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Abstract

Purpose: In the fitness industry, several different traits are measured using many different tests. Therefore,
a need exists to study and evaluate the convergent and divergent validity of different fitness traits across their
tests. The purpose of this study was to examine the measurement properties of different fitness tests designed
to assess the five components of health-related physical fitness.

Methods: A total of N=131 college students attending a rural public institution participated in this cross-
sectional study. Four different fitness tests were administered for each of the five fitness traits: cardiorespiratory,
muscular strength, muscular endurance, body composition, and flexibility. A modified MultiTrait-MultiMethod
(MTMM) matrix was used to simultaneously examine the measurement properties of the fitness assessments,
which included internal consistency reliability, convergent validity, and divergent validity.

Results: The overall modified MTMM matrix indicated strong internal consistency (alpha=0.89) across the
twenty fitness tests. Each fithess component showed at least moderate reliability (alphas=0.68-0.88) with the
exception of flexibility (alpha=0.38). Same trait convergent validity coefficients (CV,) were significant (ps<0.05)
for all traits with exception of flexibility. Majority of different trait convergent validity coefficients (CV ) were
significant for all traits with exception of flexibility.

Conclusions: Results from this study provide moderate to strong validity evidence for fithess assessments
in college students. However, several tests appear to lack strong convergence with their same trait counterpart
tests. Furthermore, flexibility appears to lack convergence with its same trait tests as well as other fitness trait
tests.

Introduction

Health-related Physical Fitness (PF) is a set of traits related to an ability to carry out specific
tasks with a certain performance level and that are also related to good health [1]. There are five (5)
components of health-related PF [2]. These components consist of (1) cardiorespiratory endurance,
(2) muscular strength, (3) muscular endurance, (4) body composition, and (5) flexibility. Many
different assessments exist to measure these components of health-related PF, both lab-based
and field-based, with the latter being much more common in school-based PF assessments [3].
Separately, most field-based PF assessments have shown to be valid and reliable tests [4]. However,
in a norm-referenced context, less is known regarding our ability to rank individuals equally across
multiple same trait PF tests.

The Multitrait-Multimethod (MTMM) matrix is a powerful multivariate technique that allows
for the simultaneous evaluation of different measurement properties of multiple tests and multiple
constructs [5,6]. In the fitness industry, different PF traits are measured using many different
techniques. Therefore, a need exists to study and evaluate the convergent and divergent validity of
different fitness traits across their tests. The purpose of this study was to examine the measurement
properties of different fitness tests designed to assess the five components of health-related PF.

Methods

Participants

Participants were recruited via campus flyers and word-of-mouth. Inclusion criteria included
being an enrolled college student, acceptable responses to the PAR-Q screening tool [7], and a
willingness to undergo testing spanning twenty different assessments. After reading a study flyer,
participants signed an IRB approved consent form and were scheduled for their battery of fitness
tests.
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Research design

This was a cross-sectional assessment study. Trained exercise
testing research assistants administered all fitness assessments.
Each assistant administered the complete test battery to at least one
individual prior to data collection, which served as a pilot run for each
tester. Each study participant completed their testing within a three
day period and followed a logical order that would always increase
each test’s performance and score reliability.

Physical fitness test battery

Four different fitness tests were administered for the
Cardiorespiratory (CR) trait. These included (1) Multi-stage fitness
(Beep) test [8], (2) Queens College step (Step) test [9], (3) Ebbeling
VO2max TreadMill (TM) test [10], and (4) George Non-Exercise
(NE) test [11]. All CR test variables were measured in units of ml/kg/
min. Four different fitness tests were administered for the Muscular
Strength (MS) trait. These tests included (1) Hand grip (Grip) test
[12], (2) 1RM Bench Press (1BP) test [13], (3) 1RM Leg Press (1LP)
test [13], and (4) Vertical Jump (V]) test [14]. The two 1IRM MS test
variables were measured in pounds (Ib), the grip test was measured
in kilograms (kg), and vertical jump was measured in inches (in).
The four Muscular Endurance (ME) tests included (1) Curl-Up (CU)
test [13], (2) Push-Up (PU) test [13], (3) Flexed Arm Hang (FAH)
(modified) test [15], and (4) YMCA Bench Press (YBP) test [14]. All
ME variables were measured in number (#) of completed repetitions
except for flexed arm hang which was measured in seconds (s).
Flexibility (FL) tests included (1) Sit-and-Reach (SnR) test [13], (2)
Back Scratch (BS) test [16], (3) Side Bend (SB) test [17], and (4) Trunk
Lift (TL) test [15]. All FL variables were measured in centimeters (cm).
Finally, the four Body Composition (BC) tests included (1) Skinfold-

