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ABSTRACT Soldiers undergo regular physical testing to assess their functional capacity. However, current physical
tests, such as push-ups, sit-ups, and pull-ups, do not necessarily assess job-specific physical capability. This article
assesses the utility of generic predictive tests and a task-related predictive test in predicting performance against four job-
critical military manual handling tasks. The box lift and place test was found to be the superior predictor in performance
of four job tasks; a pack lift and place (R2 = 0.76), artillery gunner loading simulation (R2 = 0.36), bombing up an M1
tank simulation, (R2 = 0.47) and a bridge building simulation (R2 = 0.63). Pull-ups and push-ups were poor predictors
of performance in the majority of job tasks. Although the box lift and place had a larger correlation with the artillery
gunner loading task than the generic assessment, it only accounted for 36% of the variance, indicating that a task simu-
lation may be more appropriate to assess soldiers’ capacity to perform this job task. These results support the use of a
box lift and place rather than generic fitness tests for the evaluation of military manual handling tasks.

INTRODUCTION
Soldiers conduct numerous manual handling tasks that require
high levels of muscular strength and endurance to be opera-
tionally effective.1 Personnel who are not physically capable
of performing manual handling tasks are more susceptible of
injury.2,3 There are two major approaches to mitigating the
risk of injury and improving productivity in manual handling
tasks. The first involves re-engineering or manipulating task
demands to match the physical capacity of the worker popula-
tion.2–4 The second involves improving the physical capability
of the worker population to match job demands.2,3 Although
physical and technical training is paramount to a physically
capable work force, the inherent limits in physical capacity
for an individual vary widely. As such, selecting workers
physically capable of meeting the requirements of the job is
central to matching the physical capacity of the worker popu-
lation with the demands of the job. Although every attempt
should be made to reduce task demand, in a military setting,
operational requirements may prevent the re-engineering or
manipulating the task demands.5 There are a number of criti-
cal tasks within the Australian Army that cannot easily be
altered, without compromising operational capabilities, these
include building a man-made bridge, repeatedly loading ammu-
nition, or lifting and carrying stores essential for personal sur-
vival (e.g., personal packs and water jerry cans).

The three common fitness assessment methods used in
strenuous occupations are generic predictive tests, task simu-
lations, and job-related predictive tests.6,7 Generic predictive
tests assess general physical capacities without necessarily
assessing job-related characteristics. Examples include push-
ups, pull-ups, isometric strength tests using dynamometers,
and dynamic tests.8 Task simulations aim to directly replicate

a job task and are considered the best method of assessing
job performance9; however, it can be administratively imprac-
tical when large numbers of personnel need to be tested or
when performance in multiple job tasks must be assessed.
Lastly, task-related predictive tests are a combination of
the two aforementioned test types. They are representative
of one or more common job tasks, assess job-critical physi-
cal constructs, but maintain ease of administration.6

Generic fitness tests, or variations of them, are widely used
in military settings across the world. The current method of
assessing a soldiers’ physical fitness in the Australian Army
is through the Basic Fitness Assessment. Standards are
derived from normative data and are adjusted for both age
and sex. The Basic Fitness Assessment consists of a push-ups
test, sit-ups to a cadence, and a 2.4-km timed run. A push-up,
sit-up, and run test is used by the U.S. Army,10 UK Army,11

and New Zealand Army12 to assess soldier fitness. A pull-up
test is performed by the U.S. Marines,13 French Foreign
Legion,14 and those entering the Australian Army basic
parachute course.15

The Australian Army are introducing physical employment
standard assessments where the task-related predictive assess-
ment “box lift and place” is to be used to evaluate manual
handling capacity in soldiers. Lifting performance in box lift
and place to common military platform heights between
1.3 m and 1.7 m have been shown to be able to accurately
predict box lift and place performance to another height
within that same lifting range.16 As this lifting assessment
is sensitive to measure the same lift within its lifting range, it
has potential to be used as a predictive assessment to perform
in a variety of other military manual handling tasks.

