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Abstract: This study determined relationships between an agency-specific fitness test battery (PT500),
and a work sample test battery (WSTB) in law enforcement recruits. Retrospective analysis on
219 males and 34 females from one agency was conducted. The PT500 comprised: push-ups, sit-ups,
and mountain climbers in 120 s; pull-ups; and 201 m and 2.4 km runs. The WSTB comprised:
99 yard (90.53 m) obstacle course (990C); body drag (BD) with a 165 pound (75 kg) dummy; 6 foot
(1.83 m) chain link fence (CLF) and solid wall (SW) climb; and 500 yard (457.2 m) run (500R).
Partial correlations, controlling for sex, calculated PT500 and WSTB relationships (p < 0.05). Stepwise
regression determined whether fitness predicted WSTB performance. The 500R related to all PT500
assessments (r range = —0.127-0.574), 990C related to all bar push-ups and mountain climbers,
and BD related to none. The CLF related to sit-ups, pull-ups, and 2.4 km run; SW related to mountain
climbers, pull-ups, and 2.4 km run (r range = —0.127-—0.315). Push-ups, pull-ups, and 2.4 km run
were involved in predictive relationships for 990C, CLE, SW, and 500R & range = 0.217-0.500).
To perform better in the WSTB and job-specific tasks, developing upper-body strength and aerobic
fitness may be beneficial.

Keywords: aerobic capacity; anaerobic capacity; deputy sheriff; job-specific; police; muscular
endurance; tactical

1. Introduction

Law enforcement is a demanding profession and can place great deal of physical stress on those
employed in this vocation. For example, on-duty law enforcement officers (LEOs) may be required
to push, pull, lift, carry, or drag objects or people at any time during their shift [1]. In addition to
these physical demands, LEOs must also perform job-specific skills, including driving vehicles [2],
discharging firearms [3,4], defensive tactics [4,5], civilian or partner rescue, vaulting obstacles,
and pursuing and apprehending suspects [6-8]. Academy training is where law enforcement academy
(LEA) instructors and Tactical Strength and Conditioning Facilitators will train recruits to tolerate the

physical rigors of the profession, while also teaching the necessary procedures and skills required for
the job [9,10].
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Physical training is a common practice for most law enforcement academies, as this is used
to physically and mentally prepare recruits for their vocation. Many academies tend to focus on
muscular endurance or body weight exercises, in addition to aerobic-focused training (e.g., long,
slow distance or formation runs), due to large class numbers and limited equipment and space [11,12].
Law enforcement academy staff will often use specific fitness tests to measure these qualities for job
retention purposes, or as a reward system (i.e., higher fitness scores could result in the attainment of an
award or recognition within the class). Some examples of fitness tests used include muscular fitness or
endurance assessments (e.g., maximal push-ups and sit-ups within a certain time period) [1,9,13-17],
and running tests over different distances to indirectly measure anaerobic (e.g., 201 m, or 220 yard,
run) [16,17] and aerobic (e.g., 2.4 km, or 1.5 mile, run) capacity [1,9,13-18].

Many agencies will also have a final examination of job-specific physical skills. This is done to
ensure that the recruits will be able to perform the tasks necessary when undertaking police work [6],
in order to keep themselves, their colleagues, and the community safe. Within the state of California in
the USA, this final examination is referred to as the work sample test battery (WSTB) [19]. Batteries
such as the WSTB are typically based on critical job tasks for law enforcement officers. The WSTB
consists of five tests completed for time: a run around a 99 yard (90.53 m) obstacle course (990C);
a body drag (BD) with a 165 pound (74.84 kg) dummy; a climb over a six foot chain link fence (CLF);
a climb over a six foot solid wall (SW); and a 500 yard (457.2 m) run (500R). These tasks must be
completed within a certain time limit, which allows a certain number of points to be assigned to each
test [19]. The faster a recruit completes the test, the more points they are allocated [19]. This process
also means recruits can essentially “compensate” for poorer performance on one test with a better
performance on another. To attain any points, the 990C must be completed within 33.5 s (sec); the BD
within 27.9 s; the CLF within 15.1 s; the SW within 19.6 s; and the 500R within 199.9 s [19]. This means
that all the tests within the WSTB are primarily anaerobic in nature [20], which is reflective of the
critical tasks for police officers [21]. However, the structure of many LEA academy training programs
is not always conducive to the development of anaerobic capacity [11,12], especially as it pertains to
maximal strength.

Previous research has documented that extended physical ability tests, where numerous job
tasks are performed in succession, relate to performance in physical fitness assessments such as the
vertical jump, push-ups, sit-ups, and aerobic endurance in LEOs [6,22]. As previously stated, many law
enforcement training academies tend to emphasize circuit training [12] and long, slow distance
running [11], operating within a “one-size-fits-all” model [10-12]. The term “long, slow distance
running” refers to higher volume training completed a constant pace, and this is the recognized
definition within the field [23,24]. These training modalities tend to develop muscular endurance and
aerobic capacity [9,10], perhaps more so than qualities such as maximal strength. In addition to this, it is
also commonplace for LEA training staff to use strength endurance and aerobic capacity assessments
to measure fitness in their recruits [13-17,25,26], as these tend to be more easy to implement especially
considering time and resource restraints [26]. Thus, how muscular endurance and aerobic capacity
might influence the performance of short duration job-specific tasks, such as those within the WSTB,
has yet to be determined. The effects of these qualities (or potential lack of influence) is particularly
important to note in tasks that might demand maximal or near-maximal strength or muscular force
output (e.g., dragging a body or climbing a fence).

Therefore, this study analyzed the relationships between measures of physical fitness with WSTB
performance in male and female law enforcement recruits from one LEA. The agency in question
utilized a battery of general fitness tests called the PT500 to assess their recruits, and the WSTB as a
measure of job-specific task performance. A cross-sectional and retrospective analysis of pre-existing
data collected from LEA recruits was conducted. It was hypothesized that there would be significant
correlations between the PT500 test elements and the WSTB, and assessments within the PT500 would
predict WSTB performance. However, the strength of the correctional and predictive relationships
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would be dependent on whether a high degree of muscular strength was required for successful
task completion.

