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Objectives: The Canadian Army fitness objective is FORCE COMBAT™. This consists of a 5km march
(35kg) between 50-60 min, and the annual FORCE physical employment standard as a circuit without
the usual 5 min rest intervals (FORCE circuit) in full fighting order (25 kg). The objective of this research
was to determine the number of practice attempts required to establish reliability of FORCE COMBAT™.,
Additionally, this study aims to identify the minimal detectable change once reliability is established.
Design: The study used a within participant design.

Methods: 33 Canadian Army members were divided into two groups. Group 1 performed four maximum
effort attempts of FORCE COMBAT™ completely. Group 2 performed only the FORCE circuit component,
not the loaded march. On the fifth trial, the tasks of the groups were switched. Variability within and
between trials of the FORCE circuit of FORCE COMBAT™ were analysed based on six statistical factors of
reliability.

Results: Four statistical factors indicated that one maximal effort practice attempt of FORCE COMBAT™ is
required, as reflected in the variability of performance between trials 1 and 2. The minimum detectable
change, highlighting inherent measurement error of the test was 89.18 s with 95% confidence.
Conclusions: Results suggest that Canadian Army members should complete one FORCE COMBAT™ in
completion at maximal effort, before formal assessment. Further, members performing within 89 s of the
recommended completion time, on FORCE COMBAT™ should be offered a re-attempt (in its entirety).
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1. Introduction

In April 2014, the Fitness for Operational Requirements of CAF
Employment (FORCE) evaluation was implemented to assess for
the minimum physical fitness required for Canadian Armed Forces
(CAF) employment.! The FORCE evaluation, and standard applies
to all members of the CAF, regardless of age, gender, rank, occu-
pation, or trade. The FORCE evaluation consists of four physical
test elements administered with 5 min rest periods in between: (1)
20 m Rushes (20mR); (2) Sandbag Lift (SBL); (3) Intermittent Loaded
Shuttle (ILS); and (4) Sandbag Drag (SBD). The Canadian Army (CA)
expressed concern that the minimum standards required by the
FORCE evaluation may not account for the demands of certain CA
occupations and roles, particularly those operating in urban envi-
ronments.

The directly measured aerobic demands of FORCE at the min-
imum standard are 18-25mL/kg/min of O, for 9 min, exclusive
of the 5min rest intervals between test items.! Physiological
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data collected on CA members during urban military exercises,
specifically rescuing casualties from 3 story buildings, resulted
in oxygen demands measured at 25-32 mL/kg/min of O, for a
5min scenario.Z,3 These durations are reflective of those measured
in the development of a validated dismounted assault task sim-
ulation for the Australian Defence Force.* The FORCE evaluation,
when performed with loads ranging from 15-25kg and as a cir-
cuit without the mandated 5 min rest periods between test items,
was found to elicit metabolic demands similar to those experienced
during combat or working in urban environments.” Following an
extensive process to define and address the needs of the CA, a modi-
fication to the FORCE evaluation, FORCE COMBAT™ was developed
and trialed as a potential fitness objective to guide members in
preparing for the physical demands of urban operations. FORCE
COMBAT™ s not considered a physical employment standard
(PES), as employment is not determined on the basis of success
on FORCE COMBAT™, However to complete Individual Battle Task
Standards (IBTS) in preparation for deployment, a CA member
must successfully complete FORCE COMBAT™. Currently, success
is determined by completing the Load Bearing March (LBM) compo-
nent in between 50-60 min and, following a 5 min rest, completing
FORCE as a circuit in less than 15 min (Fig. 1).
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Fig. 1. FORCE COMBAT™: The march and the FORCE Circuit.

The FORCE COMBAT™ physical fitness battle task standard,
begins with a 5km LBM in Battle Order (BO), consisting of Fight-
ing Order (FO), as defined by the CA Combat Training Centre
Infantry School to include: 25 kg combat fatigues (boots, helmet,
weapon, full tactical vest, fragmentation vest with ballistic plates)
and a 10 kg day bag. The LBM is self-paced but must be completed
between 50-60 min. Following the LBM is a 5 min rest period, in
which the 10kg bag is removed and FO is maintained. The timed
FORCE circuit is then completed in FO without the rest periods.
Success on FORCE COMBAT™ is determined as completion of the
LBM in the prescribed time, and completion of the FORCE circuit in
less than 15 min. FORCE COMBAT™ is age and gender free, and the
details of its application and policies regarding FORCE COMBAT™
directives can be found on www.forcecombat.ca, where published
military guidance from the CA is available.

