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Abstract 

The Canadian Load Effects Assessment Program (CAN-LEAP) was developed in order to determine 
the implications of soldier equipment configurations and loads on soldier mobility and simulated 
combat task performance.  A study of opportunity was conducted at CFB Borden while participating 
in the development and validation of a user evaluation protocol for the Joint General Service 
Respirator (JGSR) acquisition project.  Twenty-one Regular Force volunteers participated in one 
week of data collection. Participants completed the CAN-LEAP course in four different in-service 
test conditions: two CBRN Mission Oriented Protective Posture (MOPP) levels (MOPP 1 and MOPP 
4), a crowd control variant (respirator only), and a non-CBRN battle load baseline condition. The 
CAN-LEAP consisted of an instrumented obstacle course, marksmanship component, vertical and 
horizontal weight transfers, vertical jump and a subjective questionnaire. A significant difference 
between conditions was found during all of the CAN-LEAP components. The addition of the 
respirator and the CBRN clothing in the closed state were found to cause the most noteworthy 
performance decrements.  
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Résume 

Le Programme canadien d’évaluation des effets de la charge (CAN-LEAP) a été mis au point afin de 
déterminer les incidences des configurations et des charges de l’équipement des soldats sur la 
mobilité des soldats et la performance des tâches de combat simulées. Une étude d’opportunité a été 
réalisée à la BFC Borden, tout en participant à l’élaboration et à la validation d’un protocole 
d’évaluation des utilisateurs pour le projet d’acquisition du respirateur général mixte (JGSR). Vingt et 
un volontaires de la Force régulière ont participé à une semaine de collecte de données. Les 
participants ont suivi le cours CAN-LEAP dans quatre conditions de test en service différentes: deux 
niveaux de posture de protection orientée mission (MOPP) CBRN (MOPP 1 et MOPP 4), une 
variante de contrôle des foules (respirateur uniquement) et une charge de combat non CBRN. 
condition de base. Le CAN-LEAP consistait en un parcours d’obstacles instrumenté, une composante 
de tir, des transferts de poids verticaux et horizontaux, un saut vertical et un questionnaire subjectif. 
Une différence significative entre les conditions a été constatée pour toutes les composantes de CAN-
LEAP. L'addition du respirateur et des vêtements CBRN à l'état fermé s'est avérée causer les baisses 
de performance les plus notables. 
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Executive Summary 

Combat Movement Testing With Varying Load Conditions: Canadian 
Load Effects Assessment Program (CAN-LEAP), Borden 
The Canadian Load Effects Assessment Program (CAN-LEAP) was created in order to determine the 
implications of soldier equipment and load configurations on soldier mobility and simulated combat 
tasks and to determine the threshold at which the degradation in performance occurs. 
Twenty-one Regular Force personnel volunteers participated in one week of CAN-LEAP data 
collection. The data collection was part of a collaboration with the Joint Chemical, Biological, 
Radiological, Nuclear General Service Respirator (J CBRN GSR) baseline benchmarking trial. 
Participants completed the CAN-LEAP course in four different test conditions: two CBRN Mission 
Oriented Protective Posture (MOPP) levels (MOPP 1 and MOPP 4), a crowd control variant  
(respirator only, a condition that might be used in an Aid to Civil Power scenario), and a battle load 
baseline condition.  The same baseline battle load was worn across all conditions. 
In addition to the obstacle/mobility course, the CAN-LEAP comprised a marksmanship component, 
vertical and horizontal weight transfer, vertical jump, and a subjective questionnaire. The results of 
each component were analysed separately to determine the effects of the load condition on combat 
performance and user acceptability. 
The general performance trends on the obstacle course were: 

 Non-CBRN Battle Load (A) resulted in the fastest mean time, 
 Mean timing for MOPP 1 (C) was faster than Crowd Control (B) and MOPP 4 (D), and  
 MOPP 4 (D) had the slowest mean time. 