Although generic predictive tests may be useful measures
of general physical fitness and health status, it is unclear how
effectively they evaluate performance in common manual han-
dling based military tasks in the Australian Army. The aim
of this investigation was to compare the ability of widely-used
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generic fitness tests and a task-related predictive test to pre-
dict job performance in four critical manual handling lifting
tasks identified from four different employment categories.
With the overall purpose of identifying manual handling
assessments that best reflect job demands. We hypothesize
that the task-related predictive test “box lift and place” will
better predict performance in four critical military manual
handling tasks than the currently used generic predictive
tests of push-ups and pull-ups. These studies will help to
determine the relevance of currently used generic fitness
tests and the potential of a simple task-related test “box
lift and place” to replace these tests as measures of job
task performance.

METHODS

Participants
63 healthy male full-time soldiers (mean ± SD, age 24.6 ±
6.2 years, stature 1.78 ± 0.08 m, body mass 80.6 ± 11.1 kg)
were recruited from the Australian Army. Informed written
consent was obtained from all participants before the com-
mencement of the experimental protocol. Ethics approval for
the study was obtained from the Australian Defence Human
Research Ethics Committee.

Experimental Design
All participants performed two generic fitness tests (2-minute
push-ups and pull-ups) and one task-related predictive test
(box lift and place) maximally. Based on availability of
equipment and technically proficient participants, a subset
of participants maximally took part in one or more of the
four simulated army job tasks: (1) a pack lift and place
(n = 35); (2) artillery gunner loading (n = 16); (3) bombing
up an M1 tank (n = 18) and; (4) bridge building (n = 25).
A power analysis calculation, based on a one-tailed alpha
value of 0.05, assumed correlation in the population of 0.6
and a goal power of 0.8 yielded a recommended sample
size of 15.

Procedures
Participants were requested to abstain from strenuous physi-
cal activity and alcohol consumption for at least 24 hours
before participation in testing. Before testing, all participants
performed a generalized whole-body warm up followed by a
test-specific warm up, which involved completing the actual
assessment but at a lighter mass, which also served as a
familiarisation. Participants were provided with instructions
regarding correct technique and protocol. For task simula-
tions, participants wore standard issue disruptive pattern
combat uniform including boots and body armour (10.9 kg)
for all tests. In addition, participants wore hip webbing
(8.0 kg), and a replica F88 Austeyr weapon (4.6 kg) slung;
a total external mass of 23.5 kg which has been quantified
as the minimum external load worn by Australian Army per-
sonnel when conducting common soldiering tasks. However,

during the artillery gunner loading task, only body armour
was worn, reflecting the operational scenario in which this
task is performed. During the push-ups and pull-ups partici-
pants wore shorts, t-shirt, and sports shoes with no external
load. All job tasks were performed as simulations in barracks
as it was impractical to use real ammunition and equipment
in some situations. Experienced senior soldiers and officers
verified the conduct of these tasks as valid representations of
how these tasks would be performed in the field.

Box Lift and Place

This task-related assessment required participants to start
by squatting down and lifting a box (Trimcast Rotomoulders
Pty. Ltd, 0.35 × 0.35 × 0.35 m, metal handles at 0.20 m
from base) with an underhand grip to knuckle height, fol-
lowed by a pause, then taking one step forward, another
pause, and then lifting the box onto a 1.50 m platform.
A correct lift required at least half of the box to be placed
onto the platform without sliding or pushing the mass onto
the platform tray and without excessive lumbar spine hyper-
extension, to limit injury risk and assess that the participants
had the required strength to maintain this technique. The
box mass started at 15 kg, which increased by 5 kg with
each successful lift. When a participant failed a lift they were
given another attempt and if they failed again, the mass was
lowered by 2.5 kg. The last successful attempt was recorded
as their performance score. At least 3 minutes of rest was
given between each lifting attempt.

Push-Ups

This generic assessment required participants to maintain a
rigid body position from ankles to shoulders, with hands
placed approximately shoulder-width apart and feet up to
0.3 m apart. The top of the push-ups corresponded with com-
plete extension of the arms while the bottom corresponded to
the upper arms being parallel to the ground. Participants com-
pleted as many push-ups as possible in 2 minutes at their
own pace, with rest allowed in the full arm lock position. This
procedure is consistent with current testing and assessment
practices used in the Australian Army. Experienced personal
training instructors conducted this assessment and participants
were encouraged to perform maximally. The number of com-
plete push-ups was used as the performance measure.

