with heart disease in children. Lohman (1994) has summarizéd some of the literature that
describes the relationship of body composition to health. This information will not be reiterated
here, but as Rimmer (1994) has written, "there is little argument that obesity is linked to a
number of diseases that increase the likelihood of early death” (p 1.1 4).

The BPFT has adopted the percent body fat healthy ﬁtnesé zone values recommendéd in
the Prudential FITNESSGRAM (CIAR, 1992) to represent the criterion standards for appropriate
body composition. The FITNESSGRAM utilizes a 10-25% body fat range for boys and a
17-32% body fat range for guls Individuals who are able to stay below the higher value (i.e.,
25% _for boys and 32% for girls) in tile range as adults "will not be at greater risk for
cardiovascular disease and diabetes" (Lohman, 1994, p. 64). Youngsters should also strive to
stay above the lower value in the range. Individuals who are excessi.vely lean may also
experience health-related problems, especially if iile leanness can be traced to poor nutrition
(CIAR, 1992).

In the Prudential FITNESSGRAM the percent body fat ranges discussed above comprise
what is called a "healthy fitness zone." Although youngsters, at the very least, should attempt to
stay within the healthy ﬁtness zone, Lohinan (1994) recommended a more optimal range. The
optlmal range is 10-20% for boys and 17-25% for girls. The rationale for the optlmal range is

that children will tend to get fatter with increasing age. It was reasoned, therefore, that if a
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:youngster can stay within the optimal range as a child, he or she will more likely be able to stay
within the healthy ﬁtness zone as an adolescent or adult even if some body fat is added (Lohman,
1994). ﬁe lower percent body fat boundaries are the same far the healthy fitness zone and,the\v
optimal range. In Fhe Prudential FITNESSGRAM, CR standards are provided for the healthy
fitness zone perceatages only.

In the BPFT the criterion-referenced standards for the skinfold measures and body mass
index scores are related to both sets of percent body fat ranges. For boys, the 10-25% range
constitutes a basis fof "minimal" standards, while the 10-20% range is considered to be the basis
for "preferred" standards. For girls, the basis for the minimal stapdards is represented by the 17-
32% range of bbdy fat, while the 17-25% range is the basis for tﬁe preferred standards. These
values were developed from the work of Willialns, et al (1992) where it was found that
cardiovascular risk factors increased for boys above 25% fat and for girls above 32% fat using

data from the Bogalusa Heart Study (Lohman, 1992).

Skinfolds ‘ _
Three skinfold options exist in the BPFT: sum of the triceps and calf (TC) skinfolds, sum
of the triceps and ahbscapular (TS) skinfolds, and triceps (only) (TO) skinfold. The TC skinfold
is the recommended test item in the Prudential FITNESSGRAM. It was selected because it has
acceptable levals of validity and reliability (Lohman, 1994) and presumably because the calf site
is often more easily accessible to a fester than the subscapular site. Evidence of concurrent

validity for the TC skinfolds is provided, in part, by a correlation of .88 between the sum of the -
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triéeps and calf skinfolds and a multicomponent model (bone density, water content of the body,
and mineral content of the body) used to determine percent body fat (Lohman, 1994)_, |

In the BPFT ihe TC skinfolds is recommended for youngstém with MR, VI, an_d,
depending upon the na;ture of the impairment, CA/A. For youngsters with CP, SCI, and some
forms of CA/A, however, the recommended item is the TS skinfolds. Concurrent validity can
also be claimed for the TS skinfolds in part because of a correlation of .89 with the
multicomponent model of determining percent body fat (Lohman, 1994). Although the
subscapulé& site generally is more difficult to access than the calf site, it is preferred for
individuals with lower. limb disabilities because the subscapular measure more likely will be
taken over active muscle. Some experts feel that measures taken over paralyzed (or possibly
impaired) musculature will yield considerably higher skinfold readings (Rimmer, 1994), thus
oi/efestimating percent body fat.

Although the subscapular skinfold is a more desirable site thaﬂ the calf for people with
lower limb disabilities, it rhay not be easily accessible. Wheelchair-backs or body braceé- may
pre\rent reasonable access to the subscapuiar site. In cases such as these, testers have the option
of measuring only the triceps fold. The TO skinfold also was used as an optional test of body
composition in the Physical Best physical fitness test. The relationship between a single skinfold
and percent body fat, however, generally is less than when multiple gkinfold sites are used
'(McSwegin, etal, 1989). Consequéntly, testers should use the TO skinfold to assess body

composition only when no other options are available.

—
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Standards

Both minimal and preferred standards for the three séts of skinfold tests a.re given in
Table 3.2. The TC skinfold standards were derived from equations provided by Lohman (1994):

eY%fat (males, aged 6-18) =735 (TC skinfold) + 1.0

®%fat (females, aged 6-18) =.610 (TC skinfold) + 5.0
Depending upon level of maturation for subjects 8-18 years of age, coefficients of determination
(R’ values) ranged from .77 -.80 and standard errors of estimate varied from 3.4 - 3.9% body fat
when the TC skinfold equations were used to predict body fat fr_gm a multicomponent model
(Slaughter, et al, 1988).

TS skinfold standards also come priman'ly from the work of Slaughter, et al (1988). The
equations from which the CR standards were derived are as follows:

®% fat (females, aged 6-18) = 1.33 (TS skinfold) - .013 (TS skmfold)2 +2.5
(when TS skinfold is 35 mm or less)

© @Y% fat (females, aged 6-18) =.546 (TS skinfold) + 9.7
(when TS skinfold is greater than 35 mm)

®% fat (males) = 1.21 (TS skinfold) - .008 (T S skinfold)? - I
where 1= 2.6 (10-year olds)
I=3.1 (11-year olds)
I=3.6 (12-year olds)
I1=4.3 (13-year olds)
I=4.9 (14-year olds)
I =5.5 (15-year olds)
I=6.1 (16-year olds)
I=6.1 (17-year ol_ds)

The intercepts for the males were extrapolated to age ﬁom stages of maturity based on values
provided in Lohman ( 1992) (T G. Lohman, personal communication, January 12, 1998).

Coefficients of determination ranged from .76 - .82 and standard errors of estimate varied from .
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Table 3.2 -
Minimal General Standards for Measures of
Body Composition

Males
Triceps Triceps .
- plus plus Triceps Body
Percent Subscap. - Calf Skinfold Mass
Age Fat Skinfold Skinfold (mm.) Index
(mm.) (mm.) _
M M M M M

=

U L|U L |U L U L

10 |10 |25 | 11 28 12 | 33 19 | 153 | 21.0

111025 12 |2 |12 33 19 | 158 | 21.0

12 110 [ 25 | 13 30 12 | 33 19 | 16.0 | 22.0

13 110 {25 | 13 30 12 | 33 18 | 16.6 | 23.0

14 |10 [25 | 14 | 31 | 12 | 33 18 | 175 | 245

1510|2514 | 32|12 33 17 | 181 | 250

16 [10 |25 | 15 | 33 | 12 | 33 17 | 185 | 265

NWINlwlwllalalad

17 | 10 | 25 | 15 33 12 | 33 16 | 188 270

Females

10 | 17 |32 | 18 41 20 | 44 | 10 | 24 | 166 | 235

11 {17 | 32| 18 41 20 | 44 | 10 | 24 | 169 | 24.0

12 |17 | 32| 18 41 20 | 44 | 10 | 24 | 169 | 245

13 | 17 | 32 | 18 41 20 | 44 | 10 | 23 | 175 | 245

14 | 17 | 32 | 18 41 20 | 44 | 10 | 23 | 175 | 25.0

15 117 | 32| 18 41 20 | 44 | 10 | 23 | 175 | 25.0

16 | 17 | 32 | 18 41 20 | 44 | 10 | 22 | 175 | 25.0

17 117 | 32 | 18 41 20 | 44 | 10 | 22 | 175 | 26.0

L = lower boundary
U = upper boundary




; Table 3.2 (cont’d)
Preferred General Standards for Measures of

Body Composition
Males
Triceps Triceps
plus plus Triceps Body
Percent Subscap. Calf . Skinfold Mass
Age Fat Skinfold Skinfold (mm.) Index
| (mm) | (mm)
- P P P P
_ U L U L U L U L U L
10 |10 [ 20 | 11 22 12 | 26 7 16 | 15.3 | 20.0
11 {10 {20 | 12 23 12 | 26 7 16 | 15.8 | 20.0
12 110 20 | 13 24 12 | 26 7 16 | 16.0 | 20.5
13 10 ]20 ] 13 24 12 | 26 7 15 | 166 | 22.0
14 1 10 | 20 | 14 25 12 | 26 7 15 | 17.5 | 23.0
15 110 [ 20 | 14 25 12 | 26 7 14 | 18.1 | 24.0
16 | 10 | 20 | 15 26 12 | 26 7 14 | 185 | 25.0
17 1 10 |20 | 15 26 12| 26 7 14 | 18.8 | 25.5
Females |
10 17 | 25| 18 30 1 20 |33 )10 19 |166 | 21.5
11 117 [ 25| 18 30 | 20 [ 33 110 19 | 169 | 22.0
12 {17 | 25| 18 30 | 20 { 33 |10 | 19 | 169 | 23.0
13 {17 | 25| 18 30 | 20 { 33 110 | 19 | 17.5 | 23.0
14 | 17 | 25 | 18 30 [ 20|33 |10 (19175 230
15 |17 |25 | 18 30 f 20 | 33 |10 |19 | 175 | 23.0
16 | 17 |25 |.18 30 | 20 | 33 | 10.| 18 | 175 | 235
17 | 17 | 25 | 18 30 | 20 ] 33 |10 | 18 | 17.5 | 23.5

L= lower boundary
U = upper boundary

N\
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3.2 - 3.8% body fat as a function of maturity level among 8-18 year-old subjects when the TS
skinfold equations were used to predrct percent body fat from a multicomponent model
(Slaughter, et al, 1998).. :

TO standards were calculated by Lohman (T.G. Lohman, personall communicatior_r;
March 7, 1997 and May 16, 1997) and provided directly to Project Target staff fr>r use in the
BPFT. He determined percentile ranks for both BMI and triceps (only) skinfold measures using
data from ths National Children and Youth Fitness Study. The TO standards have percentile
ranks that correspond to the same percentile ranks for each of the previously established BMI
 standards.

The TO standards fluctuate somewhat with age. TO standards associated with the larger
percent body fat values that define the ranges for both minimal and preferred standards (i.e. 20%
and 25% for boys; 25% and 32% for girls) decline slightly with age'. This decline rerlects the
changes in fat distribution that occur during adolescence; that is, a greater proportion of body fat
accxrmulates in the trunk relative to the extremities with increasing age in adolescer_lce. The
standards associated with the smallest percent body fat values that define the ranges for both
minimal and preferred standards (i.e. 10% for boys; 17% for girls), however, remain constant
throughout the 10-17 age range. Thése TO standards do not decline with age because the
proportion of trunkal fat does not increase with age among leaner adolescents (T.G. Lohman,
personal commﬁnication, October 22 1997).

Of particular s1gmﬁcance is the fact that no specific standards for any recommended or
optlonal measure of body composition are prov1ded in the BPFT; that is, regardless of disability |

youngsters are expected to achieve the same skinfold (or body mass index) standards that are
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recommended for youngsters w_itho,ui disabilities. _Although previous research has reported
significantly iarger skinfold values for subjects with mental retardation (Rarick, Dobbins and
Broadhead, 1976; Rarick and McQuillan,:1977), and visual impairrhent, spinal neuromuscular
conditions, and congenital anomalies and amputations (Winnick and Short, 1982) when
compared té subjects without disabilities, no literature was found to suggest that these larger
values should be considered acceptable. While a sedentary lifestyle, a frequent correlate of
disability, helps to explain larger skinfolds in youngsters with disabilities, it does not justify it.
To the contrary, ex.cessive body fat, in its own .right, represents a significant Ahéalth-relategl
concern for persons with disabilities and may exacerbate other diéability-related conditions :as
well. Although it may be more difficult for certain youngsters with disabilities to achieve the
general skinfold standa.tds than their nondisabled peers, it may be more important that they do so.

Using regression equa_tibns developed on nondisabled subjects for predicting percent
body fat in people with physical disabilities has been questioned (Shephard, 1990). Rimmer
(1994), however, has reported that equations developed from upper body skinfolds have beén
used in investigations using subjects with SCI. He acknowledges that while these equations may
be less accurate for those with SCI, "usmg them as a general index of fatness is acceptable”
(Rimmer, 1994, p. 224) In the absence of widely accepted alternative equations for persons with
disabilities, the equations developed by Lohman and colleagues for people without disabilities
have been adopted for use in the BPFT. It is possible, therefore, that some additional error may
be operative in predicting percent body fat in youngsters with physical disabilities. Asa result,
testers may prefer to interpret skinfold results directly in terms of the size of the fold rather than :

in terms of percent body fat, but either way, the skinfold standards are not adjusted for disability.
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Aﬁglenhg

To determme if the minimal BPFT skinfold standards were w1th1n reach of youngsters ‘
with disabilities, they were apphed to TS data prev1ously collected durlng Project UNIQUE
(Winnick and Shox_‘_t, 1982). Passing rates for youngsters with cerebral palsy, spinal
neuromuscular conditions (consisting primarily of subjects with SCI), blindness, and congenital
anomalies or amputations are summarized in Table 3.3.

Passing rates (denoted by values "within zone") vary from 52% for boys with spinal
neuromuscular condiﬁons to 80% for girls with CA/A. It would appear from these data that the
standards will present the greatest challenge to youngsters wlth S_CI; approximately 1/3 of all
youngsters with spinal neuromuscular copditiens tested during Project UNIQUE were above the
minimal range. This finding is not suxprising since people with less active muscle mass will
‘have a lower potential for caloric expendlture In essence, the mode of exercise is reduced to
arms-only activities rather than "whole-body" activities which generally are recommended for
weight loss. Many youngsters with SCI pursuing the TS standards will need to counter the
"reduction" in exercise mode by increasing exercise frequency a.nd/or“ duration.

It is interesting te note that more girls with CP were below the range than above it. Being
below the range, however, probably is a less serious cencerh for those with CP since certain
- characteristics of the disability (e.g., hypertonicity, spasticity, inefficiency of movement)
probably contribute more to a youngster's leannees than poor diet or nuﬁ‘ition, or other correlates

of leanness which are associated with negative health.




Table 3.3
Pass Rates for Youngsters with Disabilities on
Sum of Triceps and Subscapular Skinfolds

Below Within Above
Zone Zone* Zone

TotailN N % N % N %

Cerebral Palsy _
Boys 1207 37 18 134 65 36 17
Girls 173 49 28 111 64 13 8
Spinal Neuromuscular
Boys 67 4 6 35 52 28 42
Girls 72 13 18 42 58 17 24
~ Blind
Boys 82 13 16 58 71 11 13
Girls 76 14 18 47 62 15 20
Congenital Anoma.ly/Amputatio_n
Boys 35 5 14 19 54 11 31
Girls 25 3 12 20 8 2 8
Combined
Boys 391 5 15 246 63 8 22
Girls 346 . 79 23 220 64 47 14
Total 737 138 19 466 63 133 18

*defined by the upper and lower boundaries provided in Table 3.2.
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~ Looney and Plowman (1990) determined péssing rates for nondisabled youngsters on the
original (1987) FITNESSGRAM skinfold measures. In the oﬁgipgl véréion, pe;'cent body fat
standards were provided only for the upper values in the range (i.e, 25 % for boys and 32% for
girls). Using TS data from the National Children and Youth F itness Study (I and II) they found
passing ratés of 89% for the males and 91% for the females. So, the percentage of youngéters
who were above the range in their analysis varied from 9-11 %. These values certainly are lower
than the "above zone" values appearing in Table 3.3. Nevertheless, the majority (63%) of
youngsters with disabilities from Project-UN"IQUE were able to_m_eet the minimal standards and
it is reasonable to assume that, with increased attention to body composition, an additional
number of their peers could do so as well.