2. Materials and Methods

2.1. Subjects

Retrospective analysis on recruits from four academy classes from one agency was
conducted. This convenience sample was comprised of 253 recruits (age: 26.69 & 5.26 years; height:
1.75 £ 0.10 m; body mass: 79.69 + 12.29 kg), which included 219 males (age: 26.69 + 5.35 years;
height: 1.77 £0.08 m; body mass: 81.94 £10.98 kg) and 34 females (age: 26.68 * 4.68 years;
height: 1.62 & 0.09 m; body mass: 64.43 &+ 9.57 kg). The four training cohorts started their academy
within a calendar year in southern California. Based on the retrospective nature of this analysis,
the institutional ethics committee approved the use of pre-existing data (HSR-17-18-370).

2.2. Procedures

The data in this study were collected by staff working for one LEA. The staff were all trained
by a certified Tactical Strength and Conditioning Facilitator who verified the proficiency of the staff
members. Each recruit’s age, height, and body mass were recorded at the start of the 22-week academy
training period, and included here to provide a general description of the characteristics of the recruits.
Height was measured barefoot using a portable stadiometer (Seca, Hamburg, Germany), while body
mass was recorded by electronic digital scales (Health o Meter, Neosho, MO, USA). The PT500 and
WSTB were completed on separate days in the final weeks of academy depending on the class schedule,
and typically between 05:00-12:00 (5:00 a.m.—12:00 p.m.). The weather conditions for testing were
typical of the climate of southern California during a calendar year. Although conducting testing
outdoors is not ideal, there was no indoor testing facility available for this LEA and these procedures
were typical of staff from the LEA (i.e., during the hiring process, for recruits during academy, and for
incumbents during skill refresher programs).

2.3. PT500

The PT500 was used by staff at this LEA to award fitness pins for high-performing recruits,
and was comprised of six assessments: maximal push-ups, sit-ups, and mountain climbers completed
in 120 s; maximal number of pull-ups; 201 m run; and 2.4 km run. Rather than the total score
for the PT500, the elements of the test were considered individually in this study. The PT500
was an established standard of fitness assessment used by this specific agency for a number
of years, and typical of law enforcement recruit tests, incorporated predominantly strength
endurance and aerobic assessments [13-17,25,26]. Furthermore, the procedures adopted during
testing are reflective of research incorporating law enforcement populations in the published scientific
literature [1,6,9,10,13,14,16-18,25-31]. Recruits performed the PT500 in their typical physical training
attire. The push-ups, sit-ups, and mountain climbers were conducted outdoors on a concrete surface,
and each test was completed with a partner who counted the number of repetitions before the partners
alternated. Pull-ups were completed on an outdoor bar. The 201 m and 2.4 km run was performed
on an athletics track at the LEA’s facility, and the recruits completed the runs in their platoons, which
consisted of 10-15 per group. The procedures for each assessment are detailed hereafter.

Push-ups: Upper-body strength endurance was assessed via a maximal push-up test where
recruits completed as many repetitions as possible in 120 s. The technique used for this test is
provided here, but has also been presented in great detail in previous literature [1,6,9,13,14,16,17,26-28].
Recruits started in the standard “up” position, with the body taut and straight, the hands positioned
shoulder-width apart, and the fingers pointed forwards. Staff at the LEA utilized a standard water
bottle to determine the bottom position of the push-up, which was positioned underneath the recruit’s
chest [18]. On the start command, a LEA staff member began the stopwatch, and candidates flexed
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their elbows, lowered themselves until their chests contacted the water bottle, before extending their
elbows to return to the start position. The recruits performed as many push-ups as possible using
this technique.

Sit-ups: Muscular endurance of the abdominal muscles was assessed via the sit-up test,
where the recruits completed as many repetitions as possible in 120 s. As for the push-up test,
the technique used for this test is provided here, but has also been presented in great detail in
previous literature [1,6,9,13,14,16,17,26,27]. The recruits laid on their backs with their knees flexed to
90°, heels flat on the ground, and hands cupped behind their ears. The feet were held to the ground
by a partner during the test. On the start command, recruits raised their shoulders from the ground
while keeping their hands cupped at their ears and touched their elbows to their knees. The recruit
then descended back down until their shoulder blades contacted the ground, and completed as many
repetitions as possible.

Mountain climbers: This exercise is another muscular endurance assessment. Mountain
climbers involve isometric work for the trunk musculature and dynamic hip and knee flexion and
extension [32,33]. Recruits started in the standard “up” position for the push-up, and maintained the
position with the arms extended throughout the test. The back was required to remain in neutral
alignment, and recruits alternated flexing the hip and knee for each leg in movements that brought the
knee close to the chest and the foot underneath the body within each repetition. The recruits completed
as many repetitions as possible in 120 s.

Pull-ups: The pull-up test provided a measure of upper-body pulling strength [34,35], and has
been previously used for law enforcement personnel [17,25]. The start position required the recruit to
hang on the bar in a vertical position with their hands shoulder-width apart using a pronated grip.
The recruit then pulled themselves up while maintaining a vertical body alignment until their chin
was over the bar. This counted as one repetition. The recruit then had to descend to a position where
the arms were fully extended, and continue until they could no longer get their chin over the bar.

201 m (220 yard) run: The 201 m run provided a measure of anaerobic capacity [20], and has been
used to assess this capacity in custody assistant recruits [16,17]. The 201 m distance was marked on an
athletics track. The recruits were instructed to run the distance as quickly as possible. Time for each
recruit was recorded to the nearest 0.1 s by a handheld stopwatch.

2.4 km run: The 2.4 km run is a common test used to assess aerobic fitness in law enforcement and
tactical populations [1,9,13,14,16,18,26,29-31]. The recruits completed six laps around the 400-m track
at the training facility and were instructed to run this distance as quickly as possible. The run time was
recorded for each recruit on a handheld stopwatch to the nearest 0.1 s. Time was recorded as minutes:
seconds (min: s).