For overall course performance, all conditions had significantly different performance results from 
each other. However, for the individual obstacle interval times, the degree to which the difference in 
performance was significant changed from obstacle to obstacle. The results of participants’ subjective 
ratings of their performance, as well as their Rating of Perceived Exertion (RPE), showed a 
relationship with the actual performance effect of the carried or worn load. 
The Noptel marksmanship station results showed that fatigued shooting resulted in significantly 
larger average group size than rested. In both the fatigued and rested state the prone shooting posture 
resulted in significantly smaller average group size than both kneeling and standing. In reference to 
the test conditions, there were no significant differences found in the rested state, however in the 
fatigued state, MOPP 4 resulted in significantly higher average group size than all other conditions. 
The weight transfer station results also showed that the fatigued state resulted in significantly slower 
vertical and horizontal weight transfer times. Both horizontal and vertical weight transfers showed 
significant differences between conditions in both the rested and fatigued states. For the horizontal 
transfer the conditions with a respirator were significantly slower than conditions without a respirator 
in both fatigued and rested states. For the vertical weight transfer in both the rested and fatigued 
states, MOPP 4 was significantly different than all other conditions, and the only other significant 
pairwise condition was Battle Load (D) vs Crowd Control (B) in the fatigued state. 
The vertical jump task resulted in no significant difference between rested and fatigued states, but 
overall did show a significant difference in performance between conditions. Battle Load resulted in 
higher average vertical jump heights than all other conditions, and MOPP 4 resulted in lower average 
jump heights than all other conditions. 
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1. Background 

Lightening the load of the soldier has been a focus for the military ever since the advent of the foot 
soldier. The negative effects of overloading the soldier, such as fatigue, heat stress, injury, and 
performance degradation are still a reality for the modern warfighter. With the introduction of new 
technologies and the shifting demands of the modern battlefield, the soldier’s load must be modified 
and re-evaluated to accommodate and adapt to these changes. Although load weight has a large 
impact on combat effectiveness and performance, load distribution, bulk, and stiffness cannot be 
ignored. Soldiers who are laden with excess bulk have difficulty traversing through small openings 
and maneuvering through tight quarters, whereas soldiers who struggle with a lack of flexibility 
caused by the stiffness of worn equipment and protective gear will have trouble with agility and 
getting into proper postures and positions. Collectively, weight, bulk, and stiffness, as they pertain to 
the effectiveness and performance of a dismounted infantry soldier, have been termed “Soldier 
Burden”. Identifying the cause and effect of this burden in different equipment configurations can 
allow informed decisions to be made about future military clothing and equipment in combination 
with the effectiveness of the individual soldier. 

Previous research has tended to focus on effects of additional weight on the soldier with respect to 
physiological, psychological, and biomechanical outcomes. For example, Majumdar, Pal, Pramanik, 
and Majumdar (2013); Attwells, Birrell, Hooper, and Mansfield (2006); Seay, Fellin, Sauer, Frykman, 
and Bensel (2014); and Birrell, Hooper, and Haslam (2007) have studied biomechanical effects, while 
Beekley, Alt, Buckley, Duffey, and Crowder (2007); Patton, Kaszuba, Mello, and Reynolds (1991); 
and Holewijn and Meeuwsen (2000) have examined physiological effects of load-weight carried or 
worn by the soldier. Several studies, such as Bigard (2000); Devroey, Devroey, Jonkers, de Becker, 
Lenaerts, and Spaepen (2007); Johnson, Pelot, Doan, and Stevenson (2000); and Grenier, Peyrot, 
Castells, Oullion, Messonnier, and Morin (2012), have investigated both the biomechanical and 
physiological outcomes of varying the carried or worn load. Other studies such as Park, Branson, 
Petrova, Peksoz, Jacobson, Warren, Goad, and Kamenidis (2013); Birrell and Hooper (2007); 
Mahoney, Hirsch, Hasselquist, Lesher, and Lieberman (2007); and Orr, Johnson, Coyle, and Pope, 
(2011) measured indices such as participant comfort levels, injury rates, cognitive impacts and load 
carriage with female soldiers (respectively). These studies suggest that carrying heavy loads results in 
decrements in physiological and cognitive function, compensatory alterations in biomechanics, 
decreased levels of comfort, and increased reports of injury.  