Without access to a skinfold database for youngsters with MR, a determination of pass/fail
rates was not possible for this paper. Some evidence of attainability, ﬁowever, was provided by
the norm-referenced data reported by Eichstaedt, Wang, Polacek, and Dohrmann (1991). These
data suggest that the triceps-only skinfolds of modemtely retarded boys will exceed the minimal
standards (i.e., will be "above zone") in approximately 21% of the cases. For moderately
retarded girls it appears that the standards may be more difficult to achieve as the tricepsl
standards were exceeded (i.e., "above zone") about 30% of the time m the Eichstaedt, et al (1991)
-data. Still, it appears that the standards are within reach for many youngsters with mental

retardation and mild limitations in fitness.

6%
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Body Mass Index

B;)dy mass index is célculated by diviciing a person's Weight (in kilograms) by the square
of their height (in meters). BMI provides an indication of the apprdpriatenéss of one's weight
relative to height; it does not, however, provide a very accﬁrate estimate of percent body fat.
Correlations between BMI and percent body fat reported in the literature range from .70 to .82
for adults (Lohman, 1992), values which are lower than those reported for skinfolds. Perhaps of
greater concern, however, is the finding that standard errors of estimate associated with the
prediction of percent body fat from BMI data tend to be higher (and in some cases, considerably
higher) than those utilizing skinfold data (Lohman, 1992). High BMI values, therefore, are more
appropriately considered to be indications of i)eing "overweight" rather than "obese." "Aifhough
most overweight people are also obesse, it is possible to be obese without being overweight (i.e.,
: sedentary individuals with a small muscle mass) and overweight without being obese (i.e.,‘ bédy
buiiders and certain éﬁletés)" (Vanltallie and Lew, 1992, p. 5). For these reasons, BMI is an
optional, rather than recommended, measure pf l;ody compdsition in the BPFT. (The BMI is not
suggested for use with youngsters with SCI or CA/A.) :

Although BMI does not measure percent body fat very accurately, it is a health-related
measure of body composition. High BMI scores are relateci to increased mortality rates and the
risk increases proportionately with increasing BMI (Lohman, 1994). High BMI also has been
linked to the increased risk §f developing hypertension, hypercholesterolemia, cardiovascular
diseasei, non-insulin-dependent diabetes, certain cancers, and other medical problems (Lohman,
1992). There also is evidence that a higher BMI value ( > 75th percentile) in adolescence

translates to greater relative risk of all-cause mortality and coronary heart disease mortality in

-9
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adulthood when compared to lower (between the 25th and 50th percentiles) adolescerlt BMI_
valués (Solomon, Willett, and Mansorl, 1995). |

Very low BMI values also have been linked to hi gher all-calrse mortality- rates (Skinner |
and Oja, 1994). The s1gmﬁcance of this relatlonshlp, however, is not completely understood
since there is contradlctory evidence suggestmg that the risk of mortality does not increase
among those with the lowest BMIs (Lindsted, Tonstad, and Kuzma, 1991) and because of the
suggestion that any relationship between low BMI and mortality may be the result of other
concomitant relationships. "The excess risks of being underweight appear to be largely if not
orrtirely artifactual, due to inadequate control of confounding by chronic or subclinical illneso
and/or cigarette smoking" (Solomon, Willett, and Mdnson, 1995,hp. 9). So, any\relationship that
might exist between low BMI and increaoed risk of mortality may really be due to illness or
srrloking, conditions which would contribute to lowering BMI while increasing the risk of

mortality.

Unlike most of the okihfold otandards, the BMI standardé fluctuate \xrith age (see Table
3.2). Since the BMI includes the weight of muscle and bone (in addition to fat), it is apparent that
BMI values will increase during the developmental period. In order to determino BMI standards
7for the Prudential FITNESSGRAM, Lohman (1994), using the NCYFS data, developed
individual regression equations for males and females aged 6-17. These equations were used to
identify BMI values that correspond to 10 and 25% body fat in males and 17 and 32% body fat in-

females, the same criteria used for the skinfold standards. These BMI values serve as the

~ g
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minimal standards in the BPFT. Using the same regression equations, Lohman (T.G. Lohman,
personal communication, May 16, 1997) calculated BMI standards for 20% body fat in males and
25% in females to serve as the basis for-the preferred standards in the BPFT. As with the

skinfold measures, no specific standards are recommended for youngsters with disabilities.

Attainability
Pass/fail rates for the minimal standards for BMI were calculated for males and females
with cerebral palsy or blindness who were part of the Project UNIQUE data base. These results

are summarized in Table 3.4.

Table 3.4
Pass Rates for Youngsters with Disabilities on BMI
Below Within Above
Zone Zone* Zone
TotalN N % N. % N %
Cerebral Palsy | _ _
Boys 200 83 40 98 47 28 13
Girls 170 48 28 102 60 20 12
Blind
Boys 82 15 18 56 6 11 13

Girls .7 12 16 48 62 17 22

*defined by the upper and lower boundaries provided in Table 3.2.
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Pass rates (deﬁne_d as "withinv zone") ranged from 47% for CP boys to 68% for blind
boys. In comparing the pass/fail ratés for youngsters with CP or blindness on BMI with the
corresponding values on TS skinfolds, it 1s interesting to note that tﬁe percentages for each
category do_not vary by more than a few percentége points except in the case of boys with CP.
For this group, the differences are more dramatic. Twenty-twc; percent more males with CP were
identified as "below zone" (i.e., underweight) using BMI as opposed to TS skinfolds. An
accurate assessment of height is sometimes difficult to determine when a youngster's posture is
characterized by exaggerated flexor tone, as is the case with some youngsters with CP. The
tendency, however, would be that measuring stature (e, standmg height without regard to“'
flexed knees or hips) rather than body length (i.e., measuring body segments and summing the
parts) would resﬁlt in smaller values for "height" in the BMI equation. If height is-
underestimated, however, BMI. will be overestimated and that certainly does not appear to be the
- case with CP boys. Explaining these .differences becomes even more difficult when it is noted
that the percentages in each category for the girls with CP are quite similar for BMI.and TS
skinfolds. It appears that more work will need to be conducted to better understand the skinfold
and BMI pass rate differences for boys with CP. It. may be that moﬁ boys with CP are
"underweigh " than are excessively "lean" suggesting that a BMI-based body composition
intervention program should include muscle development since ihcreased musculature will also
tend to raise BMI. In the mea.ntimle,'t'esters should realize that the body composition pass rates
for males with CP may be higher with TS skinfolds than with BMI (although th_e "above zone"

rates should be similar).

/2
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Looney and Plowman (1990) investigated the passing rates of nondisabled.. children and
youth on the originél (1987) ’FITNESéGRAM standards for BMI using scores from the NCYFS._
They renorted passing rates of 88% for the males and 85% for the females, but it is important to
note that the original standards generally were more rigorous (i.e., required lower BMI values)
than the current ( 1_?92) Prudential F ITNESSGRAM standards. It is also important to remember
that the original FITNESSGRAM only provided a single standard (at the high end of the scale)
rather than a range of scores, so it was not possible for youngsters to fail because they were too :
light for their height. |

In an effort to place the attainability of BMI standards of youngsters with MR into some
context, we used the median height and welght data of moderately mentally retarded subjects as
reported by Eichstaedt, et al (1991). BMI values were calculated for both males and females
across the 10-17 age range using median herght and werght values In all cases.the resultant BMI
fell within the range of the minimal standards associated with BPFT. Although such an analysrs
does not provide specific pass/fail rates, it does suggest that the standards are wnhm reach of

youngsters with MR and mild limitations in fitness.

Reliabilit
Test-retest reliability of various skinfold measures has been shown to be high. Lohman

- (1994) reported that reliability coefficients generally exceed .90 in studies that have investigated
intrarater reliability (i.e., the precision of several measures taken_:at the same sites -by the same

tester). A few studies have looked at intrarater reliability of skinfold measures when persons
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w1th disabilities served as subjects. These studies are summarized in Table 3.5. Reliability
coefficients reported in these investigations have also been quite high, ranging from .90-.99.

Results of studies that have investigated interrater ieliability of skixifold testing (i.e., the
precision of several meésures taken at the same sites by different testers) suggest a greater source
of error compared to intrarater reliability (Lohman, 1994). At least some of the error attributed to
interrater reliability appears to be due to differences in training methods. Lohman (1994)
suggested that interrater reliability can be improved by using videotapes to standardize the
training of:testers and recommended that testers view such a tape prior tci collecting skinfold
data. Jackson, Pollock, and Gettman (1978) reported intraclass R's of .98 for the means of both
triceps and subsi:apul_ai‘ skinfolds from 35 subjects as measured by three testers. They reported
standard errors of 1.82 for triceps and 2.25 for subscapular folds.

Due to the objective nature i)f the measurements that comprise body mass index,
reliability is not as serious a concern for this test of body composition. "The reliability of BMI is -
very high because the measurement of height and weight is very precise when following a

standardized protocol” (Lohman, 1994, p. 59).
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In developing the BPFT, the validity claimed for test items measuring muscular strength,
muscular endurance, and ﬂexibility/range' of motion was dqmain-referenceci (see other chapters
in this manual). Domain-referenced validity is a form of logical validity which is frequently used
in the develépment of criterion-referenced tests (Safrit, 1990). For measures of body
composition, however, validity was established primarily from the concurrent and predictive
properties of the skinfold and BMI tests.

Concurrent validity is claimed for skinf"olds in part because of their relationship to percent
body fat, which in turn has been found to be r_elated to health proBlems. Body mass index, “
although it does not measure percent body fat, has been shown to be directly related to héalth
problems and is also related to skinfolds. Predictive validity of the skinfold tests lies in their

| aBility to reasonably estimate both percent bédy fat and BMI values through multiple regression
techniques. |

Although the information presented m this paper is meant to suggest that the measures of
body composition included in the BPFT have_: botﬁ suﬁicient vaiidity and reliability for use with
youngsters with disabilities, a number of additional research topics remain. Some ideas for
future research in this area include the following: |

®Determine the accuracy of body fat prediction equations developed on able-bodied
subjects for youngsters with CP or SCI;

- ®Further invéstigate the felationship between BMI and skinfolds for boys with CP (i.e.,
why did twice as many boys with CP from the Project UNIQUE data fall "below zone"
on BMI compared to TS skinfolds?); '

®Determine pass/fail rates for youngsters with MR on both skinfolds and BMI;

~J
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®Determine pass/fail rates for youngsters with VI on TC skinfolds;

: eDetermine the "decision validity" of the skinfold tests (i.e.; can skinfolds accurately
classify individuals as obese when the criterion for obesity is established through
hydrostatic weighing or other more sophisticated techniques?);

®Determine the-"consistency of classification" (a measure of criterion-referenced
reliability) for skinfolds and BMI (e.g., if a youngster is classified as "too lean" on one

administration of a skinfold test, will he/she be classified the same way on a subsequent
administration of the test?). '

It is quite possible that future research may eventually alter some of the body
composition standards associated with the BPFT. The rationale for the items, however, appears

strong and it seems that both skinfolds and body mass index have a role to play in the assessment

of health-related physical fitness in youngsters with disabilities.

N
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Chapter IV
Muscular Strength and Endurance

Muscular strengfh and endurance (MS/E) is a sub-component of musculoskeletal
functioning in the Brockport Physical Fitness Test (Winnick and Short, in press). MS/E was
conceptualized as the sub-component of health-related physical fitness concerned with the ability
to exert force through muscular contraction and the ability to sustain the production of force over
a period of time. There are 16 measures of MS/E included in the BPFT battery. Depending on
type of disability, different test items are suggeﬁed for different youngsters. Recommended (R)
and optional (O) MSI/E test items for specific disability groups (as well as for the general
population) are summarized in Table 4.1, For a description c;f test items or more specific
information on test item selection, readers are refeﬁed to the test manual (Winnick and Short, in
presé). | |

Information pertaining to the validity and reliability of the BPFT MS/E test items is
discussed below under separate headings. The validity section includes a rationale for the
sele;:ﬁon of each test item, a discussion of the bésis for the standards associated with the test, and

available data pertaining to the attainability of the standards. Following the reliability section is a

brief discussion including recommendations for future research.
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, Table 4.1
- MS/E Test Item Selection Guide by Group

G MR VI CP  saI  caA
Reverse Curl ' _ | R*
Seated Push-up R* R R
40m Push/Walk | ~ R* |
Wheelchair Ramp Test ' R*/O*
Bench Préss (35-1b.) Q* o* R*
Dumbbell Press (15-1b.) R*/O* - o* R*/O*
Extended Arm Hang R* |
Flexed Arm Hang o) R* o) o+
Dominant Grip Strength -0 o* R* R*
Isometric Push-up . O* |
Push-up R R
Pull-up o o o*
Modified Pull-up o (0]
Curl-up R R
Modified Curl-up R
Trunk Lift R R R R
Z}P = general population , . SCI= spinal cord injury
MR = mental retardation CA/A = congenital anomaly/amputation
VI = visually impaired (blind) R = recommended test item
CP =cerebral palsy =~ . O = optional test item

* Test item is recommended or optional for some, but not all members of the category; consult
BPFT manual for more specific information.
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Measures of MS/E tréd_itionally have been prominent in most physical fitness test
batteries. The AAHPER Youth Fitness Test (AAHPER, 1976), the 'Specia'l' Fitness Test for the
Mildly Mentally Retarded (AAHPER, 1976), and the Motor Fitness Test Manual for the
Moderately Mentally Retarded (Johnson and Londeree, 1976) are examples of physical fitness
test batteries that include tests of MS/E. More recently published fitness tests which have
purported to be health-related also have included MS/E items. The health-related rationale has
suggested that the development of abdominal MS/E can reduce the risk of developing low back
pain and/or that the development of upper body MS/E can improve the ability to perform daily
tasks that require lifting, carrying, pulling, or.pushing objects (AAHPERD, 1980; Coopéi"
Institute for Aerobics Research, 1987; McSwegin, Pemberton, Petray, and Going, 1989).
'F urthermore, it has been argued that the development of upper body MS/E could be importaﬁt in
escaping from a haﬁdous or emergency situation (McSwegin, et al, 1989). Most recently,
MS/E items were included in the health-related cﬁteﬁon—reférenced Prudential FITNESSGRAM
(Cooper Institute for Aerobics Research, 1992) bécause the ability to exert force (strength) and
resist fatigue (enduranc;) were perceived as important components of maintaining "balanced,
healthy functioning of the musculoskeletal s&stem" (Plowxﬁan and Corbin, 1994, p. 73).

Additional rationale for the inclusion of MS/E items in the BPFT is linked to the health-
related concerns typically aséociated with specific disabilities. The identification of health-
relatedi concerns and desired fitness profiles are important steps in the personalized approach
espoused in the BPFT (Winnick and Short, in press) and muscular strength and endurance plays al.

prominent role in those statements. Although the health-related muscular strength and endurance
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' .nee&s of youngsters with MR or VI are not appreciably different than those of no'ndis-abledi
yomgstem, the MS/E needs of younésters with physical disabilities sometimes are different or,
perhaps, more critical. The development of MS/E in persons with bhysical disabilities has besn
shown to prevent orthopedic injuries, increase bone mineral content which helps to prevent
skeletal injury, hx;prové independencs, and improve functional skills such as walking, activities
of daily living, snd sport participation (Lockette, 1995). |

Youngsters with SCI characteristically have problems with muscular atrophy, weakness,
and imbalance. In many cases 0steoporosis occurs as a result of inactivity and lack of weight
bearing (Lockette and Keyes, 1994). These conditions create dlfﬁculty in wheelchair propulsion,
gait training, transferring, and maintaining appropriate postural fitness. Upper body MS/E also is
important because the ability to lift the body from the seat of a wheelchair is useful in relieving
skin pressure from the posterior thighs and buttocks thereby reducing the risk of developmg
pressure sores (i.e., decubitus ulcers).