2.4. Work Sample Test Battery (WSTB)

The WSTB is mandatory for LEAs in California, and recruits must attain a certain standard in
order to graduate from academy [19]. A minimum score of 384 is required, and recruits attain points
within each test relative to their time to perform each test [19]. The procedures have been presented by
Peace Officer Standards and Training [19], but each test has been briefly described here. All tests were
performed outdoors on structures specifically designed for the LEA training facility, and recruits wore
their physical training attire (i.e., no equipment). The tests were completed in the order presented
hereafter, and recruits were provided the opportunity for two attempts for each test (with a minimum
of 2 min rest between attempts). Time was recorded to the nearest 0.1 s by a handheld stopwatch for
each attempt, and the fastest time was recorded.

99 yard obstacle course run (990C): This test was designed to simulate a foot pursuit, and is shown in
Figure 1. Recruits were instructed to complete the 99 yard (90.53 m) course as quickly as possible, while
remaining on the concrete track. During the run, they also needed to step over three 6 inch x 6 inch
(0.15 x 0.15 m) simulated curbs, and one 34 inch (0.86 m) high obstacle.



Int. |. Environ. Res. Public Health 2018, 15, 2477 50f12

SN «— Runningdirection
015m x0. 15m (6 inch x 6
inch) curb

/ 0.86 m (34 inch) high obstacle

Figure 1. The 99 yard obstacle course.

Body drag (BD): Recruits were required to drag a 165 pound (74.84 kg) dummy a distance of 32 feet
(9.75 m). Recruits were required to pick up the dummy by wrapping their arms underneath the arms of
the dummy and lifting it to a standing position by extending the hips and knees. Once the recruit was
standing with the dummy and they informed the tester they were ready, timing was initiated, and the
recruit had to drag the dummy as quickly as possible by walking backwards over the required distance.

Chain link fence climb (CLF): Recruits started 5 yards (4.57 m) away from the fence, and once the
test was initiated, they were required to run up to and scale the fence with whatever technique they
deemed most appropriate. However, they could not use any side supports on the fence to assist their
climb. If the recruit did not initially climb the fence in their first attempt within a trial, they could
continue attempting to climb, but the time continued to run within the test. Once the recruit cleared
the fence, they were to land and run 25 yards (22.86 m) as fast as possible to complete the test.

Solid wall fence climb (SW): The same instructions and procedures for the CLF were provided for
the SW, with the only difference being the type of wall that needed to be climbed.

500 yard run (500R): This test was designed to simulate a long-distance foot pursuit. The 500 yard
(457.20 m) distance was marked on an athletics track, and recruits were instructed to run this distance
as quickly as possible.

2.5. Statistical Analysis

All statistical analyses were computed using the Statistics Package for Social Sciences (Version 22.0;
IBM Corporation, New York, NY, USA). Descriptive statistics (mean + standard deviation (SD);
95% confidence intervals (CI)) were calculated for each test parameter, and stem-and-leaf plots
confirmed a normal distribution in data for each variable [36,37]. Partial correlations controlling
for sex were used to determine relationships between the PT500 (push-ups, sit-ups, mountain climbers,
pull-ups, 201 m run, and 2.4 km run) with the WSTB (990C, BD, CLF, SW, and 500R). An alpha level of
p < 0.05 was required for significance. Partial correlations were used because numerous studies have
documented sex differences in the physical performance of law enforcement populations [15,16,38,39],
even though there are no corrections for sex in the WSTB [19]. Indeed, previous research has combined
data for the sexes in law enforcement research [13,18,26,38,40]. The correlation strength was designated
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as: an r between 0 and +0.3 was considered small; +0.31 to £0.49, moderate; £0.5 to +0.69, large;
+0.7 to +0.89, very large; and £0.9 to &1 near perfect for relationship prediction [41]. Stepwise linear
regression analyses (p < 0.05), with sex as a control variable, were conducted for the WSTB (each test
within the WSTB acted as a dependent variable) to illustrate whether a particular PT500 test predicted
WSTB performance. This approach was undertaken due to the exploratory nature of this study.

3. Results

Descriptive data for the PT500 and WSTB is shown in Table 1. Correlation data between the
PT500 and WSTB is shown in Table 2. The 500R correlated to all tests in the PT500; the 990C correlated
with all tests except push-ups and mountain climbers, although significance equalled 0.05 in both
cases. There were small-to-moderate correlations with the strength-related tests, and each relationship
indicated higher repetitions were associated with a faster time. The 201-m run had small, positive
relationships with both the 990C and 500R. The 2.4 km run had a small relationship with the 990C,
and a large relationship with the 500R. Regarding the CLF, there were small relationships with
sit-ups and the 2.4 km run, and a moderate relationship with pull-ups. Greater sit-ups and pull-ups,
and a faster 2.4 km run, related to a faster CLF. For the SW, there were small relationships with
mountain climbers and the 2.4 km run, and a moderate relationship with pull-ups. Similar to the CLF,
these relationships indicated more repetitions in the strength tests, and a faster 2.4 km run time, related
to a faster SW. The BD did not significantly correlate with any test in the PT500.

The stepwise linear regression data is shown in Table 3. Pull-ups, push-ups, and the 2.4 km
run predicted the 990C, with an explained variance of 30.1%. Pull-ups and push-ups predicted
the CLF (explained variance = 41.8%), while pull-ups predicted the SW (explained variance = 49.3%).
The 2.4 km run and pull-ups predicted the 500R with an explained variance of 50.0%. None of the
reported tests that comprise the PT500 were predictive of the BD, and the control variable of sex had
an 7% of 0.05 (explained variance = 5.0%).

Table 1. Descriptive data for the PT500 (a battery of general fitness tests) and the work sample test
battery (WSTB) in law enforcement recruits (n = 253).