Typically for physical fitness evaluations, especially those with
as many degrees of freedom as FORCE COMBAT™'’s five compo-
nents, it is important to perform reliability trials.® Reliability refers
to a measure of consistency (reproducibility) within the data. To
ensure minimal measurement error, systematic (learning effects
and fatigue) and random error (mechanical variation of partici-
pants/facilitator) must be taken into consideration.”:3

Previous research on skill based, loaded, circuit-type fitness
tests indicate that maximum performance is achieved by the
fourth trial.®° Additionally, increased task complexity has shown
to increase degrees of freedom and potential for improvement
through learning or strategy development.'? This is further sup-
ported by Pandorf et al.!’, who evaluated the reliability of a six
element, indoor, obstacle course designed to simulate impediments
to movement of a soldier during a conflict. Performance improve-
ments of 4% from trials 1-2 and 3% from trials 2-3 were captured,
along with an intra-class correlation coefficient (ICC) 0of 0.92 on trial
4 and mean coefficient of variation (CV) of 4.1% across all trials!!.
Factors such as strategy development and skill improvement are
known to affect reliability of performing unfamiliar tasks without
actual physiological adaptation.'!

As FORCE COMBAT™ is included in the IBTS for CA, the purpose
of this study was to investigate the number of times CA members
should complete FORCE COMBAT™ to achieve reliable FORCE cir-
cuit performance times. Once reliability is achieved, the remaining
error can be attributed to biological variation and could result in the
implementation of an inclusion zone around the cut-score.8 1012

It is hypothesized that:

H1. Reliability of the FORCE circuit performance can be estab-
lished as a measure of proficiency of participants to achieve
consistent performances, such that proficiency is achieved under
the following conditions within the six statistical factors: (1) the
change in the mean must not be significantly different between
subsequent trials'?; (2) the 95% minimum detectable change must
be larger than the change in the mean'?; (3) the typical error must
be less than the smallest worthwhile change'4; (4) the coefficient

of variation must be less than 5% and preferably approaching 2.2%
8; (5) the intra-class correlation coefficient must exceed 0.75 '°;
and (6) the effect size should be below 0.20 or considered small.'®

H2. The inclusion of the LBM before the FORCE circuit will result
in slower circuit times, and that when practiced FORCE COMBAT™
should be performed in completion (LBM + FORCE circuit).

2. Methods

Thirty-three military personnel participants were recruited
from the CA. Of those recruited, 24 male CA members completed
a VO,max and all FORCE COMBAT™ trials and therefore were
included in the analysis. Females were included in the original
sample of 33, however no females completed all trials. Demo-
graphics for these participants separated by experimental group
are shown in Table 1. Twelve of these participants were desig-
nated as the “Marchers” who completed the first four repeated trials
of FORCE COMBAT™ in its entirety with the LBM. The remaining
twelve participants were designated as the “Non-Marchers” who
did not complete the LBM before the FORCE circuit. Participants
were assigned to either group to match aerobic power, as deter-
mined with absolute VO, max, and lean body mass. On the fifth
trial, the groups switched tasks such that Marchers only performed
the FORCE circuit and the Non-Marchers performed all of FORCE
COMBAT™, This experimental design was included to assess the
influence of the LBM on FORCE circuit performance after perfor-
mance has stabilised. If the LBM did not influence performance
on the FORCE circuit, the recommendation would be to practice
the FORCE circuit only, given that to include the LBM requires an
additional hour.

All participants were pre-screened using the Canadian Society
for Exercise Physiology’s Physical Activity Readiness Question-
naire (PAR-Q+).!” Ethical approval was obtained from the Defence
Research and Development Canada Human Research Ethics Com-
mittee, and all participants provided informed consent.

Waist Circumference was obtained as the participant stood erect
with feet shoulder width apart and arms crossed over the chest.!8
Height was obtained using a Seca 213 Portable Stadiometer (Seca
Industries, Hanover Maryland). Bioelectric Impedance was used to
obtain Lean Body Mass, Percent Body Fat and mass using the InBody
520 (BioSpace Technologies, Los Angeles, California).