Pull-Ups

This generic assessment required participants to grasp a
wooden beam with hands placed approximately shoulder-
width apart and a self-selected overhand or underhand grip.
Starting from a full hang position, with feet off the ground
and arms at full extension, participants were required to pull
themselves up and raise their chin above the beam before
returning to the full hang position. Participants were not
allowed to kick their legs or swing for momentum and
knees were not allowed to rise to hip level. Participants com-
pleted as many pull-ups as possible at their own pace. Rest
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between repetitions was allowed in the full hang position.
Experienced personal training instructors conducted this assess-
ment and participants were encouraged to perform maximally.
The number of successful completions was used as the per-
formance measure in this task.

Pack Lift and Place

This job task replicated a soldier lifting a field pack and
placing it on to a common Australian military vehicle (height
1.50 m). An army pack (Large Field Pack 1994, 0.80 ×
0.65 × 0.30 m) was laid perpendicular to the participant
and was lifted in the same manner as the box lift and place,
except the participants grasped the pack at the top and bottom
ends. The pack was filled with foam to provide structure.
The pack mass started at 15 kg, which increased in the
same method as the box lift and place, with metal plates
added centrally to the pack to increase the mass as required.
The heaviest mass that was successfully lifted was used as
the performance measure.

Artillery Gunner Loading Simulation

This job task simulated a soldier participating in a firing mis-
sion of a 155-mm artillery gun (M777A2 Howitzer, BAE
Systems, Hattiesburg, Mississippi). This task includes carrying
a 43-kg ammunition shell 10 m, placing the shell onto the
loading tray (1.04 m high) and using a ramming stave to ram
the shell into the firing position using a striking action. This
task sequence can be repeated for up to 10 minutes with
tempo dependent on operational requirements. To simulate this
task, a 43-kg evenly loaded polyvinyl chloride pipe (0.80 m
length, 0.10 m diameter) was used to replicate the shell. Par-
ticipants started by picking up the piping, which stood on its
end, from the ground and carrying it at best pace for a dis-
tance of 10 m before placing the piping onto a cradle of
height 1.10 m. To replicate ramming the shell into the firing
position, participants turned around, moved 5 m, and picked
up a 5-kg medicine ball from a 0.75-m high platform, before
taking 3 quick steps and throwing the ball with both hands
across the body into a wall 4 m away. This entire sequence
was repeated as many times as possible in a 10-minute period
with participants performing the sequence at their own pace.
To ensure participants were able to pace themselves appropri-
ately during the trial, all participants performed a maximal
effort familiarisation trial at least 24 hours before a second
measureable performance trial. The maximum amount of rep-
etitions completed in 10 minutes was used as the performance
measure in this task.

Bombing Up an M1 Tank Simulation

This job task simulated a soldier stocking (or “bombing up”)
an M1 Abrams Main Battle Tank. This task includes repeat-
edly carrying a 23-kg ammunition shell 10 m from a storage
rack to the tank and passing the ammunition to a soldier
standing on top of the tank (1.70 m high). In total, 36 repeti-
tions are performed, which represents half of the tank stock,

typically taking 10 to 15 minutes. Operationally, soldiers
would swap roles with a different soldier to complete the
stocking of the tank. The simulation of this task used an
evenly loaded polyvinyl chloride pipe (0.80 m length, 0.10 m
diameter) to replicate the shell. Participants started by pick-
ing up the piping, which lay on its side in a cradle of
height 0.50 m, walking 10 m, and placing the piping paral-
lel to the body onto a cradle of height 1.70 m. Participants
then walked unloaded around a cone 4 m away (to simulate
returning to the storage rack) and repeated the sequence.
The piping mass started at 10 kg and increased by 2.5 kg
every 10 repetitions until participants reached volitional
exhaustion, to identify the maximal mass they could repeti-
tively lift and carry. To ensure a consistent pace of 1 m·s−1,
this simulation was completed to a cadence, with a beep
to indicate when to pick up the shell and a beep to indi-
cate when to lift and place the shell into the cradle. The
heaviest mass reached was used as the performance mea-
sure in this task.