Variables Mean + SD
PT500
Push-ups (repetitions) 55.66 4= 12.20
Sit-ups (repetitions) 65.28 + 11.64
Mountain Climbers (repetitions) 58.67 + 8.49
Pull-ups (repetitions) 13.86 + 6.70
201 m Run (s) 32.21 £17.59
2.4 km Run (min: s) 11:10 + 1:14
WSTB
990C (s) 18.49 + 1.63
BD (s) 5.41 £3.19
CLEF (s) 7.83 £ 1.20
SW (s) 7.75 £ 1.37
500R (s) 89.20 £ 7.99

990C: 99 yard obstacle course run; BD: body drag with a 165 Ib dummy; CLF: climb over a six foot chain link fence;
SW: climb over a six foot solid wall; 500R: 500 yard run.
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Table 2. Relationships between the PT500 and WSTB in law enforcement recruits (n = 253).

990C BD CLF SW 500R

Push-uos ro 0125 0.024 0.094 —~0.053  —0.128*

p p 0.050 0.710 0.143 0.412 0.045

Sitoups r —0208*  —0.001 —0175%*  —0.203  —0.344*

P p 0001 0.989 0.006 0.001 <0.001

" - Climb r —0.126 0.049 —0.020 —0.127* —0.264*%
ountain Climbers o, 950 0.441 0.757 0.048 <0.001
Pull-ups r —0272*  —0.024  —0315%* —0309* —0372*

P p  <0.001 0.710 <0.001 <0.001 <0.001

0L R ro0.127* 0.002 0.037 0.106 0.140 *
-mRun p 0046 0.971 0.561 0.096 0.029
>4k R r 0.253* 0.011 0.131 * 0.190 * 0.574 %
A Km Run p  <0.001 0.861 0.041 0.003 <0.001

* Significant (p < 0.05) relationship between the two variables.

Table 3. Stepwise linear regression analysis between the WSTB and PT500 in law enforcement
recruits (n = 253).

Variables r > Significance
990C
Pull-ups 0.466 * 0.217 <0.001
Pull-ups, Push-ups 0.526 ** 0.276 <0.001
Pull-ups, Push-ups, 2.4 km Run 0.549 ** 0.301 <0.001
CLF
Pull-ups 0.613 ** 0.376 <0.001
Pull-ups, Push-ups 0.647 ** 0.418 <0.001
SW
Pull-ups 0.702 *** 0.493 <0.001
500R
2.4 km Run 0.698 ** 0.487 <0.001
2.4 km Run, Pull-ups 0.707 *** 0.500 <0.001

NOTE: Sex was used as a control variable and so was involved in all significant relationships; only those physical
fitness tests that predicted the WSTB are noted here. * Moderate, ** Large, *** Very Large.

4. Discussion

This study documented the relationships between an agency-specific fitness testing battery called
the PT500, with a state-specific job-specific testing battery called the WSTB, in law enforcement recruits
from one LEA. The results provided some support to the study hypotheses, and indicated that for all
but the BD, there were small-to-moderate correlational and predictive relationships between the PT500
and WSTB. These generally indicated the potential benefits of law enforcement recruits possessing
greater muscular endurance, upper-body pulling strength, and anaerobic and aerobic capacity for
performing job-specific tasks. However, there is scope for investigating the relationships that maximal
strength could have on job-specific task performance, especially when considering the BD.

The 990C and 500R are both maximal running tests. Both tests had small-to-moderate correlations
with the strength tests (push-ups, sit-ups, mountain climbers, and pull-ups) and the 201-m run.
All of these PT500 tests place some emphasis on the anaerobic energy system [20], which highlights
why there may have been significant relationships with most of these tests and the 990C and 500R.
Further, previous research has indicated that law enforcement recruits [26] and officers [6] who are
generally fitter tend to perform well in a range of different fitness and job-specific tests. Due to the
test duration, the 500R would also require greater aerobic contribution, which highlights why there
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was a stronger relationship with the 2.4 km run, both in the correlations and stepwise regression.
Indeed, Moreno et al. [42] found a large significant relationship (r = —0.61) between 300-m run time
and multistage fitness test shuttles in incumbent officers. The results from the current research suggest
that law enforcement recruits that have superior muscular endurance, anaerobic capacity, and aerobic
capacity could perform better in job-specific tasks and tests such as the 990C and 500R.

The CLF and SW provide a test of how well a recruit can scale an obstacle, such as that they
might encounter in urban areas. Pull-ups significantly correlated and predicted both the CLF and
SW. The ability to complete pull-ups provides a measure of upper-body pulling, and to a certain
extent, maximal pulling strength [34,35]. Greater upper-body pulling strength could ultimately be
beneficial to climbing tasks such as the CLF and SW. Push-ups contributed to the regression for the
CLF, and relative pushing ability could be used in the final part of the fence climb for the recruit to
elevate their body clear of the fence. The tests of abdominal muscular endurance (i.e., sit-ups and
mountain climbers) were also related to performance in the wall climb tests. The abdominal muscles
are active during climbing activities [43,44], and this should include tasks such as the CL and SW.
Aerobic capacity as measured by the 2.4 km run was also related to the CLF and SW, but this may
be a function of fitter recruits tending to be better in all measures of physical capacity [26]. Even so,
the current data indicated that greater upper-body strength and abdominal muscular endurance are
qualities that may positively influence job-specific tasks such as the CL and SW.

What should be noted is that although the physical fitness qualities measured in the PT500
related to and predicted the 990C, 500R, SW, and CLE, there are still other contributing factors to the
performance of these tests. For example, there are technical elements to each of the WSTB tasks. Linear
sprinting [45,46] and change-of-direction [47,48] technique will greatly influence running speed and
the ability to maneuver around corners and obstacles. Any form of climbing requires appropriate
technique [44]. Although technique was not measured in this study, and is not generally considered
by LEA training staff as long as recruits complete each test in the required time [19], it would likely
impact on any correlational or predictive analyses. Perhaps more notably as it pertains to fitness
testing, maximal strength could also influence performance in sprinting and single-effort climbing
tasks [49]. Maximal lower-body strength was not measured in the PT500; this is potentially even more
impactful when considering the possible correlates for the BD.