Once participants had completed the intake procedures, they
were provided with an orientation on a treadmill VO, max test and
an explanation of the testing over 6 sessions and spanning 3 weeks.
Participants were instructed to maintain their normal activity level
during the participation period (3 weeks) of the study and to refrain
from strenuous physical activity during the 6 h prior to all test ses-
sions. As these participants were in Garrison, this required them
to forfeit morning physical training sessions. There was a mini-
mum 72 h between testing sessions for rest and recovery, specific
to loaded maximal effort activity.
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Table 1
FORCE COMBAT™ participant demographics by group.
Marchers Non-Marchers Sig. Diff.
N=12 N=12
Mean + SD (Range) Mean + SD (Range)
Age, years 29+5(21-38) 29+7(19-46)
Height, cm 180+6(171-188) 178 £9 (162 -190)
Mass, kg 92412 (77— 114) 83+14(54-101)
Waist Circ., cm 94+8(85-110) 92+11(72-110)
Percent body fat, % 22+5(15-32) 19+8(7-36)
Lean body mass, kg 71+7(63-85) 67+ 9(50-82)
VO, max, mL/kg/min 43.4+4.8(32.6-49.2) 51.0+9.5(36.8 — 71.3) p<0.05

VO, max, L/min 3.934+0.37 (3.45 — 4.41)

4.18+0.72 (3.28 - 5.51)

All participants wore heart rate monitors (Polar RS800CX, Polar
Technologies Inc., Jyvdskyld, Finland) for all testing sessions, to ver-
ify that a best effort performance was being elicited. Maximum
heart rate for each participant was identified during their VO, max
testing.

In Session 1 all participants completed a VO, max test using a
modified Balke graded exercise treadmill procedure.'2° The mod-
ified Balke protocol uses a constant speed and grade increases of
2% every 2 min beginning at the end of minute 2.

Session 2 through session 6: On Day 2 participants were divided
into their two groups, Marchers and Non-Marchers. On day 6, the
group tasks were switched. Time of day was maintained for the par-
ticipants throughout the repeated trials in an attempt to control for
diurnal effects. Testing was completed on the fieldhouse rubberized
200 m indoor track for the LBM and polished hardwood gym floor
for the FORCE circuit. Each test was conducted in the same man-
ner, at maximal effort, after a standardised warm up, and timings
were taken by trained research or fitness personnel employed for
the purposes of fitness testing of the FORCE evaluation, the PES.
Environmental conditions were consistent at approximately 20 °C.
All participants were familiar with the four elements of the circuit
as they are annually required to perform the FORCE evaluation.
There are no circumstances where a CA member would be exposed
to FORCE COMBAT™ before having passed the FORCE evaluation.
None of the participants had been previously exposed to FORCE
COMBAT™ 35 this was its first year of implementation.

Data were analyzed using Microsoft Excel and IBM SPSS.
Changes in the mean performance times between consecutive tri-
als was evaluated using a paired sample t-test. The Minimum
Detectable Change with a 95% confidence interval (MDCgs ) is a com-
ponent in the analysis of determining if changes in performance are
due to true change or random measurement error. It was calculated
as MDCgs =SDy;f x 1.96, where SD ;i is the standard deviation of the
difference between consecutive trials.

Typical Error (TE) or systematic bias is defined as the random
variation in a measure when a participant is tested multiple times
on a given test item. It is a type of standard error of measurement
and can be interpreted as the amount of inherent test error that
could be reasonably expected when a participant completes a “best
effort” trial. Typical Error was calculated as TE= SDy;¢//2, Where
again SDg is the standard deviation of the difference between
consecutive trials.

In contrast to the TE, the Smallest Worthwhile Change (SWC)
in FORCE circuit time performance considers the pooled standard
deviation between consecutive trials multiplied by a weighting fac-
tor of 0.2 (based on Cohen'’s effect size). It has been suggested that
one indication of reliable performance would be if TE is less than
SWC, then change in performance on the test is related to a real
change and not simply error.'4

Coefficient of variation (CV) is expressed as a percent value of
the standard deviation of consecutive trials divided by the mean of
the trials and represents the variability between successive trials.
It was calculated as CV = SD/X x 100.

Table 2
FORCE COMBAT™ circuit performance times for the Marcher and Non-marcher
groups.