When compared to the general population; MSJE test scores ébtained by youhgsters with
CP tend to be low (Short and Winnick, 1986). The presence of spasticity contnbutes to
reductions in strength and endurance. Persons with spastic CP often exhibit postures
characterized by flexion, adduction, internal rotation, and pronation which are due to muscle
jmbalances. "Without interventioﬁ, and often even ciespite intervention, this imbalance becomes
more pronounced over time; this in turn causes muscle weakness and atrophy, sofi-tissue
contracture and eventual joint deformity" (Damiano, Vaughan, énd Abel, 1995, p. 731).
Although the use of direct muscle strengthening techniques as an intervention for muscle

imbalance traditionally has been cbntroversial, at least in part due to the notion that resistance
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training would increase the spasticity of the muscle, there appears to be little support for this
concern either clinically or scientiﬁcaily (Damiaxié, Vaughan, and_Abel, 1995; Richter, Gaebler-
Spira, and Mushett, 1990). According to DiRocco (1995) devclc;piﬁg and maintaining MS/E is
very important to people with CP as a way of improving funct-ion "because spastic muscles,
although h);pertonic, are not necessarily strong-- in fact, extensor muscles that oppose spéstic
flexors are often weak" (p. 17). Development of the triceps muscles is particularly important in
improving niﬁscle balance, aiding in wheelchair propulsion, enhancing crutch_-assiéted walking,
relieving skin pressure from prolonged sitting, transferring, and performing activities of daily
living.

In addition to the MS/E needs that any adolescent possesses, youngsters with CA/A,
depending on the site of the impairment, must be concerned with the effects of overuse or disuse:
on muscular balance. Spending prolonged tirfxe sitting, pushing a wheelchair, and performing a
variety of daily tasks in front of the body may overdevelop anterior ﬁpper body xﬂuscles. This
cauées an imbalance aqd the need to strengthen postgrior muscles of the neck and back extensor
muscles. These mﬁscles enhance an upright posture which contributes to the prevention of
 shoulder and/or back pain.

Although a logical relationship between MS/E and health in a generic sense is easily
established, direct links between the two are more difficult to find in the literature. How much
MSJ/E should one posses to meet sox:ne index of health status? Unlike aerobic capacity and body
composition which ha-ve s-cientiﬁc support for establishing appropriate levels for hea.lth-related
physical ﬁtness MS/E does not, at least in part, because the amount of MS/E necessary for a

health-related purpose likely will vary from purpose to purpose or task to task. As Looney and
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Plowmaﬁ (1990) stated, "it is difﬁculi, if not impossible, to find agreement on criterion tests [of
MS/E], let alone criterion values" (p. 221)

In the BPFT appropriate levels of MSY/E for health-related purposes were defined,
depending on the test item, in one (or more) of four ways: expert opini_on, normative data, logical
links to activities of daily living, and values found in the literat;xre. Expert opinion was .u-sed
most frequently, often in combination with one of the other three approaches. All of the criterion
levels of MS/E for the Prudential FITNES SGRAM test items included in the BPFT were derived-
from expert opinion (Plowman and Corbin, 1994).

Although the use of normative data as an index of health rﬁay seem antithetical to “
criterion-referenced testing and somewhat arbitrary, there is a modicum of support for the
selection of the 20th percentile as a critical value. First, analysis of gerobic fitness data has
indicated that the greatest diffefence in disease risk occurs between men and women in the
~ lowest quintile (i.e., bottom 20 perceet) when compared to those in the second quintile (Blair,
Kohl, Paffenbarger, Clark, Cooper, and Gibbons, 1989). .This suggests, at least with regard to
aerobic fitness, that the greatest health benefit can be gained by scoring above the 20th percentile.

Second, MS/E data reported by Malkla ( 1993) seem to be somewhat consistent with the
notion of escaping the 20th percentile as a health-related criterion. He compared the mean scores

of healthy and diseased men and women on grip strength, sit-ups, and other items. Health status
(healthy vs diseased) was self-reported but dependent on physician diagﬁosis. Malkia found that
the diseased men and women had mean gfip strength scores that were 87% and 88% ef those

obtained by healthy men and women, respectively. A similar comparison was made for sit-ups
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:for which diseased men and women obtained means 75% and 76% of those of their respective
healthy counterpane. |

We applied these percenfaées to the means of some avajlable data sets fer nondisabled
children and adolescents. As part of Project Target, 680 boys and éﬁls aged 10-17 were tested on
dominant grip stre_Agth. Mean scores for each gender by age combinatien were adjusted by the
percentages reported by Malkia and compared to the respective 20th percentile value (P20).
There was an insufficient number of 12- and 13-year-old girls to include in the analysis, but
comparisons were mede for each of the other 14 gender by age combinations. | The adjusted
means were identical to or within just one kilogram of P20 for 13 of the 14 comparisons and
within two kilogré.ms of P20 for the remaining comparison. “

In the case of sit-ups, mean valuee for data collected on a national sample of nondisabled
subjects aged 10-17 (n=1,162) (Winnick and Short 1982) were adjusted by Malkia's percentages
and compared to the P20 values assomated with the National Chlldren and Youth Flmess Study
(Ross, Dotson, Katz, and Gilbert, 1985) The adjusted mean values were identical to or within
one sit-up of P20 in 12 of the 16 gender by age categories. In the four remaining categories the
diﬁerence ranged between two and four sit-ups.

It is unlikely that similar analyses with other data sets for grip strength and sit-ups will
"yield results identical to the analyses described above, namely that Malkia's percentages which
purport to distinguish between healthy and diseased adults provide a remarkably good estimate of
the 20th percentile for children and adolescents. Data characteri;tics such as skewness, for
instance, will vary from sample to sample and will influence the ability of Malkia's percentages

to coincide with P20. Still, when these results are considered along with Blair, et al's (1989)
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ﬁndings pertaining to aerobic fitness, the utilization of the 20th percentilé as a tentative health-
related criterion-referenced #andard seems reasonable, especially m the absence of a better
index. |

For some of the 'items in the BPFT battery, criterion levels of MS/E were linked to
activities of daily living: To answer the question, "Does a youngster possess a necessary level of
MS/E to perform a particular ADL?" one might simply test the ADL. This approach was taken
for four test items, including, for example, the wheelchair ramp test which requires youngsters to
push their ;vheelchairs up a standard ramp.

Finally, in some cases values recommended in the literature were used to help establish
criterion levels of MS/E. Exémples include a recommendation by W;ters (1992) with regard to a
functional walking speed which was utilized in the 40m push/walk test and one by Kpsia.k and |
Kottke (1990) pertaining to skin pressure relief that was incorporated into the seated push-up.

Sixteen measures of MS/E are included in the BPFT. Six of the tests (flexed arm hang,
push-ups, pull-ups, modified pull-ups, trunk lift, and curl-ups) are included in the Pmdenﬁd
FITNESSGRAM test battery. Effort_ was xhade in the development of the BPFT to establish an
association with the Prudential FITNESSGRAM so that test-users could switch back-and-forth
between the two tests as necessary. The Prudential FITNESSGRAM items are discussed below
as a group. Six other tests (modified curl-ups, grip strength, isometrig push-up, bench press, |
extended arm hang, and dumbbell press) were included to be used as alternative measures of
MS/E for youngsters with selected disabilities for specific reasons. Each of these items is
discussed separately (or in pairs).. The final four items (seated push-up, 40-meter push/walk, .

wheelchair ramp test, and reverse curl) also are alternative measures, but were designed

$s)
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:speciﬁcally for youngsters with physical disabilities. Each of these four items is discussed

separately later in the chapter.

Flexed Arm Hang, Push-ups, Pull-ups, Modiﬁed Pull-ups, Trunk Lift, aﬁd Curl-ups

These six test items are included in the Prudential FITNESSGRAM. Some (or all) of
these items are either recommended or optional tests for youngsters who are blind, mentally
retarded, or, depending upon the site of the impairment, have anomalies or amputations.

Information on the rationale and validity (as well as reliability) of these test items is
already available in the literature (Plowman and Corbin, 1994) and @ill not be reiterated here in
any great detail. In essence the claim for the validity of all of these test items is largely logical
(i.e., domain-referenced). The trunk lift and curl-up tests have been linked to the incidence of
low back pain, but those relationships are not yet completely understood. Skinner and Oja
(1994) recommended that both trunk ﬂexionl and trunk extension strength/endurance be tested
when'attempting to assess the muscular fitness of the trunk. "Strong fatigue resistant trunk
muscles (both abdominal flexors and trunk extensors) maxntam spinal and pelvic aliénment,
provide stability, and allow for controlled movement" (Plom and Corbin, 1994, p. 92).

A "criterion health condition" has not been identified for the four upper body measures
althouéh "it has been speculated that strong muscles of the upper body region ére necessary as a
protection against osteoporosis at advanced ages" (Plowman and Corbin, 1994, p. 93). In the
BPFT the logical validity for the inclusién, of all of these items is extended to the notion that
sufficient strength and cﬁduréhce of the trunk, shoulders, arms, and hands is necessary to

"perform and sustain daily activities," a component of the BPFT definition of health-related
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phys1'cal ﬁtness Previous factor analytic work using subjects with disabilities established that
flexed arm hang and pull-ups generally are aSSOCIated with factors labeled “power-strength ”a
characterization applied to tests typically lasting less than 30 seconds and mvolvmg a “relatively
high load” (Wmmck and Short, 1982).

Standards

The general standards of the BPF T for flexed arm hang, push-ups, pull-ups, modified
pull-ups, trunk lift, and cu;l-ups were adopted from the Prudential FITNESSGRAM and appear .
in Table 4.2. The FITNESSGRAM CR standafds for each of these items was based on expert
opinion derived, in part, from an analysis of normative data collected in the United States and
Canada (Plowman and Corbin, 1994). Where appropriate, FITNESSGRAM standards win'ch
define the lower end of the "healthy fitness zone" are considered to be "minimal general
| standards” in the parlénce of the BPFT; standards at the higher end of the zone are called . |
"preferred general standards."

When these tests are either reéommegded or optional for youngsters with VI, MR, or
CA/A, general standards are used to assess ;ﬁrforﬁance, with c;ne exception. Flexed arm hang is
arecommended item fof youhgsters with MR (aged 13-17) for which specific standards are
provided in addition to general stan&ards. | |

Specific standards are provided for some MS/E items in the BPFT battery for youngsters
with MR when an adjustment to the general standards appeared to be warranted (see Table 4.3).
There is a consistent trend in the literature that docunients a performance discrepancy between
youngsters who are retarded and nonretarded on many measures of MS/E. Factors such as

motivation, fewer opportunities to train, fewer opportunities to participate in physical activities,
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' Table 4.2 :
General Standards for Measures of MS/E in the BPFT .
Males

Flexed | Push-up Pull-up Modified Trunk " Curl-up/

Arm Hang # # Pull-up Lift Modified

Age (sec.) Completed) | Completed) | (# Completed) (in.) Curl-ups
o (# Completed)

M Pl M P (M P| M P L 8] M P
1004 {10] 7 | 20 1 2 5 15 9 12 12 24
11 | 6 |13 | 8 | 20 1 3 6 17 9 12 15 | 28
12 110 (15 | 10 [ 20 | 1 3 7 | 20 9 | 12 18 36
13 [12 | 17 | 12 | 25 1 4 8 22 9 12 21 40
14 |15 20 | 14 | 30 2 5 9 25 9 12 24 45
15 [ 15 [ 20 | 16 | 35 [ 3 7 10 27 9 12 24 47
16 |15 20 | 18 | 35 5 8 12 30 9 12 24 47
17 {15 ) 20 | 18 [ 35 | 5 8 4 [ 30 | 9 | 12| 24 47

Females

10| 4fl10] 7|15 1 2 | 4 13 | 9 12 12 26
116 |12 7|15 1 2 4 13 9 12 15 29
12 |7 (12| 7 15 1 2 4. 13 | 9 12 18 32
13812715 1 2 4 13 9 12 18 32
4 | 8|12 7|15 1| 2 4 [ 13| 9 | 12| 18 32
15 |8 12 7|15 1 2 4 13 9 12 18 35
16 (8 (127 |15] 1| 2 4 13 ] 9 | 12 18 35
17 [ 8 | 12 | 7 | 15 1 2 4 13 9 | 12 18 | 35

L = lower boundary of acceptable range
U = upper boundary of acceptable range
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Table 4.2 (cont’d)

Males
Dominant Bench R Dumbbell
Grip Isometric Press ~ "Extended Press
Age Strength Push-up # Arm Hang #
kg.) (sec.) Completed) (sec.) Completed)
M P M P M P M P M P

10 | 18 | 22 |40 | 40 30 | 40

11 | 21 26 40 | 40 30 40

12 25 30 40 | 40 30 40

13 | 29 | 35 20 | 34 14 | 22

14 33 | 42 33 43 19 28
‘15 37 46 40 50 21 33

16 | 43 | 51 47 | 50 24 | 39

17 49 57 50 50 27 | 45

| ” Females

10 | 17 | 20 | 25 | 40 20 | 40

11 19 22 25 | 40 20. 40

12 22 24 | 25 | 40 20 40

13 24 28 10 23 5 12

14 26 31 13 26 7 14
15 29 33 14 27 10 16

16 29 33 14 27 11 16

17 29 33 15 30 11 16

93




Speéific Standards for Youngsters with MR

Table 4.3

82

and Mild Limitations in Physical Fitness

- Males
‘ I;ﬁﬁ,c l?’i::: Extended Flexed Do(;m:illl)ant lggjf;:
aee (sec) Comg;eted) Ar?slef:h)mg Ar?slef:h)mg St(rlig?h @
) ) ’ Completed)
10 20 23 12 7
11 20 23 14 9 -
12 20 23 16 .1
13 10 6 19 - 13
14 16 8 22 14
15 20 8 24 14
16 23 8 28" 14
17 25 8 32 14
Females
10 13 15 11 7
11 13 15 12 9
12 13 15 14 11
13 5 4 16 11
14 6 4 17 11
15 7 4 19 1
16 7 4 19 11
17 8 4 19 11
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poor instruction, and/or physiological factors _li'ave beén cited by researchers attempting to
explain ﬂ-le perforrr;ance gap. |

Where speciﬁc standards ;re provided for youngsters with MR in the BPFT, they are
derived by lowerin_g the minimal general standards by a pel;centagelfthat ranges from 25-50%.
. The particular percentage utilized is an estimate of the performance discrepancy identified for a
specific item in previous research. In selecting a particular percentage for a speciﬁc item,
available data collected on subjects with both mild and moderate MR were considered.
Depending on the tesf item in question, and in addition to comparative data collected as part of
Project Target, data sources consulted included Francis and 'Rarigk (1959), Hayden (1964),
Sengstock (1 966); Vodola (1978), Raﬁck, Ddbbins, and Broadhead (1976), Johnson and
Londeree (1976), Rarick and McQuillan l( 1977), Findlay (1981), Reid, Montgomery, and Seidl
' (1985), Roswal, Roswal, and Dunleavy (1986), Montgomery, Reid, and Seidl (1988), Plzzaro
 (1990), and Eichstaedt, Wang, Polacek, and Dohrmann (1991). 'A