Bridge Building Simulation

This job task simulated a soldier constructing a Medium
Girder Bridge. The task includes carrying a 183-kg top panel
in a team of 4, a distance of 10 m, with a carry bar and rais-
ing it above the head to connect it to the partially constructed
bridge. This top panel lift carry and lift task is repeated every
5 minutes, with prolonged rest breaks, for up to 3 hours until
the bridge is fully built. For testing purposes the simulation
was conducted individually using the same technique as in
a team of four. The simulation of this task used an Olympic
barbell (18.3 kg, HART Sport, Brisbane, Australia). Partici-
pants started by individually grasping the bar with an over-
hand grip and lifting it from the floor to knuckle height,
walking 10 m forwards, steadying, then performing a hang
clean movement to manoeuvre the bar to shoulder height.
Participants then steadied themselves before performing a
push press above the head to a point of full arm lock out. The
barbell mass started at 24 kg which increases in the same
method as the box lift and place, with the heaviest mass
reached used as the performance measure in this task.

Statistical Analyses
All statistical procedures were conducted using SPSS (Released
2012. IBM SPSS Statistics for Windows, Version 21.0,
Armonk, New York). All data are presented as mean ± SD
unless otherwise stated. A one-way analysis of variance was
performed to compare participant characteristics (stature,
body mass) and performance in the three assessments (box
lift and place, push-ups and pull-ups) to determine if there
were any differences between the four subset-groups. Linear
regression was used to investigate the relationship between
maximal performance in each of the three tests and the four
simulated army tasks. Assumptions were assessed and met
that the regressions were linear, no significant outliers, data
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showed homoscedasticity, residuals were normally distributed
and all other assumptions were met. A p-value of less than
0.05 was considered significant.

RESULTS
Mean ± SD task performance were 41.8 ± 9.4 kg for the
box lift and place, 36.3 ± 5.1 repetitions for the artillery
loading simulation, 25.9 ± 4.9 kg for the Bombing up an
M1 tank simulation, and 52.8 ± 9.5 kg for the bridge build-
ing simulation.

There was no difference in push-ups, pull ups, stature,
and body mass between the pack, artillery, tank, and bridge
groups (Table I). Similarly there was no difference in box
lift and place between the four groups, apart from the artil-
lery group that exhibited a significantly greater box lift and
place capacity than the pack, tank, and bridge groups. Con-
sequently the four groups mostly exhibited similar physical
capacities for the two generic and task-related assessments.

Push-ups and pull-ups had no significant relationship to
three of the task simulations (R2 = 0.00–0.13, p > 0.05)
(Table II), and were only significantly correlated with the
bridge building task simulation (R2 = 0.42 and 0.63, respec-
tively, p < 0.05). The box lift and place was found to be
significantly related to each of the four task simulations
(R2 = 0.36–0.76, p < 0.05) (Fig. 1).

DISCUSSION
This study determined that a task-related predictive test,
the box lift, and place, had a stronger relationship with mili-
tary manual handling tasks than the generic push-ups and
pull-ups fitness tests, in all tasks except bridge building,
where pull-ups were comparable to the box lift and place.
These findings demonstrate that a box lift and place test
can suitably predict the Australian soldiers capacity to
undertake the manual handling tasks investigated in this

study. Additionally, these findings highlight that push-ups
and pull-ups are poor predictors of a soldier’s capacity to
perform three of the four manual handling tasks.

Generic predictive tests are commonly used to assess job
performance8,10,17–19 as they are easy to assess, quick to
administer, inexpensive, and simple to conduct in large num-
bers. However, these tests (e.g., push-ups, pull-ups, sit-ups)
have low content validity as they do not adequately repre-
sent the physical elements of the job, are susceptible to body
mass bias, and have previously been shown to be weak to
moderate predictors of performance in occupationally rele-
vant physically demanding tasks.10,13,17,20,21

The bridge building simulation was the only job task that
correlated strongly with the generic predictive tests assessed
in this study with pull-ups and push-ups. It is suspected that
elements of the bridge building task, such as the hang clean
or the push press above head, exhibited similar movement
patterns to weight lifting movements. As such, it is possible
that those who practice these movements are also more
likely to practice push-ups and pull-ups. Additionally these
movements in the bridge building simulation are the most
similar to push-ups and pull-ups compared to the other mili-
tary manual handling tasks. Both push-ups and the push press
involve pushing actions where the main agonist muscles are
likely to be the pectoralis major, anterior deltoid, and triceps
brachii.22 There is also a link between pull-ups and hang
clean in that they both require pulling, where in the hang
clean the action is to pull the bar up to the shoulder and in
the pull-up the action is to pull the person up to a bar.22,23