FORCE circuit time, mm:ss

Research group Trial Minimum Maximum Mean Standard

deviation
Marchers 1 06:22 14:55 09:07 02:20
2 06:05 13:59 08:17 02:01
3 06:00 13:00 08:01 01:48
4 06:09 13:33 08:00 01:58
Circuit only 06:06 12:07 07:23 01:41
Non-Marchers 1 05:56 10:36 07:48 01:32
2 05:34 09:39 07:30 01:15
3 05:37 09:02 07:15 01:05
4 05:30 09:07 07:10 01:11
LBM and circuit 05:44 10:46 07:32 01:35

The Intra-class Correlation Coefficient (ICC) describes the sim-
ilarity of performances of individual participants within the same
group between two trials and is rated as poor (<0.40), fair
(0.40 — 0.59), good (0.60 — 0.74), and excellent (>0.74).1°

Effect Size (ES) is determined by the Cohen’s d statistic calcu-
lated as d = X1 — X3 /SDpooted, Where X7 and X, are the respective
means for consecutive trials and SDpgeq is the pooled standard
deviation for the two trials. If performance is stable or reliable
between consecutive trials, ES should be less than 0.2 and consid-
ered small.

3. Results

Effort was determined to be maximal, consistent, and accept-
able as demonstrated by the 96-98% maximum heart rate achieved
by participants, on average, in response to each FORCE COMBAT™
trial.

Table 2 contains the results for the FORCE circuit performance
times for the Marcher and the Non-Marcher groups. Not including
the fifth trial in which the groups’ tasks were switched, mean per-
formances for the both groups improved with each of the four trials.
Despite attempts to match the two groups by absolute VO, max
(L/min) and lean body mass (kg), the loss of participants from
both groups resulted in significantly different relative VO, max val-
ues between the Marchers and Non-Marchers. No other significant
differences in demographic data were recorded between the two
groups, however the circuit results are consistently faster for the
Non-Marcher group.

The inter-trial reliability statistics for the Marchers are found in
Table 3. As stated in H1, six factors are being assessed to determine
the required number of practice trials to achieve a consistent or
reliable FORCE circuit performance time.

The significant changes in mean values between trials 1-2 and
2-3 and non-significant changes in trials 3-4 suggests that two
practice trials are required before stable performance is achieved.
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Table 3
Summary of reliability statistics for FORCE COMBAT™ performance times for the
marchers (N=12) and Non-marchers (N =12) over four trials.

Research group  Reliability statistic ~ Trials 1-2  Trials2-3  Trials 3-4

Marchers Change in mean, s -50.0 -16.6' -0.7
MDCgs, s 89.18 42.07 58.74
TE, s 32.17 15.18 21.19
SWC, s 26.18 2291 22.58
Vv, % 6.56 2.69 3.70
ICC 0.95 0.99 0.97
ES 0.38 0.14 0.01

Non-Marchers Change in mean, s -17.3 -12.9 -2.2
MDCos, s 44.85 43.07 49.49
TE, s 16.18 15.54 17.86
SWC, s 15.28 12.65 12.90
v, % 2.68 2.78 3.48
ICC 0.96 0.95 0.94
ES 0.23 0.20 0.03

MDCgs = Minimum detectable change, TE=Typical error, SWC=Smallest worth-

while change,

CV =Coefficient of variation, ICC = Intra-class correlation coefficient, ES = Effect size.
" Significant difference (p<0.05) using paired sample t-test.

MDCgs, which indicates the biological variability with 95% con-
fidence, was found to range between 89.18 and 42.07 s. As MDCgs
values are greater than the associated changes in the means, it does
not delimit the number of practice trials needed before assessing
FORCE COMBAT™., Change between consecutive trials would need
to be greater the MDC to be able to be 95% confident that the change
is real. TE for the FORCE circuit ranges from 32.17 s for trials 1-2 to
15.18 s for trials 2-3. As such, a change in performance of up to 32's
between trials may be attributable to typical or systematic error.
SWCbetween trials were found to range between 22.58 and 26.18 s.
TE (32.17) was found to be greater than SWC (26.18) for trials 1-
2, and less than SWC for trials 2-3 and 3-4. If the SWC change is
greater than TE we can attribute the change to biological variabil-
ity and not systematic error. This supports the need for one practice
trial before a reliable test can be administered.

The decrease in CV values between trials 1-2 (6.56%) and subse-
quent trials (<5%), demonstrate less variability in later trials, further
supporting the role of a single practice trial suggested previously
by the TE to SWC ratio.

The ICC improved from an already strong 0.95 between trials
1-2-0.99 and 0.97 in the subsequent trials, demonstrating within-
group agreement between consecutive trials. This also suggest that
ICC was not a limiting factor in determining the number of required
trials before reliable results are achieved.

Effect Size of FORCE COMBAT™ performance times for the
Marchers decreased from 0.38 for trials 1-2-0.07 for trials 2-3,
which meets the threshold of 0.2. This finding further supports
that only a single practice trial is needed before reliable FORCE
COMBAT™ results are achieved.