The 25-50% adjustment range serves to o?erationaliie the noﬁon of "mild limitations in
fitness." Many youngsters with MR, especially those with milder forfhs, essentially have no
limitations in fitness (i.é., require less than a 25% adjustment to scores typically obtained by the
general population) and are able to, and should, pursue the‘ general standards. Youngsters with _ -
~ MR who require more than a 50% adjustment to general population scores (or who cannot learn
to perform a‘particular test item) are considered to have severe limitations in fitness. Testers may
have to develop individualized standards for youngsters in this létter group. (Other options
include assessing physical activity. rather than fitness or using task analytic strategies for

measuring fitness.)
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In the case of flexed arm hang, an analysis of rglévant data (Eichstaedt, et al, 1991;
AAHPER, 1976; and Johnson and Londeree, 1976) suggested thatla 50% adjustment to the
minimal general standards was warranted. The 50% adjusﬁnenf" is‘tl'le‘max.imum adjustment
allowed under the concept of "miid limitations in fitness" described above and appears to be
necessary based on the data reviewed. Testers also may choose to use general standards when
assessing the performance of youngsters with MR. In this way it is hoped that youngsters and
teachers will be encouraged to pursue levels of fitness consistent with those recommended for

youngsters without disabilities.

inabili . |

A number of youngsfers with MR or VI were tested <;n five of the six ITNESSGRAM
items in conjunction with Project Target (no data were collected on modified pull-ups).
Yéuﬁgsteré'“dﬂl MR Qere tested in the New York City public schools, the Houston Independent
School District, and the School of the Holy Childhood in Rochester, NY. Youngsters with VI
were tested in the New York City public schools and at sport camp sites in East LaﬁSing and
Kalamazoo, Michigan. Number of subjects tested and passing rates for varioﬁs standards are
presented for these and other MS/E items in Table 4.4. |

The passiﬁg rates shown in Table 4.4_ suggest that most youngsters who are visually
impaired should find the minimal general standards associated with the trunk items (trunk lift
and curl-ups) to be within their reach. The standards for the arm and shoulder items (flexed arm
hang, pﬁsh-ups, and pull-ups), however, will be more challenging. Most youngsters W1th mental -

retardation and mild limitations in fitness will find the minimal general standards for the trunk-

96




. Tabledd
~ Passing Rates for Subjects with MR and VI for Relevant.
Tests of MS/E and Available Standards

Standards

Items Group N - Mlmmal Preferred

' Specific General General

Flexed Arm Hang MR | 25 24% 8% 4%

VI 57 NR 25% 14%

Push-ups Y 99 NR 31% 10%

Pull-UPS VI 53 NR 23% 8%

Trunk Lif MR 113 NR 61% NR

VI 102 NR 85% NR

Curl-ups VI 104 NR - 55% 30%

Modified Curl-ups MR 36 50% 39% 11%

Grip Strength MR 14 55% | 8% 5%

Isometric Push-up MR** 0 43% 30% 28%

Bench Press MR* A 76 40% - 15% . 1%

Extended AmHang ~ MR** 36 39% 3% 14%
‘Ages117 MR = mental retardation

** Ages 10-12 VI = visually impaired

" NR = standard is not recommended for that item for specific youngsters

rg
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lift to be attainable, but the standards for the ﬂéxed arm hang apparently are more difficult. Even

with a 50% reduction to the mlmmal general standards, only 24% of the subjects tested could

achieve the minimal specific standards.

Modified Cur:l-up

The modified curl-up was added to ’the BPFT battery after it was determined that many
youngsters with MR who were participatipg in a Project Target training study were unable to
efficiently learn the curl-up test using Prudéntial FITNESSGRAM procedures. Youngsters had
difficulty dealir_lg with the t"bur inch strip. Perhaps the use of the strip conflicted with how they
had previ;)usly learned to perform sit-ups, or perhaps because the strip is not easily seen, it did
not provide a concrete target to sufficiently provide motivation. The use of the modified curl-up
3 appeared to improve student learning éigniﬁcantly. The BPFT modified curl-up is similar to the
partial curl-up described by Jette, Sidney, and Cicutti (1984) who pointed out that EMG analysis
suggested that the endurance of the abdominal muscles (recms abdominis and obliques) likely

was the limiting factor in test performance.

Standards
| The standards associated with the Prudential FITNESSGRAM curl-up were adopted as

the general standards for the BPFT modified curl-up (Table 4.2). It was felt that the two items
were sufficiently similar so that different standards for curl-ups and modified curl-ubs would not
be necéssary. There is some e\;i'dé.nce among adults, however, that the curl-up test may yield
somewhat higher scores than the modified curl-up test (Faulkner, Sprigings, McQuarrie, and

Bell, 1989).
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Specific standards for youngsters with MR are available for the modified cuﬂ-ups (See
Table 4. 3) Specific standards were developed following an analys1s of prev1ously published data
(Reid, Montgomery, and Seidl, 1985 Roswal, Roswal, and Dunleavy, 1986, Ranck,
Dobbins, and Broadhead, 1976; Vodola, 1978; Pizzaro, 1990; Sengstock, 1966; and Eichstaedt,
et al, 1991) for vaxdous forms of the eit-up or curl-up tests. The specific standards reflect a 40%
reduction to the minimal general standards, consequently the specific standards are 60% of the

minimal g_eneral standa.rds.

Attainability
The pass rates for 36 youngsters with MR from Rochester, NY tested on the modified

curl-up are presented in Table 4.4. With almost 40% achieving the minimal general standards,

this is an item with standards that are readily within reach for youngsters with MR.

Dommant Grip Strength

Dominant grip strength isa recommended item for youngsters W1th either SCI or CA/A
and an optional item for youngsters with CP and MR. Grip strength has been used with good
success with youngsters with physical disabilities (Winnick and Short, 1985) as well as with
youngsters with MR (Rarick, Dobbins, and Broadhead, 1976; Rarick and McQuillan, 1977).
Factor analyses of data_ collected on subjects with disabilities suggested that grip strength
measures generally are associated with faetors labeled “strength,” a term used to convey activities
requiring maximum (or near maximum) muscle contractions over a brief period of time ;(up to-
about 1 second) (Winnick and Short, 1982). Althoug__h the item is optional for youngsters with

MR, it is included in the battery primarily for youngsters with physical disabilities as a measure
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of upper body MS/E. In summanzmg literature related to handgrip force, Shephard (1990)
indicated that static grip strength is égood predicror of total upper body isokinetic strength and
that a substantial relationship exists between grip strength and hobifual physical activity for
individuals with SCI. Project Target research with nondisabied subjects yielded Pearson r's of
77 (n=38i) and .76 (n=501) between dominant grip strength and 35-1b bench press and i5-lb
dumbbell press respectively. The inclusion of a grip strength test for youngsters who propel their
wheelchairs w1th their arms or who use crutches for mobility also can be justified on logical

grounds; independent locomotion would seem to be dependent, at least in part, on grip strength.

tand s

The general CR standards for grip strength are gir/en in Table 4.2. The minimal general
standards for grip strength, as well as for some of the other MS/E items in the BPFT, are based
~ on expert opinion and are derived from normative data (Advisory Committee, 1995); specifically,
the minimal general standard for grip strenéth approximates the 20th percontile for data normed
on nondisabled subjecté (n=680) tested during Projéct Target. |

The preferred general standards for grip strength also are based on expert opinion
(Advisory Committee, 1995). In this case, the 60th percentile of the same data set serves as the
prefenod CR standard and is meant to represent a "good" level of health-related fitness.

The performance of youngsters with SCI, CA/A, and CP on grip strength is compared to
the general standards (Advisory Committee, 1995) Spec1ﬁc standards for the grip strength,
however, were developed for youngsters with MR (See Table 4.3). An analysis of previously

published comparative data (Rarick, Dobbins, and Broadhead, 1976; and Montgomery, Reid, and
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‘Seidl, 1988) as well as data collécted as part of Project Target (115 subjects with MR contrasted
with 680 nondisabled subjects) suggested that a 35% reduction to the minimal general standards
would be an appropriate estimate of the pérfonna.nce discrepancy existing between retarded and
nonretardedl youngsfers on grip strength. The specific standards, there_fore, are 65% of the

minimal general standards.

Attainability |

Pass rates for grip strength (dominant hand) collected as part of Proj ect Target are
summarized in Table 4.4 for subjects with MR. The availability of specific standards for—this
group would seem to be important in providing an obtainable goal; the pass rates for the general
standards are less than 10% for youngsters with MR. Available data for youngsters with physical
disabilities is limited. Eleven youngsters with CP (appropriate classes only) and fc;ur with SCI
(paraplegia) were tested on grip strength during Project Target. Six of 11 (55%) of the CP.
subjects met the minimal general standards while four of the 11 (36%) were able to reach the
preferred general standards. Of the four SCI subjects, all four (100%) attained the rmmmal
general standards and one of thg four (25%) met the prefeﬁed general standard. No data were

collected for youngsters with CA/A.

Isometric Push-up and Bench Press

The primary rationale for the inclusion of the isometric push-up and the bench press
(35-Ib) was to provide alternative measuréé of triceps-related strength and endurance for
youngsters with MR; both items are optional for this group. (Project Target ﬁeld-testiﬁg revealed..

that many youngsters with MR had difficulty learning to perform the traditional push-up
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V.(':o.rrectly.) The bench press also is appropriate for youngsters with lower limb disgbilities (i.é.,
SCI, CA/A) and is an optional test for these groups in the BPFT. Both the isometric push-up and
the bench press have been used Sﬁfccessﬁllly with special populaﬁoﬁs and are the measures of ‘b
upper body strength and endurance included in the Kansas Adapted]Special Physical Education
Test Manual (J ohx_m.Son and Lavay, 1988). During the development of the Kansas test, pilot
testing revealed that the bench press was not particularly appropriate for youngsters under the age
of 13. Younger childreh were fearful of the weight and bar, 35-1bs proved to be too heavy to lift,
and equipment requiréments were inconvenient for itinerant teachers (Eichstaedt and Lavay,
1992). Furthermore, 35-Ibs might constitute a maximum liﬁ for some youngsters, a practice
which generally is d1scouraged for prepubescent individuals (Natlonal Strength and Conditioning
Association, 1985); consequently this test is recommended only for youngsters aged 13-17 in the
BPFT. The isometric push-up serves more "as. a lead-up test item to the bench press (or possibly
the traditional push-u;;) and therefore is recommended only for youngsters aged 10-12.-No
correlational data betwet;n isometric push-up and bench press are available, but Project Target
research found a Pearson r of .55 between the isometric push-up and fraditio‘nal pusH-ups fora

group of nondisabled subjects (n=120) aged 13-15.

Standards
In the BPFT, géneral standards are provided for youngsters aged 10-12 for the isometric

push-up and 13-17 for the bench press (See Table 4.2); Both minimal and preferred standards
were established using normative data; minimal standards approXimate the 20th percentile and

preferred standards approximate the 60th percentile of data collected on nondisabled subjects
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duﬁng Project Target. A total of 177 10-12-year-old subjects and 322 13-17-year-old subj ects
were tested on the isometric push-up and bench press, respectively. Test protocol for the
isometric push-up limits the maximum score to 40 s which.expléins. why tﬁe minimal and
preferred sﬁndmds soxhetimes overlap. Similarly the bench press is limited to a maximum of 50
repetitions for boys and 30 for g_irls Which also creates some overlapping of standards (i.e., 17-
year-old boys). General standards are appropriate for youngsters with SCI and CA/A (lower limb
disabilities) for the bench press. | |

Sp;eciﬁc standards are available on these two items for youngsters with MR (See Table
4.3). The specific standards reﬁect a 50% adjustment to the minimal general standard. The basis
for this adjustment comes primarily from limited comparative data collected during Project
Target. The mean bench press scores of 31 subjects with MR were contrasted to the mean scores
of 322 nohdisabled subjects by gender and age (13-17). A similar comparison was made
betw_een 13 subjects with MR and 177 nondisabled subjects (aged 10-12) on theAisometric push- -
up. For both items the group with MR generally had means lesé than 50% of the means of their
nondisabled counterparts. A 50% adjustmént was gelected as the basis for specific standards for
both items to represent the maximum adjustment allowed for the Project Target notion of "mild

limitations in fitness" (Advisory Committee, 1996).

A ttainabilit
Pass rates for MR subjects tested during Project Target on isometric push-up and bench

press are provided in Table 4.4. It is apparent that many youngsters with MR will need to train to-

reach these standards; the pass rates for even the specific standards are less than 50%. (V. éry
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:limited data were collected on youngsters with either SCI or CA/A, but there is a logical
expectation that individuals with lower limb disabilities can, and should, attain the general

standards.)

Extended Arm Hang

As with the isometric push-up, the extended arm hang is included as a lead-up test item
for youngsters w1th MR aged 10-12. In this case the "parent" test item is the flexed arm hang.
Youngsters with MR typically do not do well on the flexed arm hang with many making zero
scores (Johnson and Lavay, 1988). Both items require participa{nts .t"o support their body weight
off the floor by grasping a bar with their hands. A moderate relationship (r=.54) was found
between the extended arm hang and flexed arm hang among 111 nondisabled subjects (aged 14-
17) tested during Project Target. The extended arm hang has been previously recommended as a
fitness tést item for youngsters with MR (Hayden, 1964) and is meant to provide younger
. students with some bar hang experience and yield test scores that can discriminate among ability
levels.

Standards

The general standards for extended arm hang (See Table 4.2) were developed by testing
nondigabléd youngsters. The minimal standards apprbximate the 20th percentile of a distribution
of scores obtained by 403 10-12-year-old subjects; The preferred standards are equivalent to the
maximum score allowed by the test profocol (40 s) and répresent a value that is less than the 60th
percentile. During datg collection for Project Target the maximum scoré was set at 120 s. PGO

values ranged from 49-60 s for girls and 62-88 s for boys. The preferred standard was limited to
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40s, howeve;r, in part because many Asubjects fepo;ted discomfort in the hands (apparently due to
bar friction) during more lengthy hangs.

Specific standards are available for youngsters with MR (Table 4.3). The specific
standards reflect a 25% adjustment to the minimal general standards; the specific standards,
therefore, afe 75% of the minimal generd standards. In arriving at the 25% adjustment, P50
values obtained for the nondisabled subjects were contrasted with P50 values obtained by
Hayden ( 1964) on a sample of severely retarded youngsters. Scores obtained by Hayden's
subjects ranged from 82-93% of the Project Térget nondisabled scores. To create the spe‘ciﬁc
standards, 75 % of the minimal general standards was used in keeping with tile operational

definition of "mild limitations in fitness" (25-50% adjustments).

Attainability
Thirty-six subjects (aged 10-12) with MR from Rochester, N.Y. (two studies) and New
York City were tested on the extended arm hang. Pass rates for the available standards are
provided in Table 4.4. The pass rates for most of the MS/E items for youngsters with MR for the
specific standards range from about 40-50%. The extended arm hang value of 39% is close to

the low end of that range.

Dumbbell Press

The dumbbell press (15 -1b) is either a rec;ommended or optional test item for youngsters
'aged 13-17 in subclassifications associated with CP, SCL, or CA/A. Its inclusion in the BPFT
battery stems primarily from the desire to offer an elbow extension item for participants with CP.‘-

" The bench press is a BPFT item that requires elbow extension, however, the dumbbell press has
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an Aadvantage over the bench press in that it can be taken by persons with hemiplegia whxch
makéé it appropﬁate not only for some youﬁgsters with CP but also for those with other single-
arm impairments (e.g., CA/A). The dumbbell press has the added édvantage of increased |
feasibility over the beﬁéh press since it does not require wheelchair-users to transfer prior to
administration nor does it require as "r”nuch equipment. Project Target research with 490

nondisabled subjects aged 11-17 found a good relationship (r= .81) between the two items.