Some studies have quantified soldier performance using marksmanship, obstacle course, or short task 
outcomes. For example, LaFiandra, Lynch, Frykman, Harman, Ramos, and Mello (2003), studied the 
effects of various load carrying equipment; Hasselquist, Bensel, Corner, Gregorczyk, and Schiffman 
(2008) examined the effects of various body armour configurations on soldier performance; and 
Treloar and Billing (2011) studied the effects of load carriage on soldier performance in an explosive 
sprint task. Very little research exists in the area of combat-specific performance outcomes under 
different load, weight, bulk and stiffness conditions and body armour configurations, particularly 
within the Canadian Military.  

The Canadian Load Effects Assessment Program (CAN-LEAP) was built in order to determine the 
implications of “Soldier Burden” and alternative soldier equipment and load configurations on 
mobility and simulated combat task performance, and to determine the threshold at which the 
degradation in performance occurs. LEAP was originally developed in consultation with subject 
matter experts (SME) in combat maneuvers, for the Program Manager (PM) of the Marine 
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Expeditionary Rifle Squad (MERS) of the United States Marine Corps (USMC). It has since been 
adopted by DRDC and several allied military organizations (DST Australia, and PEO Soldier of the 
US Army) for various purposes. LEAP facilities combine an obstacle course of  specifically designed 
obstacles with marksmanship testing and other accessory performance-based tasks, predominantly but 
not solely aimed for systematic examination of the effects of soldier equipment, and in Canada 
specifically, to determine the contributions of equipment parameters such as weight, bulk, and 
stiffness, on relevant combat performance. 

The obstacles were designed to replicate or represent real life obstacles or mobility challenges in the 
field, such as traversing through windows, over walls, over logs and ditches, etc. and testing can be 
performed in a controlled environment to ensure accurate and repeatable results. The marksmanship 
station provides a measureable method to determine the effect of the test condition shooting 
performance. 

The objective of the CAN-LEAP Borden 2013 study was to evaluate the effect of wearing Chemical 
Biological Radiological Nuclear (CBRN) gear on combat performance. This objective was 
accomplished by having soldiers complete combat-relevant tasks, which included an obstacle course, 
a marksmanship task, a weight transfer task, and a vertical jump. Each participant completed all of 
these stations in each test condition, using a counter-balanced condition presentation order, and 
results were compared to determine the effect of the test condition on the soldiers’ simulated combat 
performance.  

The CBRN test conditions were coordinated with Joint Chemical, Biological, Radiological and 
Nuclear General Service Respirator (J CBRN GSR) as part of another benchmarking trial (Angel, Ste-
Croix, & Osborne, 2013).  The goal of that trial was to benchmark the user acceptability of the in-
service C4 respirator for use in future bid evaluations as well as recommend evaluation criteria for the 
J CBRN GSR System Requirement Specifications (SRS).  Although not a mandatory requirement, the 
CAN-LEAP obstacle course was used to determine acceptability of high physiological exertion 
compatibility. 

Collaboratively between the two projects, four test conditions were chosen that allowed the soldiers to 
complete the course in a variety of different protective levels. The conditions included a battle load 
baseline (replicating a condition from a previous CAN-LEAP in-service baseline study), a condition 
that might be used for crowd control in an Aid to Civil Power Scenario, hereafter referred to as the 
Crowd Control variant (which added the C4 respirator, worn), and two conditions that represented 
different Mission Oriented Protective Posture (MOPP) levels (MOPP 1 and MOPP 4). For the CAN-
LEAP research program, comparing between these conditions will allow for the determination of 
effect of increasing levels of CBRN equipment on soldiers’ combat performance. 
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2. Aim 

This project aimed to study the performance implications of wearing Chemical Biological 
Radiological Nuclear (CBRN) protective clothing and equipment on combat performance, using the 
CAN-LEAP instrumented obstacle and combat effectiveness course. 
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tasks to follow. The dynamic warm-up consisted of the following components run as a sequence over 
a three minute period:   

 Component 1 – light jog 

 Component 2 – high stepping with arms rotating at the shoulder 

 Component 3 – strike kicks to the front 

 Component 4 – hamstring kicks (heels striking the buttocks while stepping) 

 Component 5 – hip rotations (inside/outside rotation while stepping) 

 Component 6 – hip rotations (outside/inside rotation while stepping) 

 Component 7 – side shuffle in a squatted position 

 Component 8 – back shuffle in a squatted position 

 Component 9 – burpees (done in place) 

Participants were allowed to perform any component in any order for the duration of the three 
minutes as long as they kept the activities and order the same for every warm-up each day. They were 
also instructed that a minimum of two of the three minutes must elicit a cardiovascular response, 
while one minute could be dedicated to stretching.    