determined percent body fat (PBF) (SF) test [13], (2) Circumference-
determined PBF (CM) test [18,19], (3) Body mass index (BMI) test
[13], and (4) Handheld bioelectrical impedance-determined PBF
(HH) test [20]. All BC variables were measured in percent (%) except
BMI which was measured in kg/m?.

Statistical analyses

A modified MTMM matrix was used in this study to account
for its cross-sectional design. Table 1 shows that the different
testing methods are grouped by trait and can be evaluated in
blocks according to the trait they measure. For example, the upper
left corner block contains measurement properties of Trait 1 only.
Therefore, the validity coefficients in this block represent same trait
convergent validity (CV ). For example, the correlation between two
cardiorespiratory tests scores from two different cardiorespiratory
tests. In blocks with two traits that are different yet similar in their
relationship, different trait convergent validity coefficients (CV ) are
evaluated. For blocks with two opposing traits, traits known to have
no relationship, Divergent Validity (DV) coefficients are evaluated.

All reliability coefficients in the modified MTMM matrix (see
Table 1) are internal consistency (standardized) reliability coefficients
(Cronbach alpha coeflicients). The alpha coeflicient in the title is the
overall combined alpha («) of all tests and traits. Each trait in the
matrix will also have its own alpha (aT). Finally, within each block,
the diagonal represents trait-specific alpha with that method (test)
deleted (e)).

Pearson correlation coefficients were used for all convergent
and divergent validity coeflicients. Spearman correlation coeflicients
were also computed and determined to be no different from the
Pearson coefficients. Therefore, the more traditional coefficients were

Table 1: Theoretical Model for the Modified Multitrait-Multimethod (MTMM) Correlation Matrix (Population N = xx, a = xx).

Trait 1 (a;, = xx) Trait 2 (a,, = Xx) Trait 3 (a,, = xx)
Method 1 | Method 2 | Method 3 | Method 4 | Method 1 | Method 2 = Method 3 | Method 4 | Method 1 | Method 2 | Method 3 | Method 4

Trait 1

Method 1 a,

Method 2 CVg, ag

Method 3 CVg, CVq, a,

Method 4 CVg, CVg, CVg, a,
Trait 2

Method 1 DV DV DV DV a,

Method 2 DV DV DV DV CVq a,

Method 3 DV DV DV DV CVq CVq, a,

Method 4 DV DV DV DV CVq CVq, CVq, a,
Trait 3

Method1 =~ CV,, CV,, CV,, CV,, DV DV DV DV a,

Method2 = CV,, CV,, CV,, CV,, DV DV DV DV CV,, a,

Method 3 = CV, CV,, CV,, CV,, DV DV DV DV cv,, Cv,, a,

Method 4 = CV, CV,, CV,, CV,, DV DV DV DV cv,, Cv,, CV,, a,

Note: ain title is the overall Cronbach alpha for all methods across all traits. a in column heading is Cronbach alpha for all methods on that trait only. a, on diagonal
is Cronbach alpha with that test deleted. CV,_ is Pearson correlation coefficient representing convergent validity for same trait. CV, is Pearson correlation coefficient
representing convergent validity for different trait. DV is Pearson correlation coefficient representing divergent validity for different trait.
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reported. Fitness variables were first T-score transformed by sex
prior to the MTMM matrix analyses. Student’s T statistics for mean
comparisons were also used for descriptive purposes. All analyses
were performed using SAS version 9.4 [21,22].