The BD did not have any significant relationships with the PT500 fitness tests, nor was predicted
by any of them. The BD in the WSTB simulates a victim drag or civilian rescue type scenario, which
is often assessed in LEOs [7,8]. It could be expected that lower-body strength should contribute to
this task, given the need for the recruit to pick up the dummy from the ground and extend the legs
to move to a standing position [19]. Dawes et al. [6] suggest that dynamic strength may be a better
predictor for physical ability tests in LEOs, especially when compared to other strength measures
(e.g., isometric strength). It is important to note that high-intensity or high-load strength training may
not always be a focus of academy training [11,12]. As such, if recruits do not develop their strength
and ability to generate high levels of muscular force, this could impact the performance of a task such
as the BD. This supposition is supported by the introduction of a 220 pound (99.79 kg) hexagonal bar
deadlift by the US Army as a strength metric to assess incoming recruits, with the assessment based on
the strength needed for a casualty evacuation [50]. This type of strength test could be explored in law
enforcement recruits as well. Strength measured in this manner could relate to the performance of
the BD, which is especially important due to the relatively heavier body mass, compared to previous
years, that currently exists in the general population for males and females [51].

There are certain study limitations to this study that should be noted. This study incorporated
a pre-existing fitness testing battery specific to one agency. Different LEA staff may use different
fitness assessments (e.g., the multistage fitness test instead of the 2.4 km run) [6,15,42,52], which
could influence the relationships demonstrated with job-specific tests. No high-intensity (maximal or
near-maximal force output) strength tests were included in the PT500. The strength of law enforcement
recruits, and how this may impact job-specific task performance, requires further investigation. Further
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to this, the WSTB is only mandatory in the state of California in the USA. Other states and countries
may use different job-specific testing protocols, and these should be analyzed specifically for each
agency, state, or country. Nonetheless, within the context of these limitations, this is the first known
study to analyze general fitness tests with job-specific task performance as measured by the WSTB in
law enforcement recruits.

5. Conclusions

In conclusion, select relationships between physical fitness, as measured by the PT500,
and job-specific performance as measured by the WSTB were identified. Muscular endurance,
and anaerobic and aerobic capacity could influence running tasks such as the 990C and 500R.
Upper-body strength, especially pulling strength, in addition to abdominal strength, may influence
climbing tasks (SW and CLF). Development of these qualities may not just influence the WSTB,
but job-specific task performance as well. Accordingly, training staff from a LEA should ensure their
recruits have the requisite muscular endurance, anaerobic capacity, and aerobic capacity to successfully
complete the WSTB. Development of these qualities could then also crossover into occupational law
enforcement tasks. However, the BD was not related to or predicted by any test in the PT500. This may
be because maximal lower-body strength is more important to a task that simulates dragging a person.
The influence of maximal strength on job-specific task performance requires further exploration in law
enforcement recruits, and should be a focus of future research.

Author Contributions: Conceptualization, R.G.L. and J.M.D.; Methodology, R.G.L., ].].D., JM.D., and RM.O.;
Investigation, R.G.L., J.J.D.,, K.B.,, CEG.,, MM.B.,, JM.D., and RM.O,; Data Curation, RG.L., CE.G,,
and M.M.B.; Writing-Original Draft Preparation, R.G.L., J.J.D., K.B.,, CE.G.,, MM.B,, JM.D., and RM.O;
Writing-Review & Editing, RG.L.,]J.D., K.B,, CE.G.,, M.M.B,, ] M.D., and RM.O.

Funding: This research received no external funding.

Acknowledgments: The authors would like to thank the training instructors for facilitating this research, and the
California State University, Fullerton tactical research team for collating the data.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Dawes, ].J.; Orr, R M.; Siekaniec, C.L.; Vanderwoude, A.A.; Pope, R. Associations between anthropometric
characteristics and physical performance in male law enforcement officers: A retrospective cohort study.
Ann. Occup. Environ. Med. 2016, 28. [CrossRef] [PubMed]

2. Lockie, R.G.; Dawes, ].J.; Kornhauser, C.L.; Holmes, R.; Orr, RM. Young officers drive faster, but older
officers crash less: Results of a police pursuit driving course. Police Sci. Aust. N. Z. ]. Evid. Based Polic. 2018,
3,37-41.

3.  Kayihan, G; Ersoz, G.; Ozkan, A.; Koz, M. Relationship between efficiency of pistol shooting and selected
physical-physiological parameters of police. Polic. Int. ]. Police Strat. Manag. 2013, 36, 819-832. [CrossRef]

4. Orr, R,; Pope, R;; Stierli, M.; Hinton, B. Grip strength and its relationship to police recruit task performance
and injury risk: A retrospective cohort study. Int. J. Environ. Res. Public Health 2017, 14, 941. [CrossRef]
[PubMed]

5. Dawes, ].].; Kornhauser, C.L.; Crespo, D.; Elder, C.L.; Lindsay, K.G.; Holmes, R.J. Does body mass index
influence the physiological and perceptual demands associated with defensive tactics training in state patrol
officers? Int. J. Exerc. Sci. 2018, 11, 319-330. [PubMed]

6. Dawes, J.J.; Lindsay, K.; Bero, J.; Elder, C.; Kornhauser, C.; Holmes, R. Physical fitness characteristics of
high vs. low performers on an occupationally specific physical agility test for patrol officers. J. Strength Cond.
Res. 2017, 31, 2808-2815. [CrossRef] [PubMed]