No significant relationships were observed between any
of the other three military manual handling task simulations
and the two generic fitness tests, push-ups and pull-ups. This
is not surprising, given the pack lift and place, bombing up
an M1 tank and artillery gunner loading task simulations do
not require repetitive pushing or pulling actions. Although

TABLE I. Comparison of Box Lift and Place, Push-Ups and Pull-Ups for the Pack, Artillery, Tank, and Bridge Groups

Box Lift and Place
(kg)

Push-Ups
(Repetitions)

Pull-Ups
(Repetitions)

Pack Lift and Place 42.7 ± 7.9 48.6 ± 12.8 6.4 ± 4.4
Artillery Gunner Loading Simulation 52.5 ± 10.0* 49.9 ± 11.4 5.1 ± 3.6
Bombing up an M1 Tank Simulation 43.1 ± 8.4 43.1 ± 9.2 (15) 5.9 ± 3.7
Bridge Building Simulation 43.5 ± 8.3 47.6 ± 9.9 (26) 6.1 ± 4.2

Data are means ± SD; *different to other groups p < 0.05.

TABLE II. Correlations (R2 Values) Between Performance in the Army Task Simulations and Performance in the Box Lift and Place,
Push-Ups, and Pull-Ups Tests

Box Lift and Place Push-Ups Pull-Ups

Pack Lift and Place 0.76* 0.04 0.10
Artillery Gunner Loading Simulation 0.36* 0.03 0.00
Bombing up an M1 Tank Simulation 0.47* 0.01 0.13
Bridge Building Simulation 0.63* 0.42* 0.63*

*Denotes a statistical significance correlation p < 0.05.
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push-ups have traditionally been one of the most widely used
generic tests in military and police organisations,24 this
study highlighted the poor predictive ability of push-ups in
assessing muscular strength requirements for military manual
handling tasks related to the Australian Army. This supports
previous research that has shown push-ups to be poor predic-
tors of performance of military tasks; lifting, stretcher carry-
ing, equipment carrying, load carriage, casualty dragging, and
rescue swimming.10,18,19,25

Contrary to the inability of generic predictive tests to
assess most military task performance, the box lift and
place test, was related to all four military manual handling
task simulations. Although the lifts in these tasks are gen-
erally submaximal and repetitive, previous research has shown
the ability of a one-repetition maximal (1RM) lift to predict
performance on repetitive lifting tasks of the same mode.26

However, often these 1RM models are not transferable across
different lift types, whereby a squat model cannot neces-
sarily be applied to the bench press.27

The maximal 1RM assessment of the box lift and place
used in this study was most closely related to the pack lift
and place task as they are almost identical tasks, both mea-
sured as 1RM performance, same muscle groups and move-
ment patterns. However, about a quarter of the performance
on the pack lift and place could not be explained by the box
lift and place, consequently this may be because of the dif-
ferent characteristics of the object being lifted. The bridge
building simulation was the only other army task where the
outcome measure was maximal strength and measured as a
1RM test. However, less of the performance in the bridge
building simulation could be explained by the performance
in the box lift and place with about a third unexplained.
This could be because the bridge building simulation required
an overhead lift to a relative height, where statue will have
no bearing, while the box lift and place requires a lift to
an absolute height which may impact shorter individuals
differently to taller individuals. Additionally the bridge build-
ing simulation involved a carry component and lifts close

FIGURE 1. Relationship between box lift and place test and pack lift (A), artillery gunner loading (B), bomb up an M1 tank (C), and bridge building (D).
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to the body compared to the box lift and place where
the object is lifted out in front of the body and away from
the spine.

One surprising result was the degree to which the box
lift and place assessment, a 1RM lift, explained such a large
amount of variability in the other two vastly different manual
handling tasks. Both these military tasks involve carrying
components and have different lifting actions, lifting heights,
durations, and performance outcome measures.