Results

A total of N=131 (Mean age=21.8, SD age=5.1 years) college
students participated in this study and completed all twenty fitness
tests. Table 2 shows fitness test score descriptive statistics for all
participants combined and by sex. Significant differences (ps<0.05)
between sex were noticed and expected across many fitness tests. For
example, it was anticipated that males would test with higher CR,
MS, and ME scores. With the exception of the MEYBP test, where
males and females used sex-specific loads. It was also anticipated
that males would test with lower BC PBF scores. Females, however,
had a lower mean BMI as compared to males (p<0.05). Females also
outperformed males in two FL tests, including SnR and BS (ps<0.05).

Table 2: Descriptive Statistics of All Study Variables by Sex.

Table 3 contains results for the MTMM analyses. The overall
Cronbach alpha for all twenty fitness tests was strong (alpha=0.89),
indicating high consistency across the test battery. Internal
consistency reliability was moderate to strong for CR (alpha=0.78),
MS (alpha=0.88), ME (alpha=0.68), and BC (alpha=0.87) traits.
Reliability was, however, poor for FL (alpha=0.38). The alpha with
test deleted coefficients (the diagonal) did not indicate the need to
eliminate any one test from its trait test group. Although the BC trait
reliability could modestly improve (alpha from 0.87 to 0.93), BMI
were removed from its trait test group.

Same trait convergent validity coefficients (CV ) (the triangles in
the matrix) were significant (ps<0.05) within each fitness trait except
FL. As well, different trait convergent validity coefficients (CV ) (the
squares in the matrix) were significant for majority of tests across
fitness traits, except for FL. CR tests were directly related to most MS
and ME tests and indirectly related to most BC tests. MS was directly
related to ME and indirectly related to most BC tests, except BMI.

Overall (N=131) Males (N=87) Females (N=44) t test
Fitness Trait Mean SD Mean SD Mean SD p
Cardiorespiratory (CR)
Beep (ml/kg/min) 34.8 8.3 36.9 8.1 30.6 7.4 <.001
Step (ml/kg/min) 49 10.7 53.8 9.7 39.3 4 <.001
TM (ml/kg/min) 50.8 10 54.7 8.5 43.3 8.4 <.001
NE (ml/kg/min) 47.7 7.4 50 6.6 43.2 6.9 <.001
Muscular Strength (MS)
Grip (kg) 47.9 12.7 54.7 8.7 34.4 7.2 <.001
1BP (Ib) 186.2 85.9 232 67.4 95.6 23.6 <.001
1LP (Ib) 502.1 197.3 593.5 166.2 321.3 110.2 <.001
VJ (in) 20.7 5.7 235 44 15.2 3.7 <.001
Muscular Endurance (ME)
PU (#) 323 15.1 35.4 16 26.2 11.1 <.001
CU (#) 51 24.2 53.8 22.3 455 27.1 0.064
FAH (s) 30.8 19.5 33.7 18.9 25 19.7 0.015
YBP (#) 33.8 15.5 331 135 35.1 19 0.49
Body Composition (BC)
SF (%) 17 7.7 13.9 6.7 23.2 5.2 <.001
CM (%) 20.9 8.5 17.3 6.9 28 6.7 <.001
HH (%) 20.1 7.4 17.9 6.9 24.6 6.4 <.001
BMI (kg/m2) 26.6 4.6 27.7 4.6 24.4 35 <.001
Flexibility (FL)
SnR (cm) 30.8 8.9 29 8.9 34.4 8 <.001
BS (cm) 0.3 8.3 2.4 8.7 4 5.5 <.001
SB (cm) 255 5.8 25.7 6.2 25.2 5 0.681
TL (cm) 30 9 29.3 7.6 31.3 11.2 0.227

Note: t test represents differences between sex. Beep is the beep test. Step is the Queens College step test. TM is the Ebbeling treadmill test. NE is the George
non-exercise test. Grip is the dynamometer hand grip test. 1BP is the 1RM bench press test. 1LP is the 1RM leg press test. VJ is the vertical jump test. PU is the
push-up test. CU is the curl-up test. FAH is the flexed arm hang test. YBP is the YMCA bench press test. SF is percent body fat (PBF) by skinfold method. CM is PBF
by circumference method. HH is PBF by handheld bioelectrical impedance method. BMI is body mass index. SnR is the sit and reach test. BS is the back scratch test.