3.4.2.2 CAN-LEAP Course and RFID Timing System 
The obstacle course section was a series of ten mobility test stands (1-10) with the objective of 
determining when a soldier’s performance is degraded due to various donned or carried equipment 
sets or configurations relative to a baseline. Of the ten segments, six contained semi-transportable 
obstacles, which have been constructed specifically for the CAN-LEAP project. 

The sections below outline the physical specifications and the method of traversing each of the ten 
(10) obstacles (segments) within the RFID-instrumented CAN-LEAP course.  Participants complete 
all obstacles, in sequence, with no rest breaks.  Total course completion time, time for each obstacle, 
and transition time between obstacles will be recorded. 

Tunnel and Hatch 

The tunnel and hatch obstacle consisted of a four-step riser with a hatch located in the floor on the top 
of the stairs. Attached to this was a ‘C’ shaped tunnel (of varying diameters) that participants 
traversed through in a crawl position (refer to Figure 8). 



 

Huma

The tu
shown
screw
diame
and th

anSystems  

unnel and hat
n in Figure 9.

ws and a conne
eter of the tun
he larger diam

Fi

tch obstacle w
. The beginnin
ector ring. Th
nnel segments
meter measuri

CAN 

gure 8: Tun

was comprised
ng of the tunn

he lengths of e
s varied betwe
ing 30” across

LEAP Borden

nnel and Ha

d of the stair p
nel was attach
each tunnel se
een segments
s.  

n 2013 

atch Obstac

portion and n
hed to the ope
egment are ou
s, with the sm

cle 

nine separate t
ening of the s
utlined in Fig

maller diamete

Pa

 

tunnel segme
stair platform 
gure 9. The 
er measuring 2

age 13 

nts as 
via 

24” 



 

Page 14 

To travers
climbed u
opening, l
The partic
completin
timing ma

Sprint 

After eme
the sprint 
for 60 fee

 

Figu

se the obstacl
up the stairs o
lowered hims
cipant continu
ng the length o
at. 

erging from th
segment (ref

et (18.3 m), an

ure 9: Dime

e, the particip
ne step at a ti

self into a crou
ued traversing
of the tunnel,

he tunnel obst
fer to Figure 1
nd the sprint e

CAN LEA

nsions of th

pant approach
ime. The parti
uch position, 
g through the 
 the participa

tacle, the part
10). The partic
ended when th

AP Borden 201

he Tunnel a

hed the stair p
icipant then l
and entered t
tunnel until h

ant returns to a

ticipant crosse
cipant sprinte
he second tim

3 

and Hatch O

portion of the 
owered himse
the opening o
he emerged ou
a standing po

ed the mat wh
ed at his faste
ming mat is cr

H

Obstacle 

tunnel and ha
elf (feet first)

of the tunnel o
ut the other e

osition and run

hich signifies
est capable run
rossed. 

HumanSystems

 

atch and 
) into the hatc
on all fours. 
end. Upon 
ns across the 

s the start of 
nning speed 

s   

ch 



 

Huma

Stair 

The st
other 
one v
segme
shown

 

 

anSystems  

and Ladder 

tair and ladde
with a low ri
ertical) (refer
ents that were
n in Figure 12

Figure 11:

er obstacle co
se and long ru
r to Figure 11
e connected w
2. 