4. Discussion

This research examined the reliability of the time to complete
the FORCE circuit component of FORCE COMBAT™, the fitness
test in IBTS for the Canadian Army. The results demonstrated
maximal effort from the participants as evidenced by their heart
rate responses, which is necessary to assess inter-trial variabil-
ity in determining test reliability.2! Similarly, consistent heart rate
responses have shown to reduce the influence of learning effects
and motivational differences across trials.'*

The results from this study suggest that the largest improve-
ments on the FORCE circuit within the marcher group (who were
all familiar with the evaluation) were found between trials 1-2 with
anaverage 9.1% decrease in circuit time. Subsequent improvements

between trials 2-3, and 3-4 were 3.3% and 0.1% respectively. When
reviewing all of the statistical analysis of the various reliability cri-
teria the conclusion is that one practice trial of FORCE COMBAT™
is required to elicit consistent and reliable test results. Statistically
significant changes in mean circuit times between trials 2-3 would
offer that two practice trials be required for reliable results; how-
ever, MDCgs of the change in mean and ICC values indicate that no
additional practice trials (above 1) would be required.

The practice periods demonstrated within this study were
shorter than the four trials suggested by Boyd® and Rogers.? This
may be attributable to the CA members’ practice to the unloaded
test elements of the circuit, having annually performed the normal
FORCE evaluation.

As hypothesized, the difference in performance of the two
groups is likely associated to an absence of the pre-fatiguing LBM
for the Non-Marchers, but also possibly influenced by drop out
of eight of the participants (5 original march and 3 original non-
march). This may have unbalanced the aerobic power between
groups, which can be demonstrated by the fact that mean FORCE
circuit time for the Non-Marchers’ fifth trial (with LBM), is nearly a
half-minute faster than that of any trials of the Marcher group.

Further analysis included an examination of Relative Recovery
Status (RRS) as indicated by the Excess Post-exercise Oxygen Con-
sumption (EPOC)?? in mls/kg for each participant at the end of the
5min rest, just before starting the FORCE circuit. To calculate a
RRS for each participant EPOC was divided by their VOyyax val-
ues. RRS demonstrated a relationship with FORCE COMBAT™ with
aR2 (95% confidence) of 0.74, confirming the theory that the partic-
ipants (non-marchers) with higher aerobic power had recovered to
agreater extent than those with lower aerobic power, and therefore
were faster on the FORCE circuit.

As guided by current research,®'%12 once a pass/fail cut-
score and a number of practice trials are established for FORCE
COMBAT™| the associated MDCgs can be used to establish a bor-
derline category based on the inherent error within the test. For
example, if one practice trial is implemented, a CA member within
89s (Table 3) of a cut-off score on their final attempt should
be given a second opportunity to achieve the 15:00. Likewise, if
two practice trials are used, Performance within 42 s of the 15:00
would warrant a second attempt. The recommendation to those
CA members who do not achieve even the lower limit of the bor-
derline category would be to undergo targeted physical training
before attempting the test again. For the purpose of developing a
feasible recommendation for the CA, one practice trial is recom-
mended.

Limitations of this research include the access to CA in Garri-
son over repeat trials, which resulted in 9/33 participants unable
to perform all sessions due to occupational and operational com-
mitments. This included the females originally participating as well
as an unbalanced design with regard to aerobic power, which our
investigations indicate is influential to performance on the FORCE
circuit component of FORCE COMBAT™,

5. Conclusions

The present study identified the necessary number of practice
trials on FORCE COMBAT™, a CA member should complete before
attempting a timed trial of the physical fitness check to ensure
reliable results. Based on the findings, it is the authors’ suggestion
that CA members who are already familiar with the FORCE evalu-
ation should complete one FORCE COMBAT™ practice trial before
being assessed. Further, if a member does not meet established
cut-off times on the FORCE circuit but is within 89s of the cut-
off score, they should be allowed to re-attempt FORCE COMBAT™
in its entirety before formally failing the test.
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Practical implications

¢ One FORCE COMBAT™ practice trial should be provided before
being timed on the second attempt.

e The FORCE COMBAT™ practice trial should include the 5 km LBM
and not only the FORCE circuit component as the march has a pre-
fatiguing effect and the potential to modify one’s pacing strategy

e Should the first formal attempt result in a an inability to achieve
the cut-off time, a borderline category has been established for
which a second attempt should be permitted
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