SB is the side bend test. TL is the trunk lift test.
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Table 3: Modified Multitrait-Multimethod (MTMM) Correlation Matrix for Four Fitness Test Methods Across Five Fitness Traits (Overall a = .89, N=131).

CR (a,, =.78) MS (a,,; = .88) ME (a,,. = .68) BC (a,. = .87) FL (ag, =.38)
Beep Step | T™M NE Grip | 1BP | 1LP VJ PU CU | FAH | YBP SF CM HH BMI | SnR | BS SB TL
CR
Beep = 0.66
Step 0.49 | 0.77
™ 04 | 032 | 0.77
NE 0.71  0.38 0.48  0.69
MS
Grip 0.25  0.38 0.57 0.38  0.84
1BP 0.34 | 052 | 049 | 0.33 | 0.69 0.8
1LP 0.16 | 0.35 | 0.43 0.14  0.68 | 0.77  0.86
VJ 058 051 05 | 061 058 071 0.44 0.88
ME
PU 045 035 0.28 | 052 035 049 | 031 051 0.55
cu 043 | 022 028 | 0.36  0.18 0.19 0.22 0.29 0.31  0.66
FAH | 049 022 027 | 061 025 0.2  0.07 049 049 033 0.62
YBP 0.2 -0.01 015 0.16 0.12 031 028 | 0.22 045 0.3 | 0.23 0.64
BC
SF -0.65  -0.42  -0.54 -0.77 -0.55 -0.42  -0.26 | -0.68 | -0.5  -0.34 -0.64 -0.12 0.82
CM -0.56 | -0.47 | -0.39 -0.68 -0.47 -0.38  -0.14 | -0.68 | -0.42  -0.27 -0.63 0.06 0.8 | 0.81
HH -0.63 -0.32 -0.39 | -0.77  -0.35  -0.28 -0.03  -0.63 |-0.48 -0.28 -0.69 -0.08 0.81  0.84 | 0.76
BMI -0.32 | 0.19 0.04 -048 0.28 045 056 -0.03 -0.11|-0.12 -0.48 0.06 0.38 0.38 | 0.56  0.93
FL
SnR 0.13 | -0.05 | 0.04 0.08 | -0.09 -0.02  -0.05|-0.07 0.26 0.14 0.16 | 039 0.01 0.1 -0.01  -0.1 |0.29
BS -0.06  -0.2 -0.24  -0.01|-0.34 | -0.33 | -0.46  -0.13 -0.13 | 0.05 0.14 0.05 0.03 -0.03 -0.05 -0.41| 0.18 0.34
SB 0.11 004 0.09 | 02 | 0.05 -0.03 -002 0 0.12 | 0.22 | 0.08  0.04 -0.12 -0.12 -0.11 -0.06 0.09 0.04 0.36
TL -0.09 | -0.17 | 0.05 | -0.04  0.02 -0.02| 0.19 -0.16 -0.1 0.2 | 0.05 | 0.14 0.02 0.1 0.1 | 0.04 0.18 0.13 0.19 0.25

Note: a values are Cronbach alpha reliability coefficients. Diagonal values are Cronbach alpha coefficients with test deleted. All other values are bivariate Pearson
correlation coefficients. Bold values are significant (p<.05). Beep is the beep test. Step is the Queens College step test. TM is the Ebbeling treadmill test. NE is the
George non-exercise test. Grip is the dynamometer hand grip test. 1BP is the 1RM bench press test. 1LP is the 1RM leg press test. VJ is the vertical jump test. PU is
the push-up test. CU is the curl-up test. FAH is the flexed arm hang test. YBP is the YMCA bench press test. SF is percent body fat (PBF) by skinfold method. CM is
PBF by circumference method. HH is PBF by handheld bioelectrical impedance method. BMI is body mass index. SnR is the sit and reach test. BS is the back scratch

test. SB is the side bend test. TL is the trunk lift test.