: Stair (stee

CAN 

Figure 1

onsisted of  tw
un), a platform
). The stair an

with “roto-loc

ep and grad

LEAP Borden

10: Sprint S

wo sets of stair
m at the top, a
nd ladder obs
k” connector

ual rises) a

n 2013 

Segment 

rs (one with a
and a ladder o

stacle was com
s. The dimen

and Ladder 

 

a short run an
on each side (
mprised of fiv

nsions of the s

(straight an

Pa

nd high rise, th
(one angled, a
ve separate 
segments are 

 
nd angled) 

age 15 

he 
and 



 

Page 16 

Upon cros
progresse

1) cl

2) cl

3) pl

4) cl

5) cl

6) cl

7) cl

8) pl

9) cl

10) cl

The partic
of the stai

Agility Ru

The agilit
obstacle p
beginning
step-over 

Figu

ssing the timi
d through thi
limb up the sh

limb down th

lace two feet 

limb up the lo

limb down th

limb up the st

limb down th

lace two feet 

limb up the an

limb down th

cipant finishe
ir/ladder obsta

un 

ty run obstacl
placed betwee
g and end of th
obstacle (hur

ure 12: Dime

ing mat that d
s obstacle in t
hort run/high 

e long run/low

on the ground

ong run/low r

e short run/hi

traight ladder

e angled ladd

on the ground

ngled ladder 

e straight ladd

d this segmen
acle. 

e was a sprint
en each pole (
he agility run
rdle) was plac

CAN LEA

ensions of 

divides the spr
the following
rise stairs 

w rise stairs 

d 

ise stairs 

igh rise stairs 

r 

der 

d 

der 

nt of the obsta

t around five 
(refer to Figur
n. There was a
ced halfway b

AP Borden 201

the Stair an

rint from the 
g order: 

acle course by

poles set in a
re 13). An RF
a distance of 2
between each 

3 

nd Ladder O

stair and ladd

y crossing ov

a weaving pat
FID timing m
21’ (6.4 m) b
set of poles, 

H

 
Obstacle 

der obstacle, t

ver the timing 

ttern, with a s
mat was placed

etween each p
requiring the 

HumanSystems

the participan

mat at the en

step-over 
d at the 
pole, and a 
participant to

s   

nt 

nd 

o 



 

Huma

jump 
the tim

Casua

For th
mann
which

The p
drag t
small 

anSystems  

or stride over
ming mat afte

alty Drag 

he casualty dr
equin out to a

h the mannequ

participant use
the mannequi
cones. The m

r it (see Figur
er the fifth hur

rag portion of
a turn-around
uin was locat

ed either the c
n. The start/fi

mannequin we

CAN 

re 13). This se
rdle. 

Figure 13

f the obstacle 
d point 10 yard
ed (refer to F

Figure 14: 

casualty extra
finish position
eighed 180 lb

LEAP Borden

egment was c

3: Agility Ru

course, the pa
ds (9.1 m) aw
igure 14).  

Casualty D

action strap on
n of the mann
s (81.8 kg) an

n 2013 

complete whe

un Layout 

articipant dra
way and back 

Drag Set Up 

n the tactical 
nequin was set
nd was clad in

en the particip

agged a “Resc
to the origina

 

vest or the sh
t up by a tape
n a tactical ve

Pa

pant crossed o

 

cue Randy” 
al position in 

houlder straps
e box bounded
est. 

age 17 

over 

s to 
d by 



 

Page 18 

Windows 

The wind
to Figure 
obstacle w
from the g
The surfac
placed on

 8”(d) (1
with its bo
there were
with two f

To compl
participan
up the wa
window o
the partici
rolling thr
participan

Bounding

The Boun
firing pos
segment s
with the f
placed 15

ow componen
15). Window

with a 36” 36
ground. There
ce of Window

n the approach
1.5 m (w) x 3 
ottom ledge s
e no toe holds
fasteners. 