7. Schram, B.; Hinton, B.; Orr, R.; Pope, R.; Norris, G. The perceived effects and comfort of various body
armour systems on police officers while performing occupational tasks. Ann. Occup. Environ. Med. 2018, 30.
[CrossRef] [PubMed]


http://dx.doi.org/10.1186/s40557-016-0112-5
http://www.ncbi.nlm.nih.gov/pubmed/27293769
http://dx.doi.org/10.1108/PIJPSM-03-2013-0034
http://dx.doi.org/10.3390/ijerph14080941
http://www.ncbi.nlm.nih.gov/pubmed/28825688
http://www.ncbi.nlm.nih.gov/pubmed/29795744
http://dx.doi.org/10.1519/JSC.0000000000002082
http://www.ncbi.nlm.nih.gov/pubmed/28658087
http://dx.doi.org/10.1186/s40557-018-0228-x
http://www.ncbi.nlm.nih.gov/pubmed/29507731

Int. ]. Environ. Res. Public Health 2018, 15, 2477 10 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Schram, B.; Orr, R; Pope, R.; Hinton, B.; Norris, G. Comparing the effects of different body armor systems
on the occupational performance of police officers. Int. |. Environ. Res. Public Health 2018, 15, 893. [CrossRef]
[PubMed]

Cocke, C.; Dawes, J.; Orr, R.M. The use of 2 conditioning programs and the fitness characteristics of police
academy cadets. J. Athl. Train. 2016, 51, 887-896. [CrossRef] [PubMed]

Orr, RM.; Ford, K.; Stierli, M. Implementation of an ability-based training program in police force recruits.
J. Strength Cond. Res. 2016, 30, 2781-2787. [CrossRef] [PubMed]

Cesario, K.A.; Moreno, M.R,; Bloodgood, A.M.; Dulla, ] M.; Lockie, R.G. Heart rate responses of a custody
assistant class to a formation run during academy training. In Proceedings of the Southwest American
College of Sports Medicine’s 37th Annual Meeting, Long Beach, CA, USA, 20-21 October 2017.

Moreno, M.R,; Cesario, K.A.; Bloodgood, A.M.; Dulla, ].M.; Lockie, R.G. Heart rate response of a custody
assistant class to circuit training during the academy period. In Proceedings of the Southwest American
College of Sports Medicine’s 37th Annual Meeting, Long Beach, CA, USA, 20-21 October 2017.

Lockie, R.G.; Dawes, ].].; Kornhauser, C.L.; Holmes, R.J. A cross-sectional and retrospective cohort analysis of
the effects of age on flexibility, strength endurance, lower-body power, and aerobic fitness in law enforcement
officers. J. Strength Cond. Res. 2018. [CrossRef] [PubMed]

Orr, R.; Dawes, ].J.; Pope, R.; Terry, J. Assessing differences in anthropometric and fitness characteristics
between police academy cadets and incumbent officers. J. Strength Cond. Res. 2018. [CrossRef] [PubMed]
Dawes, ].J.; Orr, RM.; Flores, R.R.; Lockie, R.G.; Kornhauser, C.; Holmes, R. A physical fitness profile of state
highway patrol officers by gender and age. Ann. Occup. Environ. Med. 2017, 29. [CrossRef] [PubMed]
Lockie, R.G.; Orr, RM,; Stierli, M.; Cesario, K.A.; Moreno, M.R.; Bloodgood, A.M.; Dulla, ] M.; Dawes, J.J.
The physical characteristics by sex and age for custody assistants from a law enforcement agency. J. Strength
Cond. Res. 2018. [CrossRef] [PubMed]

Lockie, R.G.; Dulla, ].M.; Stierli, M.; Cesario, K.A.; Moreno, M.R.; Bloodgood, A.M.; Orr, RM.; Dawes, ].J.
Associations between body mass and physical fitness assessments in male custody assistants from a law
enforcement agency. J. Aust. Strength Cond. 2018, 26, 43-49.

Lockie, R.G.; Stierli, M.; Dawes, ].J.; Cesario, K.A.; Moreno, M.R.; Bloodgood, A.M.; Orr, RM.; Dulla, ] M.
Are there similarities in physical fitness characteristics of successful candidates attending law enforcement
training regardless of training cohort? J. Trainol. 2018, 7, 5-9. [CrossRef]

Peace Officer Standards and Training. Work Sample Test Battery Proctor Manual. 2012. Available online:
https:/ /post.ca.gov/post_docs/regulationnotices /2012-05/ WrkSmplTestBattryProctrMan.pdf (accessed on
15 August 2018).

McKardle, W.D.; Katch, FI.; Katch, V.L. Exercise Physiology: Nutrition, Energy, and Human Performance;
Wolters Kluwer Health: Baltimore, MD, USA, 2015.

Silk, A.; Savage, R.; Larsen, B.; Aisbett, B. Identifying and characterising the physical demands for an
Australian specialist policing unit. Appl. Ergon. 2018, 68, 197-203. [CrossRef] [PubMed]

Beck, A.Q.; Clasey, J.L.; Yates, ].W.; Koebke, N.C.; Palmer, T.G.; Abel, M.G. Relationship of physical fitness
measures vs. occupational physical ability in campus law enforcement officers. J. Strength Cond. Res. 2015,
29, 2340-2350. [CrossRef] [PubMed]

Rhea, M.R.; Alvar, B.A. Aerobic Endurance Exercise Techniques and Programming. In NSCA’s
Essentials of Tactical Strength and Conditioning; Alvar, B.A., Sell, K., Deuster, P.A., Eds.; Human Kinetics:
Champaign, IL, USA, 2017; pp. 393-416.

Reuter, B.J.; Dawes, ].J. Program Design and Technique for Aerobic Endurance Training. In Essentials of
Strength Training and Conditioning; Haff, G.G., Triplett, N.T., Eds.; Human Kinetics: Champaign, IL, USA,
2016; pp. 559-582.

Dawes, J.J.; Orr, RM.; Elder, C.L.; Rockwell, C. Association between body fatness and measures of muscular
endurance among part-time SWAT officers. J. Aust. Strength Cond. 2014, 22, 33-37.