Standards

Only genefal standards are provided for the dumbbell press (See Table 4.2) for youngsters
13-17. Expert opinion was .used to determine that the general standards are appropriate for the
classes of subj écts for whom the test was designed (Advisory Committee, 1996). Participants
need only to reach the standards on one side of the body (i.e., preferred hand). As with some of
the other MS/E items, the basis for the minimal and prefen'edl standards is an approximation of

the 20th and 60th percentiles, respectively, of data collected on nondisabled adolescents (n=447).

inabili
Attainability data is limited for the dumbbell press (preferred hand). Nine youngsters
with CP and just two with SCI took this test item during Project Target testing in Brockport,
N.Y. Only one of the nine subjects with CP met the minimal genera!_ standard for dumbbell
press. This subject also attained the prefefred standard. Of the two subjects with SCI, both

reached the minimal standard and one met the preferred.
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Seated Push-up

The seated push-up is the first of the four tests specifically designed for youngsters with
physical disabilities-.' It is included in the BPFT battery primarily for wheelchair-users (e,
selected subclassifications Qf CP, SCI, and CA/A). (The seated éush-.up also is recommended for
ambulatory'CP class C6.) The test measures upper body s_trehgth and endurance, particularly of
the elbow extensors. The ability to lift the body from the seat of a wheelchair by placing the
hands on the arm rests and extending the elbows is believed to be important for lifting the body
and providing relief of skin pressure and as a prerequisite to transferring (Advisory Committee,
1995). (Testers should recognize that perfomaﬁcé may be affected by wheelchair size or fit to
the youngster.) As a measure of elbow extension, the seated push-up also has some signiﬁéanée
for improving muscle balance around the elbow joint éspeciélly for youngsters with spastic CP

who tend to have flexor dominance in the upper extremity.

Standards

Speciﬁc standards for each of the four tests designed for persons with physical disabilities
are given in Table 4.5. Two specific standards are provided for the seated push-up and are the
same for all gender and age categories. The 5 s standard is linked to the recommendation by
Kosiak and Kottke (1990) that a "regimen in which there is complete relief of pressure for
approximately 5 sec every 15 min" is the best advise -for reducing the risk of acquiring pressure-

induced skin ulcers (p. 977).
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Speclﬁc Standards for Youngsters with Physical Disabilities

Table 4.5

on Reverse Curl, Seated Push-up, 40-meter Push/Walk, and Ramp Test

96

Males and Females

Age Reverse Seated 40-meter Wheelchair
- Curl Push-up® Push/Walk' Ramp Test?
# (sec.) (sec.) (ft.)
Completed
10-17 1 5/20 Pass 8/>15

' Youngsters pass when they cover the distance within 60 s of the acceptable heart rate xntensnty

? Scored as pass/fail based upon either standard.

The 20 s standard is derived solely from expert opinion (Advisory Cdmmittee, 1995).

. Based on clinical experience and informal observations, it was felt that the ability to lift and

support the body for a period of 20 s would be sufficient for most transferring situations.

\ttainabilit

Pass/fail information is limited for the seated push-up. Of eight youngsters with SCI

(paré.plegia) tested during Project Target, six (75%) were able to exceed 10s; in fact, five of eight

(63%) were able to hold themselves up for 30 s or more. Eight of 11 youngsters (73%) with CP

(classes C2-C4 and C6) were able to achieve or surpass 10 s on the seated push-up. All 19 of

these subjects with either SCI or CP were within the 10-17 age range. The test was also

A administered, however, to five adult Paralympians with CP and all five were able to score at least

30s on the seated push-up.

168



97
40-meter Push/Walk

The 40-meter push/walk is included pnmanly for youngsters who have a need to elther
develop or maintain independent forms of locomotion. It was spec1ﬁcally designed for CP
youngsters in classes C2, C3, and C6. The test purports to be a measure of the strength and
endurance necessary for functional mobility, defined as the ability to maintain a certain speed at a
low level of exercise intensity. Functional mobility is considered critical to the independence of
persons with physical disabilities. For the BPFT, mobility includes both ambulation and
wheelchair propulsioﬁ. It is not unusual for ambulatory youngsters with physical disabilities,
including CP, to increasingly rely on wheelchiairs for locom'otioq‘ as they get older (Waters,

1992). Youngstefs who walk, therefore, shouid strive to continue to walk rather than to Begin to
rely on a wheelchair for their mobility. _Similarly, those who use a wheelchair need to continue to

“propel the chair independently rather than to begin to rely on others (or motors) for propulsion.

Standards

As shown in Table 4.5, a single specific standard is recommended for all gehder and age
categories. The standard represents the ability to travel at a rate of at least 40 m per min. This
value is based on ﬁe observation by Waters:(1992) that “the functional range of walking speeds

in adults ranges from approxxmately 40 meters/mmute to 100 meters/minute” (p. 454). In the
BPFT 40 m/min has been adopted as the mlmmal speed necessary for functional moblhty
(ambulatory or wheelchaxr)
Some consideratiop was given to adjusting the standard downward for children and

ado_lescents since the 40 m/mm vanllue; wasfor adults. Energy expenditure for walking tends to
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decrease as children get older (Waters, 1992); this, combined with the fact that increésed body |

size éenerally will result in increased stride length, sug_geSted that a downward adjustment of the
standard might be warra_nted for younger participants. Waters (1 992), however, found that the
energy expenditure for CP subjects increased between ages five and 17 and is "consistent with
the increased body weight and size 1n older children and the greater difficulty of the child with
impaired motor control and spasticity carrying the added weight" (p. 487). It appears that if
youngsters cannot attain the 40 m/min speed in childhood/adolescence, it is unlikely that they
will be able to do so as an adult.

Although 40 m/min is the CR standard for functional mobility, there is another very
important condition that has to be met. Youngsters must be able to meet the speed standard
while maintaining a heart rate indicative of light exercise intensity. Lerner-Frankiel, Vargas,
Brown, Krusell, and Schoneberger (1986) estimated that community ambulation reqtiired their
subjects th cover an average of approximately 330 m to complete their task. Ata speed of 40
m/nﬁn, it would take an individual over eight minutes to reach and negotiate the destination.
Consequently, it is necessary that the functional speed be maintained without undue fatigue. If
40 m/min is a "wind sprint” for youngsters it would not.be considered functional because it could
not be sustained in the community.

Heart rate is used as an indicator of "comfortable" exercise intensity for the 40-rﬁewr
push/walk. For the purposes of the BPFT, 60% of maximum predicted heart rate was used as a
demarcation between light and moderate intensity (ACSM, 19955; youngsters have to travel at 40
m/min at a heart rate below 60% max to pass the test. Although maximum heart rate varies as a ‘.

function of age, 125 beats per minute is the criterion used in the test as an estimate of the upper
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-limit of light exercise inteﬁsity for participants who walk or propel their wheelchairs with their
legs. For those wh§ propel their whe:elchairs with their arms, the gﬁteﬁon is 115 beats per
minute, adjusted to reflect diﬁ‘ererﬂlces in the demands of arms-ohly forms of exércise (R_immer,
1994). Itis assum__ed that youngsters who can travel at a speeci of at least 40 m/min at a light or
comfortablé exercise intensity possess functional mobility for cdmmunity use (Advisory-

Committee, 1997).

A ttainability.
The 40-meter push/walk was field tested on only a few subjects as part of Project Target.

Useable data were collected on just five subjects with CP, two from class C3 and three from class

C6. All five subjects were able to pass the test.

Wheelchair Ramp Test |

Like the 40-mét§r push/walk, the wheelchair ramp test is a measure of fur-xction.al
mobility. Itis included specifically for CP class C3 _‘only and purport.;: to assess the MS/E of the
upper body to propel a wheelchair up a standard ramp.

Standards

The CR standards for the ramp test are provided in Table 4.5. The conditions for attaining
ihe first standard require youngsters. to propel a wh:elchair up a ramp that has eight feet of run
and a rise of elght inches. These dlmensmns coincide with those recommended by the Amencan

National Standards Institute (1 987) which call for ramps to be constructed with 12 inches of run -

for every inch of rise. Elght mches of rise was selected for use with the wheelchair ramp test to

111




100

measure the S/oungster's ability to negotiate a f'bne-ste-;)" elevation. Curb-cuts, for instance, have
a recomﬁlended méximum rise of eight inches and steps for stairs have a uniform height of seven
inches (ANSI, 1987). |

The second standard is based on the notion that yoﬁngsters should be able to negotiate
ramps they encounter on a daily basis, such as at school. While it is assumed that such a ramp
would conform to the 12:1 ANSI standard, the length of the ramp will vary withllocation. Itis
also assumed that no ramp will be lénger than 30 feet without a level platform for rest (ANSI,
1987). Thé preferred standard of at least 15 feet reflects half the distance of the longest ramp a
youngster may encounter and provides testers with the latitude to increase the standard as
necessary. Youngsters in different locations,'therefore, will face different standards, but the
ability to negotiate a frequently-encountered ramp reflects a degree of functional indgpendence

 for each. Both standards were adopted by a panel of experts (Advisory Committee, 1997).

\ ttainabilit
Pass rate information for the ramp test is extremely limited. Two CP class C3 subjects

attempted the test during Project Target testing and both met the minimal standard; no other

attainability data are available.

Reverse Curl

The reverse curl is recomménded only for youngsters with SCI quadriplegia as a measure
of uppér body strength. It requires the éarticipant to lift a one-pound dumbbell off the lap using a
pronated grasp and elbow ﬂexioﬁ. The ability to lift a light weight (one pound) was belie;/ed to |

have functional significance for the performance of some ADLs for youngsters with injuries in
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‘the lower cervical region (C6-C8) (Advisory Committee, 1996). The reverse curl (palm down)
was selected as the test so that youngs;ters (especially those with a C6 injury) might make use of
the tenodesis grip. Tenodesis causes fingers to flex passively when the wrist is hyperextended

and aids in grasping when the finger flexors are paralyzed (Surburg, 1995).

Standards

The CR standard for the reverse curl is simply tied to the functional ability of lifting a
one-pound weight one time (Table 4.5). Only a single standard is recommended and it was

determined solely by expert opinion (Advisory Committee, 1996). “

\tainabili

No attainability data were collected for the reverse curl as a part of Project Target.

B. eliability
| Considerable reliability data have been collected on most of the measures (or related

tests) of MS/E contained in the BPF T. Plowman and Corbin (1994) summarizéd 17 reliability
studies of tests of abdominal strength and endurance using nondisabled subjécts. Most of the
studies reviewed ixivestigated various forms of the sit-up. Most of the reliability coefficients
reportéd (Both interclass and intraclass) in thgse, studies were in the .80-.89 range. Of the 17
'st'udies reviewed, one looked at the reliability of the curl-up procedures and one employed the
modi_ﬁed curl-up protocol. Intraclass céefﬁcients (R) for the curl-up ranged from .93-.97
(Robertson and Magnusdottir, 1987) and the interclass coefficient (r) reported for the modified

curl-up was .88 (Jette, Sidney, and Cicutti, 1984).
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Additional reliabilify studies have been conducted on tests of abdominal strength and |
endurance using subjects with disabilities. Some of these studies are summarized in Table 4.6.
Although it is necessary to collect additional data for both qurl-ubs ahd mociiﬁed curl-ups it
appears that a generally acceptable level of reliability can be claimed for measures of abdominal
strength anci endurance.

Considerable reliability data also exist for upper arm and shoulder strength and endurance
tests. Winnick and Short (1996) tested 64 nondisabled youngsters aged 11-13 on the 35-Ib bench
press and found an alpha coefficient of 92 Plowman and Corbin ( _1994) summarized nine
studies iﬂvestigétingthe reliability of various forms of the pull-up, modified pull-up, flexed arm
hang, ana push-up. Of the numerous reliability coefficients reported, most were in the 80 and
.90 range leading Plowman and Corbin to _conclude that "field tests of upper arm and shoulder

| girdle strength-endurance have been found to Be generally acceptable” (p. 82). This also appéars
to be the case when ix-ldividuals with disabilities serve as subjects. A number of reiiability
studies employing subjepts with disabilities are summarized in Table 4.7. Although some of the
studies have small sample sizes, the coefficients réported in Tal;le 4.7 for a variety of upper arm
and shoulder tests suggest good test-retest score consistency.

Grip strength tests traditionally have enjoyed a mpuﬁﬁon of good reliability. Fleishman
(1964), for instance, reported a test-retest r of 91 ona sample of some 20,000 12-18-year-old
boys and girls. Keogh (1965) found coefficients rangiﬁg from .70-.85 among first and third
graders. Reliability research on the grip strength of youngsters with disabilities also has resulted
in acceptable coefficients as shown in Table 4.8. These coefficients suggest a high degree. of |

score consistency for the grip strength test.
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Much less reliability data are available for the trunk lift; in fact besides one investigation
conducted during Pfoj ect Target, no o.ther studies were found using the Prudential
FITNESSGRAM protocol. Plov;'i.rlan and_ Corbin (1994) summarizéd two trunk extension
studies which emplbyed different procedures and reported interclaés r's ranging from .74-.96.
Rarick, Dobbins, and Broadhead (1976) reported test-retest co;:fﬁcients' for a spinal extension
test given to educable mentally retarded subjects. The spinal extension test was done in a side-
lying position and did not require the subject to perform against the pull of gravity. The
interclass r's for the sbinal extension test ranged from .90-.96 fo_; the_:_ subjects with MR. In the
Project Target study, a proportion of agreement of .89 was chlcul_ated for the trunk lift across two
administrations (1'4 days apart) using youngsters with MR as subjects (n = 36). More reliability
data is needed for the trunk lift. |

Reliability data also are needed for the seated push-up, 40-meter push/walk, wheelchair
ramp test, and reverse. cgrl. Since thése items are appropriate only for youngsters with very
specific types of physical disabilities, obtaining adequate sample sizes.to conduct meaningful
studies will be a challenge to researchers. Inasmuch as each of these “items is objecﬁvely scored
and each is related to mﬁscular strength and endur;dnce (a component of fitness typically
associated with reliable tests), it is expected that these itemé will possess an acceptable level of
- reliability.

In addition to test-retest reliébility, criterion-referenced tests-should demonstrate the
ability to consistently classify participanté as either passing or fa—iling the test. This bonsistency
of classification is sometimes expressed as P, the proporﬁon of agreement over two - |

administrations of the test. Some limited consistency of classiﬁcation data were collected during
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Project Target and is presented in Table 4.9. Each of these MS/E items was taken by subjects

with MR who were classified in accord with the specific standards presented in Table 4.3.

Table 4.9
Consistency of Classification for Selected MS/E Test Items
for Subjects with MR
Test Item __n P
Dominant Grip Strength : 36 92
Bench Press 23 .82
Extended Arm Hang 11 ' 72
Flexed Arm Hang 17 .82
Modified Curl-up 25 72

The number of subjects used in the calculation of the P coefficients in Table 4.9 is low so
no deﬁniﬁve conclusions can be drawn from these dara. These P values, however, at least are
encouraging in that all exceed .70 which would seem to be a minimal criterion for acceptable

consistency of classification. More work in this area will be necessary.

Di .
As with the flexibility and range of motion tests associated with the BPFT and discussed
in the following chapter, the rationale and validity of the muscular strength and endurance tests
primarily are logically developed. Safrit (1990) has referred to this type of validity as domain-
referenced vaiidity and has argued that although it is logically developei it should not be
considered arbitrary. The logic for the selection of test items (and some standards) is linked to

the health-related needs of youngsters with specific drsabllmes and follows a ﬁve-step process
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ienhed the "personalized approach" which has been described previously (Winnick and Sliort, in
press). | | |

Although the establishment of domain-referenced validity for fhe M87E test items is an
important and necessat'y step in the validation of the BPFT, more work is necessary. A future
goal would be to establish decision validity for each of the items. According to Safrit (1990),
decision validity refers to the accuracy of classification of a criterion-referenced test. Can the test
and its associated standard accurately classify individuals into some health-related category (e.g.,
healthy vs d1seased high risk vs low risk, independent vs dependent, etc)?

The demonstration of decision validity requires the establishment of CR standards that
have been linked statistically to some acceptéble health index. Setting health-related CR
standards for measures of musculoskeletal functioning, however, is a difficult chore, at least in
paft, because the amount of MS/E necessary for health-related indices .will vary from task to task.
Although other possibilities for standard setting exist (Cureton and Warren, 1990; Looney and
Plowrﬁan, 1990), the most commonly-used approach for setting CR standards for MS/E items is
through expert opinion. This was the technique used by the developers of the Prudential
FITNESSGRAM (Plowman and Corbin, 1994) and, to a large extent, the BPFT.