Half of the performance on the repetitive incremental
bombing up an M1 simulation could be explained by per-
formance in the box lift and place. Both activities use the
same muscle groups and lifting action for the final lift com-
ponent of the task as they were both lifts to the same height
and out in front of the body. If the bombing up an M1 simu-
lation was measured as a 1RM test, it is likely that more of
the variance would be explained by the box lift and place.
However, because of the duration of the task (over 10 minutes),
the task requires a substantial component of muscular endur-
ance for which the 1RM box lift and place assessment cannot
account for.

Similarly the artillery gunner loading simulation which
tests the maximum repetitions that could be completed in
10 minutes requires considerable contribution from the aero-
bic energy system as well as having a high muscular endur-
ance demand and is not limited only by muscular strength.
Only about a third of the performance in the artillery gunner
loading simulation could be explained by performance in
the box lift and place assessment and consequently should
not be considered a sufficient predictive assessment. The
artillery gunner loading simulation was the furthest removed
from the box lift and place assessment compared to the other
tasks for a number of reasons. Firstly, the different perfor-
mance outcome measures where the artillery gunner loading
simulation was measured by how many repetitions could be
completed in 10 minutes compared to the absolute maximal
mass reached in the box lift and place. In addition, the artil-
lery gunner simulation only involved lifting and carrying at
or below waist height where the upper body musculature
that limits maximal box lift and place capacity is not likely
to impact performance on the artillery gunner simulation to
the same degree. Consequently, a direct task simulation would
be recommended to adequately assess a soldier’s capacity to
conduct this job task.

Ideally for all fitness assessments to have the most pre-
dictive power of job performance, task simulations would
be used as the assessment method, as this would ensure the
highest content and construct validity.6,8 Although this test-
ing method is ideal in occupations and organisations where
there are a limited number of job tasks, it is impractical in
settings where there are numerous employment categories
with a wide range of job tasks. The task-related predictive
assessment, the box lift, and place test, used in the present
study is a single, easily administered test that can predict
performance over a variety of military manual handling job

tasks. The implementation of such a test would provide the
ability to assess job-related muscular strength with possible
second order effects of improving operational effectiveness
and reducing occupational injuries. Previous literature has
found that employees who have the physical capabilities to
perform the critical job tasks as assessed by physical screen-
ing have a lower incidence of occupational injury than those
that did not, as they are not over exerting themselves.2,3 Fur-
ther, if personnel are conditioned to meet the demands of
the task-related predictive test then it is likely that the physi-
cal capacity gains would more readily translate to improved
task performance.

In addition to single predictive tests and tasks simula-
tions, multiple regression methods may be able to explain a
greater amount of variability in task performance. However,
practical implementation considerations from the Australian
Army limited the utility of numerous physical assessments
and as such, the focus of this study was to identify a single
assessment to predict performance across a range of military
manual handling tasks. Although we did not undertake reli-
ability testing for each task and assessment, similar military-
relevant tests such as; maximal box lift and place (intraclass
correlation coefficient 0.88) as well as repetitive box lift and
carry (intraclass correlation coefficient 0.78–0.97) have been
shown to reliable.28–30 Only trained and technically proficient
male incumbents were able to be employed in this study
because of restrictions of females within certain roles in the
army at the time of testing. Further evaluation of our methods
with a female population will enhance the understanding of
the role sex plays in military manual handling tasks.

CONCLUSION
The task-related predictive test of a box lift and place was
shown to be related to all four military tasks assessed in this
study. The closer the task and the test are in performance
outcome measures, lifting heights, lifting action, and dura-
tion then the stronger the relationship that was found. The
generic predictive tests of push-ups and pull-ups were found
to be unsuitable measures of assessing physical job capacity
in all military manual handling tasks except for bridge build-
ing simulation. A box lift and place test is an easily adminis-
tered test that takes no more additional testing time compared
to generic predictive tests, but assesses the task-related mus-
cular strength required by soldiers to successfully complete a
number of military manual handling tasks. For tasks where
performance cannot be adequately predicted by generic or
task-related predictive tests, such as the artillery gunner load-
ing, task simulation tests are the most appropriate means of
assessing job performance.
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