Cesario, K.A.; Dulla, ].M.; Moreno, M.R.; Bloodgood, A.M.; Dawes, ] J.; Lockie, R.G. Relationships between
assessments in a physical ability test for law enforcement: Is there redundancy in certain assessments? Int. J.
Exerc. Sci. 2018, 11, 1063-1073.

Crawley, A.A.; Sherman, R.A.; Crawley, W.R.; Cosio-Lima, L.M. Physical fitness of police academy cadets:
Baseline characteristics and changes during a 16-week academy. J. Strength Cond. Res. 2016, 30, 1416-1424.
[CrossRef] [PubMed]


http://dx.doi.org/10.3390/ijerph15050893
http://www.ncbi.nlm.nih.gov/pubmed/29723995
http://dx.doi.org/10.4085/1062-6050-51.8.06
http://www.ncbi.nlm.nih.gov/pubmed/27863188
http://dx.doi.org/10.1519/JSC.0000000000000898
http://www.ncbi.nlm.nih.gov/pubmed/27658234
http://dx.doi.org/10.1519/JSC.0000000000001937
http://www.ncbi.nlm.nih.gov/pubmed/28445229
http://dx.doi.org/10.1519/JSC.0000000000002328
http://www.ncbi.nlm.nih.gov/pubmed/29120983
http://dx.doi.org/10.1186/s40557-017-0173-0
http://www.ncbi.nlm.nih.gov/pubmed/28588897
http://dx.doi.org/10.1519/JSC.0000000000002452
http://www.ncbi.nlm.nih.gov/pubmed/29351159
http://dx.doi.org/10.17338/trainology.7.1_5
https://post.ca.gov/post_docs/regulationnotices/2012-05/WrkSmplTestBattryProctrMan.pdf
http://dx.doi.org/10.1016/j.apergo.2017.11.012
http://www.ncbi.nlm.nih.gov/pubmed/29409635
http://dx.doi.org/10.1519/JSC.0000000000000863
http://www.ncbi.nlm.nih.gov/pubmed/26203741
http://dx.doi.org/10.1519/JSC.0000000000001229
http://www.ncbi.nlm.nih.gov/pubmed/26466133

Int. ]. Environ. Res. Public Health 2018, 15, 2477 11 of 12

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Dawes, ].J.; Orr, RM,; Brandt, B.L.; Conroy, R.L.; Pope, R. The effect of age on push-up performance amongst
male law enforcement officers. J. Aust. Strength Cond. 2016, 24, 23-27.

Wilkinson, D.M.; Blacker, S.D.; Richmond, V.L.; Rayson, M.P; Bilzon, J.L.]. Relationship between the 2.4-km
run and multistage shuttle run test performance in military personnel. Mil. Med. 2014, 179, 203-207.
[CrossRef] [PubMed]

Shusko, M.; Benedetti, L.; Korre, M.; Eshleman, E.J.; Farioli, A.; Christophi, C.A.; Kales, S.N. Recruit fitness
as a predictor of police academy graduation. Occup. Med. 2017, 67, 555-561. [CrossRef] [PubMed]

Trank, T.V,; Ryman, D.H.; Minagawa, R.Y.; Trone, D.W.,; Shaffer, R.A. Running mileage, movement mileage,
and fitness in male U.S. Navy recruits. Med. Sci. Sports Exerc. 2001, 33, 1033-1038. [CrossRef] [PubMed]
Gibson, N.; Williams, M.; Maitland, C.; McCunn, R. A framework for progressing and regressing core
training within athletic and general populations. Strength Cond. J. 2017, 39, 45-50. [CrossRef]

Mendrin, N.; Lynn, SK.; Griffith-Merritt, HK.; Noffal, G.J. Progressions of isometric core training.
Strength Cond. J. 2016, 38, 50-65. [CrossRef]

Halet, K.A.; Mayhew, ].L.; Murphy, C.; Fanthorpe, J. Relationship of 1 repetition maximum lat-pull to pull-up
and lat-pull repetitions in elite collegiate women swimmers. |. Strength Cond. Res. 2009, 23, 1496-1502.
[CrossRef] [PubMed]

Johnson, D.; Lynch, J.; Nash, K.; Cygan, J.; Mayhew, J.L. Relationship of lat-pull repetitions and pull-ups
to maximal lat-pull and pull-up strength in men and women. |. Strength Cond. Res. 2009, 23, 1022-1028.
[CrossRef] [PubMed]

Lockie, R.G.; Stage, A.A.; Stokes, ].J.; Orjalo, A.].; Davis, D.L.; Giuliano, D.V.; Moreno, M.R.; Risso, EG.;
Lazar, A.; Birmingham-Babauta, S.A.; et al. Relationships and predictive capabilities of jump assessments to
soccer-specific field test performance in Division I collegiate players. Sports 2016, 4, 56. [CrossRef] [PubMed]
Lockie, R.G.; Moreno, M.R,; Orjalo, A.].; Stage, A.A.; Liu, TM.; Birmingham-Babauta, S.A.; Hurley, ].M.;
Torne, L.A.; Beiley, M.D.; Risso, E.G.; et al. Repeated-sprint ability in Division I collegiate male soccer players:
Positional differences and relationships with performance tests. J. Strength Cond. Res. 2018. [CrossRef]
[PubMed]

Lockie, R.G.; Dawes, ].].; Orr, R M,; Stierli, M.; Dulla, ].M.; Orjalo, A.]. An analysis of the effects of sex and age
on upper- and lower-body power for law enforcement agency recruits prior to academy training. J. Strength
Cond. Res. 2018, 32, 1968-1974. [CrossRef] [PubMed]

Birzer, M.L.; Craig, D.E. Gender differences in police physical ability test performance. Am. ]. Police 1996, 15,
93-108. [CrossRef]

Lockie, R.G.; Ruvalcaba, T.R.; Stierli, M.; Dulla, ].M.; Dawes, J.J.; Orr, RM. Waist circumference and
waist-to-hip ratio in law enforcement agency recruits: Relationship to performance in physical fitness
tests. J. Strength Cond. Res. 2018. [CrossRef] [PubMed]

Hopkins, W.G. A Scale of Magnitude for Effect Statistics. 2002. Available online: www.sportsci.org/resource/
stats/index.html (accessed on 15 August 2018).