“One of the issues resolved through expert opinion pertaining to the CR standards . |
associated with the items discussed in this paper was whether specific standards were required
for any of the disability groups and,-if so, which ones? Where specific standards are provided it
was believed that they were necessary to eccount for the inherent influence of impairment on test
performance, rather than to account for traditionally poor fitness levels per se. It seemed clear |

that no such standards were necessary for youngsters with SCI, VI, or CA/A provided that the
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items were a;—>propriate. The rationale was that as long as the MS/E test required the use of
nonimpaired muscle groups (6r,~ in the case of youngsters with VI, did not put a premium on
vision), youngsters with_these disabilities should be expectéd toméét the sténdards associated
-with the general population.” Project Target attainability data are limited fof SCI and CA/A
subjects, but data for youngsters with VI.suggest that the general standards are, in fact, in reach
although some training may be necessary. lPassing rates for subjects with VI run a bit low for
upper body measures (23-31%), but are higher for curl-ups (55%) and trunk lift (85%).

As already seen, specific standards have been developed and are recommended for use
with youngsteré with mental retardation and n_lild limitations in ﬁtnessl. (In the BPFT no
distinction is made between youngsters with and without Down syndrome despite the |
acknowledgment that ;he presence of Down syndrome may affect fitness test.performance.

| Neverthele_ss, some ydungsters with Down syndrome might have "mild limitations in“ﬁtness'; and
can pursue the standa-rds associated with the BPFT; others might have more severe limitations in
ﬁtneés. Teachers must develop standards, measure physical activity instead of fitness, or utilize
task analytic précedures for youngsters with sevefé limitations m fitness regardless of the
presence of Down syndfome.) Although the musculature of people with MR appears to be
nonimpaired, it is well-documented that they score below their nondisabled counterparts on
measures of fitness (Eichstaedt and Lavay, 1992). If their relatively poor scores could be
attributed strictly to problerﬁs with cognition, it would be expected that youngsters with MR
would ao well on tasks with few cognitive requirements, but this does not seem to be the case. \
As Eichstaedt and Lavay (l 992) wrote, "Their limited cognitive ability doesn't explain it" (p. |

200). Until such time as the mechanism that underlies the poor strength and endurance
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performance of persons with MR is more fully understood, it seemed prudent to offer speciﬁc
standérds for this group. The attainability data presented as part of this paper suggests that the
addition of specific standards for youngstérs with MR is appropriate-. Passing rates for.specific
standards range from 24% to 55% compared to a range of only 8% to 32% for minimal
general stan&ards. It is assumed that ”standa.rds that are perceived to be "within reach" of -
youngsters with disabilities will serve to better motivate youngsters to pursue higher levels of
health-related fitness. |

The decision to not develop and offer sﬁeciﬁc sténdards for youngsters with CP on MS/E
items such as grip strength and dumbbell press may be of pa_;ticulér interest to some readers.
Clearly research has established that subjects with CP typically make inferior scores on measures -
of strength and enduranqe-compared to nondisabled counterparts and, in some cases, the
differences are vast (Winnick and Short, 1982). It is also clear that the musculature of people
with CP ‘can be negatively affected by spasm, athetdsis, rigidity, ataxia, and a general lack of tone’
| (Shephard, 1990). Nevertheless, MS/E performaﬁce of individﬁals with CP varies as a function
of the type, loéation, and degree of the impairment suggesting that, depending on the test item,
some youngsters with CP can be expected to meet general standards. In other cases, tests that are
relevant for people with CP (e.g., 40m push, wheelchair ramp test) are not germaine to
nondisabled individuals and, therefore, are not associated with general standards per se.

Consequently the approach taken in the BPFT for MS/E items was to attempt to
accommodate youngsters with CP by adjusting test items rather than by adjusting standards.
More generic measures of upper body strength and éndurance sﬁch as grip strength and dgmbbell .l

~ press are suggested primarily for classes C4, C5, C7, and C8 (See Table 4.1) and participants are
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required to meet general standards for at least,'éne sidé of the bbdy only (i.e., dominant or
preferred iimb). Mémbers of each of ﬁese classés are described as having good (or normal)
functional strength or ability in at least one upper extremity (Pea;:oc-k, 1988). Youngsters in
classes C2 (U and L), C3, and C6 have upper body hnpainﬁents and take MS/E test items with
standards that have been linked to activities of daily living or values found in the literature rather
than to normative data. More attainability data will need to be collected to determine if these
standards aré "realistic," but the preliminary findings for grip strength are encouraging.

The reliability data available for the MS/E items in the BPFT generally suggests good score
consistency although additional test-retest work is necessary for some items. It also would be .
important to further examine the consistency éf classification as a criterion-referenced form of
reliability (Safrit, 1990). | |

Many research poésibilities exist pertaining to the on-going validétion of the BPFT.
Future research ideas regarding the MS/E test items include the following:

®gather additional evidence to support or refute the 20th percentile as a criterion
referenced health-related standard (or develop alternative bases for standards);

®collect additional reliability data for curl-up, modified curl-up, and trunk lift;
®determine/confirm consistency of classification for all items;

®collect additional attainability data especially on youngsters with physical disabilities;
and ’

ocollect additional déta (including reliability and attainability) on the 40-meter
. push/walk, seated push-up, wheelchair ramp test, and reverse curl.
Future research on the health-related criterion-referenced physical fitness of children and

adoleécents with disabilities most certainly will result in modifications to the Brockport Physical
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Fitness Test. The current version of the BPFT, however, is seen as an important step in what
hopefully will be an evolutionary proéess with the help of many physical activity professionals
including teachers aﬁ_d rgsearchers. Ne'vex"theless the current versi;)ﬁ is believed to possess sound
levels of validity and reliability sufficient for the BPFT to be a useful tool when assessing the

MS/E health-related fitness of youngsters with disabilities.
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Chapter V
Flexibility/Range Qf Motion

Flexibility and range of motion are sub-components of m.uséuloskeletal functionjng in ;he
Brockport Physical Fitness Test (Winnick and Short, in press). For the purposes of the BPFT,
range of motion (ROM) was defined as the extent of movement possible in a single joint, where
traditional tests might include goniometry techniques typically measured in angular units.
Flexibility was conceptualized as the extent of movement possible in multiple joints represented
by one's ability to perform a functional movement. Tréditional tests of flexibility might include
field tests that typically measure how far one can reach. The BPFT flexibility items include the
back saver sit and reach (BSSR), the Apley test (modlﬁed) the shoulder stretch and the Thomas
test (modified). The only test of ROM is the Target Stretch Test (T ST).

In the BPFT certain flexibility/ROM tests are recommended [R) or optiopal (O) for
specific groups of youngsters. Both recomménded and optional items generally are déemed
appropriate for youngstérs with pmﬁcmm disabilities, but recommended items are preferred. A

guide for test item selection appears in Table 5.1.

Tests of flexibility have been used in physical fitness test batteries for many years.
Fleishman (1964), for example, included measures of dynamic and extent (static) flexibility in
his Basic Fitness Tests and Johnson and Londereeﬂ( 1976) incorporated a bob ﬁnd reach teét in the
Motdr Fitness Test Manual for the Moderately Mentally Retarded. No attempt was made by the -

authors of these earlier tests to justify the inclusion of a flexibility item on a health-related basis.
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In fact, mosf of the fitness tests published prior to 1980 now are considered more appropriétely to
be tests of skill-related fitness rather than measures of health-related fitness.

When {lexibility teéts are used as rﬁeasures of health-related--physical fitness, the rationale
is usually bgsed ona pfesumed relationship between flexibility and low back pain. One of the
compbnents of the Health Related Physical Fitness Test (AAHPERD, 1980), for instance, wés
abdominal and low back-hamstring musculoskeletal function measuréd by modified sit-ups and
sit and reach tests. The Prudential FITNESSGRAM (Cooper Institute for Aerobics Research,
1992), a héalth-rel_ated criterion-referenced ﬁtnesé test currently endorsed by AAHPERD,
included the BSSR anci shoulder stretch tests as measures of niuséuloskeletal functioning bécause
the upper body and abdominal/trunk regions were deemed important for "maintaining functional
health and correct posture, thereby reducing possibilities of fufure low back pain and restrictions
in independent living" (p.17).

The rationale for the inclusion of flexibility or range of motion test items in a fitness
battery for students with disabilities is linked to the health-related needs typically associated with
a specific impairment. While the health-related flexibility needs of individuals with either MR or
VI might not differ significantly from those of the general population (i.e., neither MR or VIis
associated inherently with restrictions in flexibility), they often do for those with physical
disabilities. People with physical disabilities are at greater risk for re_strictions in functional

health, posture, and independent living due to reduced flexibility than are members of the general
population. In fact tﬁese elements, which may present current challgnges to many youngsters
w1th physical disabilities, probabiy are more important health-related criferia than the possibility..

of developing fisture low back pain. According to Surburg (1995) flexibility is important to
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feople with physical disabilities for a number of health-related reasons including enhanced
performance of acti.vities of daily livir.lg, improved mobility and independence, improved posture
and muscle balance, prevention of: injury,_and reduction in postexeréise muscle soreness.
Restrictions in ﬂe)gibility are commonly associated with cerebral pélsy, especially when spasticity
is prevalent. Hypertonicity of the muscles restricts range of m;)tion in the joints. The flexors,
adductors, and internal rotators tend to dominate their antagonists resulting in many of the health-
related problems noted By Surburg (1995). Furthermore, when these muscle imbalances are
severe, contractures can result. For these reasons Sherrill (1998) copsidered improved flexibility
to be the most important fitness goal for youngsters with CP. |

Maintenance of flexibility also is critical for youngsters with SCI. It is especially
important to maintain appropriate levels éf flexibility in those joints surrounded by active muscle
because the mobility of those joints is critical to the youngster's indepg'ndence. .The ability to
transfer, propel a wheélqhair, or perfc;rm other activities of daily living is influenced by
flexibility. Youngsters with SCI also are susceptible to muscle imbalance resulting from heavy
reliance on specific muscle groups required in wheelchair use, including the anterior shoulder
muscles (DiRocco, 1995). Muscle imbalances aroﬁnd a joint will serve to limit the range of
motion for certain jqint actions, reduce the functional ability of the joint, and increase the

- likelihood of muscular injury. As with cerebral palsy, contractures are also possible in persons
with SCL

Clearly certain amounts of ‘ﬂexibil-ity and range of moﬁo;l are necessary for good health,
but how much? As with musc;ular strength and endurance, there is no universally acceptable |

criterion for health-related flexibility/range of motion. Although criterion levels of maximum
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oxygen intake and percent body fat have provided references for aerobic capacity and body
composition, no such index currently is available for any measure of musculoskeletal functioning
(including measures of flexibility). Cﬁteﬁon levels of ﬂexibilify/RCM, therefore, generally are
established through éxpert opinion. In the ldevelopment of the BPFT, expert opinion was -
provided by the Project Target Advisory Committee and the authors. Depending upon the test
item, expert opinion often was informed'by reviewing norm-referenced data sets, by considering
values used in clinical settings, and/or by consulting recommendations or research results found |
in the 1iter5ture. The specific approach utilize& is discussed m the following sections for each of

the five test items.

Back Saver Sit and Reach

The BSSR is included in tile Brockport Physical Fitness Test battery in resﬁohse to the
health-rela@ concern of low back paih (or the risk of developing low back pain in the fuﬁn‘e).
The BSSR has been shown to‘validly measure hamstring flexibility, but research has failed to
confirm a relationship between the test aﬁd indices of low back pain despite the facf that the
anatomical logic for such a relationship is strong (Plowman and Corbin, 1994). The BSSR is a
recommended test item for the general population, as well as for youngsters with MR, VI, and

CA/A (for use with unaffected limbs only).
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: Table 5.1 -
Flexibility/ROM Test Item Selection
Guide for the BPFT
BSSR Shoulder Apley - Thomas TST
Stretch (mod.)  (mod.) - '
GP R 0 ‘
MR R 0
VI R -0
CP
Cl R R
C2u R R
C2L R
C3 R R
C4 R R
C5 R "R 0
- C6 R R o)
c7 'R R 0
C8 R R o
SCI
LLQ R
PW | R R
PA - R R
CA/A* R R R R R
GP = general population . A MR = men@ retardation with mild limitations in fitness
VI = visual impairment (blindness) CP = cerebral palsy
C1-C8 = CP-ISRA sport classifications SCI = spinal cord injuries
LLQ = low level quadriplegia PW = paraplegia wheelchair
PA = paraplegia ambulatory : CA/A = congenital anomalies/amputation

*Items are recommended depending on the site of the amputation/anomaly
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Table 5.2

General CR Standards for Flexibility/ROM Tests
Shoulder Apley Thomas TST
BSSR Stretch (mod.) (mod.) _
(in.) (P/F) . B  Min. Pref.
Males |
10 8 Pass 3 3 1 2
11 8 Pass 3 3 1 2
2 8 Pass 3 3 1 2
13 8 Pass 3 3 1 2
14 8 Pass 3 3 1 2
15 8 Pass. 3 3 1 2
16 .8 Pass 3 3 1 2
17 8 ‘Pass 3 | 3 1 ‘_ 2
Females |
10 9 Pass - 3 3 1 2
11 10 - Pass 3 . 3 1 2
12 10 Pass 3 3 1 2
13 10 Pass 3 _ 3 1 ‘2
14 10 Pass 3 3 1 2
15 12 Pass 3 3 1 2
16 | 12  Pass 3 3 1 2
17 12 | Pass 3 _ 3 . 1 2
Min. = minimal | BSSR = back saver sit and reach
Pref. = pfefeﬂed TST = Target Stretch Test
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Standards - | |

| The genéral CR standards for the BSSR, as well as the other measures of flexibility, are
provided in Table 5.2. These are the same standards associated with the Prudential -
FITNESSGRAM. The FITNESSGRAM standards were based on expert opinion formed as a
result of an énalysis of existing nom;-referenced data sets (Plowman and Corbin, 1994). - No
specific CR standards are recommended for the BSSR in the BPFT for youngsters with CA/A
(unaffected limbs only), VI or MR. For youngsters with CA/A it is assumed that unaffected
areas should demonstrateAthe same level of ﬂe#ibility as is expected in the corresponding areas of
nondisabled youngsters; hence, no specific standards are required..

In the case of youngsters with VI, Winnick and Short (1982) reported significant
differences on sit and reach performance between nondisabled and visually impaired girls (the
difference between the boys was nonsignificant). Although statlstlcally different, the difference
in the means between the nondisabled and visually impaired girls was not very large in a
practical sense. The mean difference was 4 cm Wthh was approxunately -5 standard deviations
below the mean score for the nondisabled girls. Winnick and Short (1982) reported that one-

- third of their sample of visually impaired girls was ablé to reach or surpass the median score
obtained by their sample of nondisabled girls. Consequently, it was decided that youngsters with
VI should be expected to attain the BSSR standards recommended for the general population.

Previous research has reported hamstring flexibility differences between nondisabled
' subjects and their peers with mental retardation. Rarick Dobbins, and Broadhead (1976), for
instance, reported differences ranging from approxim_ately 4 cm for boys to approximately 7 cm .'

for girls in the 6-9 age range. Furthermore, they reported that the means for educable mentally
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retarded subj ects ranged frém between .65 (bofs) to 1.19 (girls) standard deviations below the
means ob@ed for nondisabled_subjelcts and that.although one-third of the mentally retarded
boys could achieve or surpass the median performance of the _noﬁdiéabled boys, only 8% of the
retarded girls could reach the same level of achievement whén compared to the nondisabled girls.
Pizzaro (1990) reported sit and reach performance differences of approximately 8 cm beﬁzveen
educable mentally handicapped and nonhandicapped subj ects. | |

Whil;e these statistics might suggest the need to offer specific CR standards for youngsters
with MR on the BSSR, two other considerations argued against it. First, the general CR
standards for the BSSR are at or below the 25th percentile for nondisabled youngsters, when .
compared to the Health Related Tesi sit and réach norms (AAHPERD, 1980). Over one-half of
the Rarick, Dobbins, and Broadhead (1976) sample of mentally retarded boys and 27% of the
mentally retarded girls were able to achieve the 25th percentile of their nondisabled counterparts.