Figure 

ete the windo
nt was free to 
all. After land
opening, and l
ipant was req
rough the win
nt crossed ove

g Rushes 

nding Rushes 
itions, as disp

started and en
first one 7 feet
 feet (4.6 m) 

nt was compr
w #1 consisted
6” (0.9 m x 0.
e was a 4’1½”
w #1 was cove
h side to aid in
m (h) x 0.2 m

situated 4’ (1.
s present. The

15: Window

ow obstacles, 
choose wheth
ing on the pla
landed on the

quired to land 
ndow opening
er the timing m

segment of th
played in Figu
nded with an R
t (2.1 m) awa
from the first

CAN LEA

rised of two d
d of a 5’(w)  
9 m) window
”(d)  5’(w)  
ered with a te
n mounting th

m(d)) obstacle
2 m) (h) from
e windows we

w #1 and Wi

the participan
her or not he 
atform, the pa
 lightly padde
on his feet on

g). This segme
mat after the 

he obstacle co
ure 16. Each f
RFID timing m
ay from the tim
t on an angle 4

AP Borden 201

different obsta
10’(h)  8”(d

w cut-out, with
(11cm x 1.5m

extured resin 
he obstacle. W
e with a 36” 

m the ground. 
ere supported

indow #2 (S

nt first went t
wanted to use

articipant ran 
ed platform o
n the landing 
ent of the obs
second windo

ourse consiste
firing position
mat. The sand
ming mat in f
45 degrees to

3 

acles: Window
d) (1.5 m (w) 
h its bottom le
m) landing pla
and three toe 

Window #2 co
 36” (0.9 m x
The surface o

d by two meta

Source: J. Cl

through the op
e the toe hold
to Window #

on the opposit
platform (as 

stacle course 
ow. 

ed of five rush
n was marked
dbags were p
front of it. Th
o the right. 

H

w #1 and Win
 x 3 m (h) x 0
edge situated
atform on the
holds (all pro

onsisted of a 5
x 0.9 m) wind
of the wall wa
al stanchions, 

lark, DRDC)

pening of Wi
ds to assist him
#2, climbed th
te side. For sa
opposed to d
was complete

hes to stagger
d with a sandb

placed in a sta
he second sand

HumanSystems

ndow #2 (refe
0.2 m(d)) 
d 5’ (1.5 m) (h
e opposite sid
otruding) wer
5’(w)  10’(h
dow cut-out, 
as smooth an
each attached

 
) 

indow #1; the
m in climbing
hrough the 
afety purposes
iving or 
ed when the 

red prone 
bag, and the 

aggered patter
dbag was 

s   

er 

h) 
e. 
re 
h) 

d 
d 

e 
g 

s, 

rn 



 

Huma

The p
to the
positi
sprint
This c
partic

Balan

The b
togeth
segme
Figur

 

The fi
15 , r
down
upwar
‘plank
cm) w
(71cm

anSystems  

participant beg
e first pile of s
on, acquired 
ted to the nex
cycle was rep
cipant crossed

nce Beam 

balance beam 
her at right an
ent) to provid
e 17. 

first segment s
reaching a ma
nwards, reachi
rds and the fo
k’ segments w

were permane
m), and 12” (3

gan the bound
sandbags. Upo
a sight pictur
t (staggered) 

peated for the 
d over the tim

obstacle cons
ngles. Four bo
de an addition

started at a he
aximum heigh
ing a height o
ourth downwa
was 10’ (3 m)
ntly affixed t

30 cm) in from

CAN 

Figure 16

ding rushes se
on arriving at

re, and then le
sandbag, assu
remaining sa
ing mat at the

sisted of a ser
ox-shaped obs
nal challenge f

Figure 

eight of 6” (15
ht of approxim
of 6” (15cm) f
ards, to the sa
) long. The bo
o the plank se
m the edge of

LEAP Borden

6: Bounding

egment by cro
t the first set o
eapt up to a ru
umed the pron

andbag locatio
e end. 

ries of four slo
stacles were l
for the partici

17: Balance

5 cm) off the 
mately 2’7” (0
from the grou
ame specificat
ox-shaped obs
egments at lo
f the first, seco

n 2013 

g Rushes 

ossing over th
of sandbags, t
unning positio
ne position, a
ons, and the s

oped metal ‘p
located on top
ipant as they 

e Beam 

ground and s
0.79 m). The 
und at the end
tions as the fi
stacles, measu
cations of 41
ond, third, an

he first timing
the participan
on. The partic
and acquired a
segment ended

plank’ segmen
p of the plank
traversed the

sloped upward
second segm

d. The third se
irst two plank
uring 8”  8”
” (104 cm), 4

nd fourth segm

Pa

g mat and run
nt assumed a p
cipant then 
a sight picture
d when the 

nts connected
ks (one on eac
 beam. Refer 

 

ds at approxim
ent sloped 
egment sloped
ks. Each of th
”  8” (20  20
40” (101 cm),
ment respectiv

age 19 

 

nning 
prone 

e. 

d 
ch 
to 

mately 

d 
e 
0  20 
 28” 
vely. 