Moreno, M.R,; Lockie, R.G.; Kornhauser, C.L.; Holmes, R.J.; Dawes, J.J. A preliminary analysis of the
relationship between the multistage fitness test and 300-m run in law enforcement officers: Implications for
fitness assessment. Int. . Exerc. Sci. 2018, 11, 730-738.

Muehlbauer, T.; Stuerchler, M.; Granacher, U. Effects of climbing on core strength and mobility in adults.
Int. ]. Sports Med. 2012, 33, 445-451. [CrossRef] [PubMed]

Phillips, K.C.; Sassaman, ].M.; Smoliga, ].M. Optimizing rock climbing performance through sport-specific
strength and conditioning. Strength Cond. . 2012, 34, 1-18. [CrossRef]

Lockie, R.G.; Murphy, A.].; Schultz, A.B.; Jeffriess, M.D.; Callaghan, S.J. Influence of sprint acceleration stance
kinetics on velocity and step kinematics in field sport athletes. . Strength Cond. Res. 2013, 27, 2494-2503.
[CrossRef] [PubMed]

Morin, J.B.; Edouard, P.; Samozino, P. Technical ability of force application as a determinant factor of sprint
performance. Med. Sci. Sports Exerc. 2011, 43, 1680-1688. [CrossRef] [PubMed]

Spiteri, T.; Newton, R.U.; Binetti, M.; Hart, N.H.; Sheppard, ].M.; Nimphius, S. Mechanical determinants of
faster change of direction and agility performance in female basketball athletes. ]. Strength Cond. Res. 2015,
29, 2205-2214. [CrossRef] [PubMed]

Hewit, ].K.; Cronin, ].B.; Hume, P.A. Kinematic factors affecting fast and slow straight and change-of-direction
acceleration times. J. Strength Cond. Res. 2013, 27, 69-75. [CrossRef] [PubMed]


http://dx.doi.org/10.7205/MILMED-D-13-00291
http://www.ncbi.nlm.nih.gov/pubmed/24491618
http://dx.doi.org/10.1093/occmed/kqx127
http://www.ncbi.nlm.nih.gov/pubmed/29016876
http://dx.doi.org/10.1097/00005768-200106000-00024
http://www.ncbi.nlm.nih.gov/pubmed/11404670
http://dx.doi.org/10.1519/SSC.0000000000000328
http://dx.doi.org/10.1519/SSC.0000000000000233
http://dx.doi.org/10.1519/JSC.0b013e3181b338ec
http://www.ncbi.nlm.nih.gov/pubmed/19620915
http://dx.doi.org/10.1519/JSC.0b013e3181a2d7f5
http://www.ncbi.nlm.nih.gov/pubmed/19387371
http://dx.doi.org/10.3390/sports4040056
http://www.ncbi.nlm.nih.gov/pubmed/29910304
http://dx.doi.org/10.1519/JSC.0000000000001948
http://www.ncbi.nlm.nih.gov/pubmed/29702517
http://dx.doi.org/10.1519/JSC.0000000000002469
http://www.ncbi.nlm.nih.gov/pubmed/29401198
http://dx.doi.org/10.1108/07358549610122494
http://dx.doi.org/10.1519/JSC.0000000000002825
http://www.ncbi.nlm.nih.gov/pubmed/30204656
www.sportsci.org/resource/stats/index.html
www.sportsci.org/resource/stats/index.html
http://dx.doi.org/10.1055/s-0031-1301312
http://www.ncbi.nlm.nih.gov/pubmed/22422306
http://dx.doi.org/10.1519/SSC.0b013e318255f012
http://dx.doi.org/10.1519/JSC.0b013e31827f5103
http://www.ncbi.nlm.nih.gov/pubmed/23222091
http://dx.doi.org/10.1249/MSS.0b013e318216ea37
http://www.ncbi.nlm.nih.gov/pubmed/21364480
http://dx.doi.org/10.1519/JSC.0000000000000876
http://www.ncbi.nlm.nih.gov/pubmed/25734779
http://dx.doi.org/10.1519/JSC.0b013e31824f202d
http://www.ncbi.nlm.nih.gov/pubmed/22362087

Int. ]. Environ. Res. Public Health 2018, 15, 2477 12 of 12

49.

50.

51.

52.

Suchomel, T.J.; Nimphius, S.; Stone, M.H. The importance of muscular strength in athletic performance.
Sports Med. 2016, 46, 1419-1449. [CrossRef] [PubMed]

Military Performance Division. Development of the Occuptational Physical Assessment Test (OPAT) for Combat
Arms Soldiers. 2015. Available online: https://www.defense.gov /Portals/1/Documents/wisr-studies/ Army%
20-%20MEDCOM %20USARIEM %20Task%20Assessment3.pdf (accessed on 15 August 2018).

Fryar, C.D.; Gu, Q.; Ogden, C.L.; Flegal, KM. Anthropometric reference data for children and adults:
United States, 2011-2014. Vital Health Stat. 2016, 3, 1-46.

Brewer, J.; Buckle, P.; Castle, P. The use of work place physiological measurements to establish the minimum
fitness standards required for entry into the United Kingdom Police Service. ]. Athl. Enhanc. 2013, 2.
[CrossRef]

@ © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1007/s40279-016-0486-0
http://www.ncbi.nlm.nih.gov/pubmed/26838985
https://www.defense.gov/Portals/1/Documents/wisr-studies/Army%20-%20MEDCOM%20USARIEM%20Task%20Assessment3.pdf
https://www.defense.gov/Portals/1/Documents/wisr-studies/Army%20-%20MEDCOM%20USARIEM%20Task%20Assessment3.pdf
http://dx.doi.org/10.4172/2324-9080.1000121
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Subjects 
	Procedures 
	PT500 
	Work Sample Test Battery (WSTB) 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