The second consideration deals with the ﬁﬁess level of subjécts tested. Itis generally
agreed that youngsters with mental retardation tend to be lesé active and less fit than nondisabled
youngsters of similar age. Standards shoﬁld be adjusted as n¢ce§sary for youngsters with
disabilities, but those adj'ustments should be based on the influence of impairment not on the
influence of a sedentary lifestyle or pbor fitness. If it can be assumed that Special Olympians can
be considered more active and more fit than other mentally retarded youngsters, data provided by
Roswal, Roswal, and Dunleavy ( 1984) are instructive in this regard. They provided sit and reach
norms for Special Olympians with mild and moderate levéls of retardation. Median values for
malé subjects (aged 8-19) with MR ranged from 5 cm below to 9 cm above the median values f01-'- |

nondisabled boys on the sit and reach test associated with the Health Related Test. Females with
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MR had médian values ranging from 3 to 8 cm below the median values for nondisabled females.
In only one of eight gender by age (8-15 and 16-19) by _level of retardation (mild and moderate)
categories presented by Roswal, et al did ﬁe median value 'obtaine.d. by Special Olympians with
mild and moderate levels of retardation fall below the general CR standard in the BPFT. These
data were ix\lterpreted to suggest that, with training, the general CR standards associated with the

BSSR are within reach of, and appropriate for, youngsters with MR.

Aﬁginabiljﬂ.

As part of Project Target, the BSSR wasl administered to 135 boys and girls with MR
aged 10-17. The test was _administeréd twice to each subject, once with the right leg forwérd and
once with the left, for a total of 270 measures. Subjects weré designated as individuals §vith
mental retardation and mild limitations in physical fitness. In regard to tradltlonal classxﬁcatlons,
the subJ ects would be 1dent1ﬁed primarily as youngsters with moderate mental retardation. Fifty
percent (60 of 120) of the scores obtained by the girls and 63% (94 of 150) of those madehby the
boys met or exceeded the general CR staﬁdard for the BSSR. | |

| Similarly, 96 subjects with VI took the BSSR; Both right and left legs -were tested
bringing the total number of scores to 192. The largé majority of subjects weré classified as at
least legally blind although 21 of the subjects were partially sighted. _Seventy-one percent (57 of
80) Qf the écores attained by the girls and 70% (78 of 112) of the scores made by the boys

reached or surpassed the general CR standard.
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Shoulder Stretch and Apley Tests

The shoulder stretch test and a modified version of the Apley test are included in the
BPFT battery as measures of shoulder flexibility. The shoulder stretch is an item that also is
associated with the Prudentlal FITNESSGRAM. "The shoulder stretch has been added as an
option [for the FITNESSGRAM] to try and illustrate that flexibility is important throughout the
body-- not just the hamstrings, and that flexibility is very specific to each joint" (Plowman and
Corbin, 1994, p. 87). The shoulder stretch is simply scored pass/fail; a "pass" requires the ability
| to touch the fingers of the opposite hands behind the back in a particular way.

The Apley test was included as an alternative measure of shoulder flexibility in the BPFT
for two reasons.v First, it was more easin administered to youngsters in wheelchairs than the
Ashoulder stretch and, second, it lent itseli' to the development of a modified scoring system that
would reduce the number of zero scores ma'de by youngsters known to have restrictions in
flexibility (i.e., those wrth CP) and, instead, increase the chances that those young‘sters would
score somewhere on an achievement continuum. In.addition to retaining the traditional object of
the Apley test (touching the superior medial angle of the opposite scapula) and assighing ita"3",
the modified scoring system also includes intermediate scores logically associated with certain
activities of daily living. The ability to touch the top of the head provides the requisite shoulder
~ flexibility for certain grooming functions (e.g., shampooing or combing the hair) and scores a
"2", while the ability to touch the mouth is indicative of the ﬂexibility necessary to perform other
important tasks (e.g., eating, drinking, brushing teeth) and scores a"1". Inability to touch the
mouth scores a "0" (See Figure 5.1). The shoulder stretch or the Apley test is either a

recommended or optional test item for every group covered by the BPFT. The shoulder stretch is
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optional for )-roungsters with MR or VI and for youngsters in the general population. The Apley
is recommended for most youngsters with CP or SCI. Both tests are recommended for

youngsters with C/A depending on the nature of impairment (See Téble 5.1).

@ ®) ©

Figure 5.1 Scoring the Modified Apley Test

(a) Mouth

(b) Top of Head

(c¢) Scapula

Both the shoulder stretch and Apley tests require shoulder flexion in combination with

external rotation and shbulder abduction, an action believed to be critical for many activities of
daily living and, therefore, functional health (Advisory Committee, 1995). A preliminary study
of the relationship between the Apley test and subjective measures of functional mdependence on
selected activities of daily living (ADLs) was conducted as part of Project Target. Thirty-eight
subjecfs with CP took a battery of tests, including the modified Apley test, and completed a
modification of the Functional Independence Measure. (Keith, Granger, Hamilton, and Sherwin,

1987). Data analysis included the construction of 2 X 2 contingency tables between the Apley .
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| “(pass vs. fail) and the measure of functional indepehdence (independent vs._depepdent) for eight

ADLs. Significant and moderate phi'coefﬁcients between the Apley aﬁd functic;nal

indeper.ldence were found for two of the ADLs, eating (.52) and toiieting (.60). The coefﬁcient;

for three of the othér ADLs were lower and nonsignificant. (Coefficients for the remaining ADLs

could not be detel_'_;_nined due to empty cells in the contingency tables.) The moderate coefficients

obtained for two of the ADLs indicates that some relationship exists between the modified Apley

and functional independence, but the magnitude of the coefficients is insufficient to claim

acceptable evidence of statistical validity. Still, the logic for such a relationship remains strong.

S_ta.gﬂandj_
As shown in Table 5.2, the general CR standards for the shoulder stretch and
the modified Apley tests are the same for all gender and age combinations; a “pass“ for the
shoulder stretch and a "3" fof the modified Apley. The standards for both of these items were
determined solely by expert opinion (Plowman and Corbin, 1994; Ad\-'isory Committee, 1995)
and are believed to reflect opﬁmﬂ levels of shoulder ﬂexibility (Advisory Committé_e, 1995).
Most youngsters taking the BPFT, regardless of disability classiﬁ;:ation, are expected to be able
to meet the general standards for the item that is recommended for them (See Table 5.1).
| Specific standards are recommended for the'modiﬁed Apley test only for youngsters with
| more severe forms of CP (See Table 5.3). Youngsfers in CP classes C1 and C2L are expected to
score at least a "2" on the Apley. A "2" -requires youngsters to touch the top of their heads (rather
than the opposite scapula). Again, this standard was determined through expert opinion

(Advisory Committee, 1997). No specific standards are available for the shoulder éu'etch,
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however the shoulder stretch is not an item that is recommended for youngsters with physical

disabilities.
‘Table 5.3
‘Specific CR Standards for Flexibility/ROM Tests
Apley Thomas
(modified) (modified)
CP Class C1 & C2L CP Class C5-C7
i (affected side)
Males
10-17 2 | 2
Females
10-17 2 .2
A ttainabilit

Subjects (n=124) with'MR were tested on the shoulder stretch in conjunction with Project
Target. Subjects were tested on both right and leﬁ shoulders bringing the total number of scores
to 248. Ofthe 114 atte@pts made by the girls wﬁh MR, 40, or 35%, were successful. The boys
were successful 46% (61 of 134) of the tlme |

Subjects (n=103) with VI were also tested on the shoulder stretch. ‘Again, both shoulders
were tested bringing to 206 the total number of scores. Attempts made by the girls with VI were
succeséful 63% (57 of 90) of the time. Boys passed the test 51% (59 of 1 16) of the ﬁme.
Although subjects with cerebral palsy (n=18) had difficulty with the shoulder stretch (6% passiné

rate for 36 tests), they were more successful on the modified Apley test, the recommended item

145




131

for this .group. Forty-thrgé subjects in CP-classes C2U-C8 were tested on a few diﬁ'érent
occasions during Project Target. Two slightly different protocols were used with the-Apley. In
the first, subjects (n=13) attempted the Apley once with each shoulder. Of the 26 attempts made,
18, or 69%, were successful. In the second protocol, subjects (n=30) were asked to attempt the
Apley with their preferred arm only. "(The preferred-arm protoéol was field-tested to account for
differences in how the condition might affect different sides of the body, such as in hemiplegia.)

Twenty-one of the 30 subjects, 70%, met the criterion (a score of "3") using their preferred arm.

Thomas Test (médiﬁed)

The modified Thomas Test is included in the BPFT battery only for selected ambulatory
youngsters with physical disabilities. Specifically, it is recommended for CP élasses C5-C8,
ambulatory youngsters with SCI, and, depending upon the site of an anomaly/amputation, certaih
youngsters with CA/A. The Thomas test traditionally has begn used in clinical settings to test fog
length of thg hip flexor muscles (Kéndall, Kendall, and Wadsworth, 1971). It is included in the
BPFT as a test of hip e;<tensioﬂ in response to the observation that many youngsteré with
physical disabilities experience shortening of tﬁe hip ﬂexofs (Advisory Committee, 1995).
Although some youngsters experience this shortening as the result of the immobilization and/or
| linactiv-ity of the hip joint associated with habitual sitting (Kottke, 1990), the rationale for the
inclusion of this item in the battery is based on its relationship to po§ture and ambulation. When
a hip flexion contracture is present, additional stram is placed on the back and hip extensor
muscles (Perry, 1992). Furthermore, a hip flexion contracture frequently requires posturai

compensation to maintain the center of gravity over the feet. Common compensatory
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‘mechanisms include lumbar lordosis or knee flexion resulting in a crouched posture (Perry,
1992). Youngsters with cerebral palss' often are unable to fully extepd the hips and knees and
this po@e requirés "considerablé muscular effort by the antigr;vity muscles toA prevent |
collapse" when walking even at slow speeds (Waters, 1992, p. 487).

The traditi_g;nal Thomas test requires subjects to lie supine on a table and to bring one leg
toward their chest until the lower back is flat while the tested leg (i.e., the opposite leg) stays in
contact with -the table (OA degrees of hip flexion). As with the Apley test, however, a modified
scoring system was developed for use with the BPFT modified version of the Thomas test. In
this modification, youngsters are positioned on the table so that the greater trochanters are on a
line 11" from the edge of the table. Youngsters who are able to successfully execute the Thomas
in the traditional way score a "3" on the test. Other scores are derived by using simple
trigonometry to calculate leg elevations for 15 and 30 degrees of hip flexion. Fiﬁeen degrees of
hip flexion results in approximately three inches of leg elevation méasured 11" from thé greater
udchanter (i.e., at the edée of thg table). Similarly, 30 degrees of hip ﬁexion r-esults‘ in
approximately six inches of leg elevation measured at the edge of the table.

The selection of 15 and 30 degrees of hip flexion as important points in the modified
scoring system was linked to the notfon that contractures could be described as mild, moderate,
or severe. In the BPFT version of the Thomas test, a hip flexion contracture of 15 degrees or less
is considered mild and scores a "2" én the test. Perry (1992) indicated that increaéed lumbar
lordosis is the least stressful way of reducing hip flexion leverage“ and that a hip flexion
qontractufe of 15 degrees is easily compensated by lumbar lordosis. Hip flexion contractures

greater than 15 degrees are more serious especially when knee flexion of equal degree is used as
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corhpensation. "The biomechanical requirements of flexed-knee stance are greater than
normal and are associated with increased quédriceps, tibio-femoral,' and patello-femoral forces.
The most significant increases occur at aﬁgles of knee flexion beyohd 15 dégrees" (Waters, 1992,
p. 483). H_ip flexion cdntractures ranging from 15 to 30 degrees are considered moderate in the
modified Thomas test and score 2 “1". In the BPFT, contractures greater than 30 degrees are
considered severe, a characferization consistent with the description used by the American

Medical Association (1995). Severe contractures score a "0" on the modified Thomas (See

Figure 5.2).

Figure 5.2 Measuring Leg Elevation on the Modified Thomas Test
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Standards
_General stéﬁdards for the Thomas test are givén in Table 5.2. As with the shoulder
stretch and Apley tests, the genél:al standa_rd is the same regardless 6f age or.gender, a "3". The
ability to écore a "3" on the modified Thomas is indicative of a h1p ﬂexor muscle that has
"normal length" (Kendall, Kendall, and Wadsworth, 1971).
Specific standards (See Table 5.3) are provided for CP classes C5-C7 (affected ﬁmbs |
only). The C5 youngster has moderate to severe diplegia or hemiplegia (Peacock, 1988).
Youngsters with spéstic diplegia typically have a flexed hip and. knef: posture (Waters, 1992).
The Project Target Advisory Committee (Advisory Committee,__1997) agreed that it was
unrealistic to expect CS youngsters to score a "3" on the modified Thomas test given the nature
of the condition. Instead the Committeé approved a score of "2" as the specific standard which
represents a realistic goal of minimizing thie effects of shortened hip flexor muscles among
youngsters with spasﬁq diplegia. Sirﬁilarly, the C6 participant has "functional involv;ment" in
all four limbs (Peacock, 1988) that may limit the potential for hip extension, hence a score of "2"
is the recommended CR standard. Class C7 is appropriate for persons with hemiplégia (Peacock,
1988). Consequently it is anticipated that youngstérs should be able to achieve tﬁe general
standard “3" for the unaffected leg, but the specific standard “2" would be appropriate for the

- .affected leg.

A ttainabilit
A total of 23 ambulatory subjects with CP (aged 10-47) were tested on the modified

Thomas test as part of Project Target. Each subject was tested on both legs bringing the total
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number of tests to 46. ,‘ASu'bject perfo_fmanw was cqmpared to established standards fo detérmine
succéss rates (a score of “2" for C5, C6, and the affected side for C7; a score of “3" for the
unaffected side for C7 and C8). A total of 31 of the 46 (67%) tests had passing scores.- Classes
C6-C8 had passing rates ranging from 67-93%, but CShada passing rate of just 44% (8 of 18).

It appears that the standards for C5 might be the most difficult to attain.

Target Stretch Test

The TST is an original test of range of motion associated with the BPFT. The intent of
the test is to provide testers with easily administered alternatives when more tr;czditional tests of
flexibility/range of motion prove inappropriate for youngsters with physical disabilities. The
TST provides subtests to measure wrist extension, elbow extension, shoulder extension, shoulder

‘abduction, shoulder external rotation, forearm supination, forearm pronation, and knee extension.
With the exception of forearm pronation which was included specifically for use with youngster-s’
- with SCI quadriplegia, the subtests of the TST were selected with CP youngsters in mind. As
noted earlier, the ﬂexo;'s, adductors, and internal rotators tend to déminate especialiy when
spasticity is prevalent. The TST subtests, therefore, were selected to address some of the
stereofypical postural and movement patterns associated with spastic CP. In the BPFT, the TST
is a recommended or optional test item for all CP classes and, under certain circumstances, for
youngsters with SCI and CA/A.

The TST Scoring system requires that testers estimate the extent of movement in a
particular joint by superimposing a theoretical clock around the joint and using the tested limb to-.