Finally, ME was indirectly related to most BC tests. Although FL tests
lacked convergent validity as a whole BS was however significantly
and indirectly related to three MS tests (Grip, 1BP, and 1LP).

Discussion

The aim of this study was to examine the measurement properties
of different fitness tests designed to assess the five components of
health-related physical fitness. Overall, the results demonstrated
many expected relationships within and between measured fitness
traits. For example, the CR trait tests exhibited moderately strong
internal consistency reliability, which was robust to any single test
being removed from the CR battery. As well, all CR tests showed
significant CV coefficients, supporting their ability to validly
measure the CR trait. These findings were consistent across the MS,
ME, and BC traits.

However, and more noteworthy, was the relationship between

the fitness tests and different trait tests. For example, the CR tests
significantly converged (CV ) with most MS tests, most ME tests,
and most BC tests. The fitness trait tests converging with other trait
tests does in fact makes sense. One study with similarly aged men
showed significant correlations between maximal bench press (MS)
and both push-up and sit-up scores (ME) [23]. This study also
showed that repeated squats (ME) significantly correlated with cycle
ergometer test values (CR). Finally, this study showed that percent
body fat (BC) was significantly correlated with tests of ME. Therefore,
it would be appropriate to consider tests from the CR, MS, ME, and
BC traits as tests that significantly converge with each other and
hence appropriate to term their validity coefficients as CV .

Equally noteworthy, and not expected, was the lack of
psychometric evidence regarding the FL trait. That is, the FL tests
lacked internal consistency reliability, same trait convergent validity,
and different trait convergent validity. With only a few exceptions
(i.e., BS related to MS tests and the BC BMI test), FL would appear to
have no relationship with the other four PF traits. Having shown this,
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the lack of reliability and same trait validity can be justified, due to
the physiological fact that flexibility is joint specific [2]. Therefore, an
individual that ranks high in terms of lower-body flexibility may not
necessarily rank high in terms of upper-body flexibility.

The lack of different trait convergent validity is, however, less
understood. This may simply reflect the fact that flexibility training
is promoted less on college campuses than other forms of training
(i.e., exercise facilities with CR, MS, and ME equipment but no
designated stretching space). Another possible explanation may
be that individuals who do focus on flexibility are less interested in
improving the other fitness traits (and vice versa). In any event, more
research is suggested here to address the lack of convergent validity
of FL tests with other trait tests. Given these results, it would be
appropriate to consider FL as a multidimensional trait, where each
joint-specific test measures its own construct. Additionally, tests from
the FL trait may be considered as tests that diverge from other fitness
trait tests and hence appropriate to term their validity coefficients as
DV.

The results of this study should be interpreted while considering
some limiting factors. Firstly, the psychometric properties assessed
in this study are population and situation specific [24]. That is, the
measurement results from the MTMM matrix should be considered
only for college students who attend a rural public university.
Secondly, each of the twenty PF tests administered in this study was
field-based techniques and not lab-based techniques. This fact may
have limited the results because lab-based techniques serve as “gold-
standard” methods in assessing PF traits. Given this fact, our study
was based on norm-referenced standards [25] and therefore more
concerned about each test’s ability to rank individuals accurately on
same trait tests and less concerned about criterion-based standards
where test results may be used to diagnose patients. A final limitation
in this study was the amount of time and effort required to complete
twenty fitness tests by each college student participant. This fact may
have presented a limitation by introducing measurement error into
the test scores [24]. To reduce measurement error on each of the
performance tests, participants would have needed to give maximum
effort. And in any testing scenario, the more demand placed on the
test taker, the more likely it is that he or she will fatigue. Given this
fact, trained research assistants were instructed to schedule the tests
across a maximum span of three days and according to principles that
would produce the most reliable scores [13].

Conclusions

Results from this study provide overall moderate to strong
validity evidence for fitness assessments in college students. However,
several tests appear to lack strong convergence with their same trait
counterpart tests. Furthermore, flexibility appears to lack convergence
with its own trait fitness tests as well as with different trait tests. This
may suggest that the flexibility trait diverges from the other four
components of health-related PF.
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