“read" the clock to the nearest half-hour. The esfimated time on the clock is then translated to a
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At'est score ranging 'from 0-2 based upon visual criteria provided by a series of sketches (See
Figure 5.3. Dueto the subjectlve nature of the TST some prelumnary cntenon-related va11d1ty
work was conducted during PrOJect Target. Twenty (20) TST subtests were admrmstered to three
subjects and v1deotaped from a tester's perspective. Three graduate students were given a five-
minute training session on scoring the TST, were shown the videos of the 20 TST subtests, and
scored them. The project coordinator served as a fourth tester. Criterion scores were established
later by taking goniometry readings of the 20 joint actions from the videotape. TST scores
ranging fre'm 0-2 were given for each of the 20 subtests based on the obtained goniometry values.
The scores assigned by the four testers were then compared to the criterion scores determined
from goniometry (a total of 80 comparisons). The testers correctly scored the tests 85% of the
time. Individual accuracy scores ranged from 75% to 95% among the four testers. When the
gomomeu'y determined values were rounded to the "nearest half-hour" (the protocol reqmred of
the tester on the TST), the testers’ accuracy improved to 90%. Safrit ( 1990) indicated that

validity coefficients determined in this manner should exceed §0%.

Figure 5.3 - Left Wrist Extension on the TST
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Standards
The TST is the only test of flexibility or range Qf motion in the BPFT battery that has

both minimal and preferred CR standards. Most youngstei‘s, rega;'ciless of disability, are expected
to meet at least the minimal general standards; no specific CR standards are associated

with the test. (Due to the variable nature of range of motion for those with more severe forms of
CP, however, testers are encouraged to develop individualized standards for youngsters in C1
and C2.) As shown in Table 5.2, the minimal and preferred general standards are constant for all
gender and age combinations. For each subtest, a test score of "2" is meant to convey that the
youngster is able to approximate optimal range of motion for a particular joint actionv. A score of
“1" is indicative of a somewhat reduced, but nevertheless functional, range of motion.

The preferred standards approi(imate the optimal range of motion typically fo_und in the |
human body for a particular joint. Values reported in the literature for "normal” rangés of motion
in various joints vary sorﬂewhat from source to source. The preférred standards for the TST are
baséd pﬁmaﬁly on the "normal limits" reported by Cole (1990). In_sorhe cases, Cole's vﬁiues
were adjusied down "to the nearest half-hc;ur" on the theoretical clock used in TST scoring in an
effort to improve objectivity. In the case of shoulder external rotation, the preferred standards are
based on values i‘eporteci by the American Academy of Orthopaedic Surgeons (1965) since the
TST protocol for this subtest differs from that used by Cole (1990). Table 5.4 provides
goniometry values for the normal limits for each joint action as well as for preferred and minimal

standards.
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S Table5.4
Goniometry Values Associated with TST Scores

| Normal | Preferred/ Minimal/

Limits' Optimal . Functional
Wrist Extension - 70° 60° 30°
Elbow Extension | | 0° 0° -15°
Shoulder Extension | _ 60° 60° 30°
Shoulder Abduction i7o° 165°. 120°
Shoulder External Rotation 40-90° 759 30°
Supination/Pronation | 90° 90° 45°
Knee Extension - 0° 0° 15°

'Values come from Cole (1990) except for shoulder external rotation which came from the American
Academy of Orthopedic Surgeons ( 1965).

While the preferred general standards approximaté_ optimal fange of motion,l'the minimal
general standards purport to reflect functional range of motion. Surburg (1995) disti@uished
optimal and functional range of motion. He considered optimal to be full range of motion, but
acknO\-J-vledged that for some people with disabilities the pursuit of f1métional range of motion
might be more appropriate. "The limits of the disabling condition and the ROM needed to permit
adequate ﬁ.métioning, mobility, and indépendence define the functional range of motion”
(Surburg, 1995, p.102). Other researchers (for example, Ryu, Cooney, Askew, An, and Chao,

1991; Vasen, Lacey, Keith, and Shaffer, 1995; Cunningham, Paterson, Hlmann, and Rechnitzer,

153




_ 139

1993) have ettempted to more precisely defm;c“'ﬁmcticnal range of motion by determining the
ROM necessary to perform si)eciﬁc activities of daily living. |

Since range of motion requirements will vary from task to tesk, the'-selection of a single
CR standard to reflect functional ROM in a generic sense can provide only an estimate of the
demands of function. Still, the establishment of functional ROM standards has merit in
ccnveying the notion that some health-related benefits can be derived from the pursuit of greater
range of motion even when the limits of range of motion are restricted by impairment. The
minimal standards associated with each of the subtests of the TST were adopted by the Advisory
Committee ¢ 997) for use with the BPFT. These values have been used as "functional” standards
in hospital settings in the state of Michigan for many years, lending some practical credence to
their adoption. Unfortunately, there is little documentation on the derivation of these values and,
.' instead, they seem to be part of an "cral tradition" among those who use them (K.J. Richter, |
personal communication, March 18, 1997). The Advisory Committee (1997) preferred the
Michigan standards to other sets of values which were consi&ered including versions related to
the AMA's system for the evaluation of permanelit impairment (American Medical Association,
1995). - | |

Research that has attempted to establjsh functional ROM values for activities of daily

living has identified values similar or identical to the TST minimal general CR standards. Ry,
et al (1991) found that the majority of their hand placement and rangeof motion tasks couid be
accomplished with 40 degrees of wrist extension. The TST minimal standard for wrist extension
by comparison is 30 degrees. Cunningham, et al (1993) found that 120 degrees of shoulder |

abductioq is an acceptable threshold for adequate function and were able to use this criterion to
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distinguish between indebendent and dependent elderly eubj ects. The TST functionél staﬁdard
for sﬁoulder abduction also is 120 degrees. Functional ROM of the elbow joint was studied by
Vasen, et al (1995). They concluded that all 12 ADLs investigateci m their study could be
accomplished with a 15 degree less from optimal elbow extension. This is the same value used
as a functional standard in the TST. ”Again, the required ROM will vary from task to task, but the
fact that some of the functional ROM values found in the research literature are close to, or
identical to, those adopted for use with tile TST provides a modicum of support for these

functional standards.

Attainability

The TST was field-tested and modified a number of ;cimes over the life of Project Target.
Protocols and standards changed during the evolution of the test. When the final version of the
TSf, iﬁcludmg standaeds, was adopted by the Advisory Committee (1997) consideration was
given to data generated as the result of previeus field-tests. In the most recent of the pfev__ious
versions, the protocol v;'as the same, but the minimal standards were different. Corhpared to the
current minimal standards, the previous standards were more difficult for four of the eight
subtests and the difference between the standards ranged from 8-18 degrees depending on the
subtest. Using tﬁe previous version, 130 of the TST subtests were administered to subjects from
CP classes C3-C8. Subjects met at least the minimal standard on 122 of the subtests for a 94%
pass rate.

Limited attainability data eﬁﬂ for the eurrent version of the test. Fifteen subjects with = .

CP (C3 and higher) took a total of 45 of the varioes TS'I_' subtests. A score of "2", the preferred
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standard, was obtained on 32 (71%) of the subtests. The minimal standard, a score of "1", was

given for 12 (27%) of the subtests. A total of 98% of the tests, therefore, were passed using the

minimal CR standards.

eliabili

Although the Apley and Thomas tests have been used in clinical settings (Acivisory
Committee, _-1'995) and have been recoxﬁmended for use in adapted physical education programs
(Lasko-McCarthey and Knopf, 1992), and although the shoulder stretch is a recomn_xended item
in the FITNESSGRAM (Cooper Institute for Aerobics Research, 1992), a review of literature
failed to uncover any research 6n the reliability of these items. No reliability data on the Apley
and Thomas tests were collected as part of Project Target, in part bgcause it proved difficult to
identify a large enough sample of subjecté with physical disabilities from a particular sub-
classiﬁcation to obtain any meaningful resplts. Shoulder stretch relia_bility was estimated during
one Project Target study using youngsters with MR as subjects (n = 35). Depending on the side
. of the body tested, botH alpha coefficients and P valﬁes ranged frorh .83-.94 where éubjects were
tested twice, 14 days apart. | | |

Only one study was found tha_t investigated the reliability of the BSSR. Patterson,
Wiksten, Ray, Flanders, and Sanphy (1996) tested 84 boys and girls aged 11-15 and repoxjted
intraclass reliability coefficients of .99 for both genders using thg mean of four trials as the
criterion score. ’fhey also found R's ranging from .95-.97 when reliability was determined for a
singlé reach (the fourth), as required in the BPFT protocol. Project Target staff tested 33

youngsters with MR on the BSSR 6h two occasions spaced 14 days apart. Depending on the leg
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tested, alpha ceefﬁcients ranged from .95-.96 and proportions of agreement (P) ranged from .89-
92. h |

The reliability of other forms of the éit. and reach test is fairly well-established. Plowman
and Corbin (1994) summarized >some of the reliability research conducted on two versions of the
sit and reach with nondisabled subjects and concluded that SCeres obtained by subjects on these
tests are hlghly consistent. Both inferclass e.nd intraclass reliability coefficients typically-
associated with versions of the sit and reach test are very high (often above .95). The reliability of
the sit and reach and eelated tests also hae been investigated using subjects with disabilities.
Results of these investigations are summarized‘ in Table 5.5. As with those studies conducted
with nondisabled subjecfs, tﬁe reliability coefficients for tests related to the BSSR conducted
with subjects with disabilities tend to be high.

Table 5.5
Reliability of Sit and Reach and Related Field Tests

S . Reliability
Author Subjects N Age Field Test Coefficient
Johnson & Londeree mod MR 1105 621  bob&reach : r=.80-.99
(1976) - ~
Daquila (1982) visually imp. 50 . 10-17 sit & reach a=.98
auditory imp. 50 10-17 sit & reach a=.99
ortho. imp. 50 10-17 sit & reach a=.80
Reid, Montgomery, & trainable/ 20 20-39  trunkforward  R=.94
Seidl (1985) educable MR - flexion
Pizzaro (1980)  educableMR . 44 1215 sit & reach R=.90
trainable MR~ 37 1215  sit&reach  R=.97

r = interclass coefficient; a = alpha coefficient; R = intraclass coefficient
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Data supporting the reliability of the Target Stretch Test also is yet t6 be collected. Some

| prelimihary work on obj ectiiiity, however, was conducted as part of Project Target. While
working from an earlier version of the TST, two testers independently scored 175 of the various
TST subtests taken by 38 subjects with CP. The alpha éoeﬂicient calcglated for the combined
175 paired observations was .92 which represents an acceptable level of inter-rater reiiability
(Safrit, 1990). Although the scoring of the TST has been modified from this earlier version and
additional objectivity work is required, the results of this preliminary study suggest the
probability that testers can score performanée on a fairly consistent basis using the criteria

associated with the TST protocol.

) Discussion

As described in the BPFT test manual, and as implied in this paper, the development of
domain-referenced vaiidity for the test items and CR standards is based on a five-step i
"pérsonalized approach" fo ﬁmess testing. The approach is considere& personalized because
testers have the latitude to modify the selection of items and standards as necessary to better meet
the needs of a particular youngster. The items and standards recommended in the BPFT,
however, are believed to be appropriate for most youngsters with a specific disability. The first
- step in the personalize_d approach is to identify the health-related physical fitness needs of a
~ youngster or a group of youngstefs with a specific disability. For the recommended BPFT items
and standards the health-related needs were identified as a resul; of a review of the literature and

discussions with experts in the field.
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Step 2 isto develob a desired profile. In essence the profile sets forth the heaith-reiated
ﬁtnesé goals for the youngster (or yoimgsters) which reflect the hgalth-related needs and consider
the nature of the disability. (No profiles have been included in this i:hapter, but readers.can find
recommended profiles for each of the disability groups in the BPFT test manual.) Next,
componenté (e.g., musculoskeletal fui1ctioning) and subcomponents (e.g., ﬂexii:ility, range of
motion) of health-related fitness are selected in accord with the profile. Inthe BPFT it is
recommendéd that measures of flexibility be included in the fitness testing of all youngsters
although measures of range of motion arie included for those whose flexibility is more seriously
restricted by impairment.

The fourth step is to select test items from the components and subcomponents of fitness
which pertain to the health—relatéd needs.. The rationales for the selection of all recommended
ﬂéxibility and range of motion te'st items were described earlier in this paper-and attempt to
reflect sciine health-related fitness need for a specific disability groub (or groups). Finally, CR
standards are selected ip operationalize the desired proﬁle; that is, the standards attempt to
identify test scores which reflect levels of fitness believed to be sufficient to attain the goals cited
in the profile. Since specific test scores on any measure of flexibility or range of motion have yet
to i:e linked to specific health-relatgd concerns for either disabled or nondisabled individuals, the
CR standards provided by the BPFT were derived primarily from expert opinion.

A future goal in the on-going validation of the battery is to determine decision validity
(Safrit, 1990). Decision validity refers to the accuracy of classification into some health-related

| category provided by the CR standard (e.g., healthy vs diseased, high risk vs low risk, ..

~ independent vs dependent, etc.). It should i:e noted that as with the youngsters with disabilities
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“included in the BPFT, decision validity has yet to be deten.nined for nondisabled youngsters on
measures of flexibility. Standards fbr the BSSR énd shoulder stretch tests included in the
FITNESSGRAM battery were determined through expert opinién aﬁd have not yet been
statistically related fo health status. Some preliminary work attempting to determir_ie decision
validity on the TST, Apley, and Thomas tests was conducted as part of Project Target, but these
efforts did not link specific test scores to the ability to independently perform certain ADLs.
Additional v;'ork is required.

The attainability data reported here are encouraging. The passing rates for youngstei's
with disabilities generally ranged between 35-70% for most items recommended for specific
groups (and higher for the TST). These passing rates seem to suggest that the standgrds will be
within reach for many youngsters with the dis_abilities covered by the BPFT (although some
training may be necessary). Practitioners, in fact, may experience highef passing__rates among
ybungsters with CP than reported in this manuscript for the Apley grid the TST. Although these
tests are designed to be administered to limbs on both sides of the body, youngsters with CP need
to attain the CR standard only on one side of the body in order to “pass” the test. The
attainability data reported in this chapter considered tests administered to both sides of the body
for all groups (including those with CP).‘ The fact that the standards appear attainable by many
youngsters from a particular category provides an indication that the protocols associated with
the tests also are appropriate. |

Reliafaility data currently availablé fér the flexibility and range of motion tests is

insufficient. In addition to the need to conduct more test-retest studies on each of these items it
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‘also is necessary tc dctermine the ccnsistency of classification (i.e., fit vs unfit) provided by the
standards (Safrit, 1-990). Do subjects who pass the test on day 1 alsc pass it on day 2?

The vé,lidation of the flexibility and range of motion tests associated with the BPFT is a
significant and on-going endeavor. The area of criterion-referenccd health-related physical
fitness is fertile ground for research by interested professionals and graduate students. ﬁased on
the information presen_ted in this paper the following suggestions are made for future research:

®determine the degree of statistical relationships between measures of flexibility and -
range of motion and indices of physiological and functional health

®determine the decision validity of the CR standards for all items and for all disability
groups;

ocorrelate TST scores with goniometry values to determine criterion-related validity;

e use goniometry values to determine if scores obtained on the Thomas test accurately
reflect the degree of contracture implied in the scoring system (is accuracy a function of
body composmon or type?);

®dctermine or confirm the attainability of the Apley standards for youngsters in CP
classes C1 and C2L;

®confirm the attainability of the Thomas test for youngsters with CP, espec1ally those in
class C5;

o confirm the attainability of both the minimal (functional) and preferred (optimal)
standards of the TST for youngsters with CP;

®determine or confirm the consistency of classification for all test items and all disability
groups;

econfirm the objectivity of the TST.
Although some significant work remains to be done on the validation of the BPFT,
currently available information on the flexibility and range of motion items suggests that these

tests and their standards are sufficiently valid and reliable for use with youngsters with selected
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| disabilities. Future research may result in alterations to some of the jtems or standards, but this is

considered a natural part of the evolution of the test.
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