 

Page 20 

To travers
the beam 
walked ac
box obsta
the side) t

Crawl 

The low c
obstacle u

The heigh
supported
level supp
long. Two

To compl
crawling u
low crawl
back, and 
traversed 
mat.  

Courtyard

The wall c
courtyard 

se this obstac
from the end

cross the balan
acles was not p
then kept to th

crawl obstacle
under which p

ht of the low l
d pole, with th
port poles wer
o rows of sand

ete the low cr
underneath th
l. At the 10’ (
performed a 
over the sand

d Walls 

component of
wall (refer to

le, the partici
. Jumping up 
nce beam wh
permitted. Th
he outside of 

e consisted of
participants w

Figure 18

level support 
he first half re
re 26” (66 cm
dbags were lo

rawl obstacle
he canvas as f
(3 m) sandbag
back-crawl to

dbags and per

f CAN-LEAP
o Figure 19).  

CAN LEA

pant kept to t
onto the beam

hile stepping o
he participant 
the line of co

f 14 poles that
were required t

8: Crawl (wit

poles was 20
eaching 20” (5
m). The low cr
ocated on the 

, the participa
fast as he coul
g line, the par
o the 20’ (6 m
rformed a high

P consisted of

AP Borden 201

the outside of
m from the si
over the box-s
exited the ba

ones, and ran t

t supported a 
to crawl (refe

th participa

” (50 cm). Th
50 cm) and th
rawl obstacle 
ground at the

ant began by 
ld. For the fir
rticipant craw
m) sandbag lin
h crawl to the

f two differen

3 

f the line of co
ide was not pe
shaped obstac
alance beam b
towards the n

length of nyl
er to Figure 1

ant on cours

he transition p
he second half

was 4’ (1.2 m
e 10’ (3 m) m

crossing the R
rst 10’ (3 m), 

wled over the s
ne. He then tu
e end where th

nt wall obstacl

H

ones and step
ermitted. The
cles; stepping
by stepping of
next timing m

lon fabric to c
8). 

se) 

pole was a do
f 26” (66 cm)
m) wide and 3

mark, and 20’ 

RFID timing 
the participan
sandbags, turn
urned onto his
hey ran to the

les; an outer a

HumanSystems

pped up on to 
e participant 
g on top of the
ff the end (no

mat. 

create an 

 

ouble-
). The high 
30’ (9.1 m) 
(6 m) mark. 

mat, and then
nt performed 
ned on his 
s front and 
e next timing 

and an inner 

s   

e 
ot 

n 
a 



 

Huma

The o
obstac
textur
moun
m (h) 
stagge
courty
attach

The p
on the
partic
courty
To co

3.4.2
Mark
an int
barrel

The N
(conta
and p

anSystems  

outer courtyar
cle with a 4’1
red wall surfa
nting the obsta

 0.15 m (d)
ered formatio
yard wall and
hed to the wal

participant beg
e padded platf
cipant was abl
yard wall, the
omplete this se

2.3 Noptel M
smanship per
tegrated rifle m
l or picatinny 

Noptel System
aining the No
roprietary sof

  
Figur

rd wall consis
1½”(d)  8’(w
ace contained 
acle. The inne
) obstacle, wi

on, with 15 fee
d the inner cou
ll with two fa

gan by travers
form on the o
le to use the f
e participant s
egment (and t

Marksmansh
rformance wa
marksmanshi
rail of the rif

m consisted of
optel Software
ftware. 

CAN 

re 19: Inner 

ted of an 8’(w
w) (1.3 m (d) 

9 toe holds (5
er courtyard w
ith a smooth s
et (4.6 m) bet
urtyard wall. 
steners each. 

sing over the 
opposite side. 
foot holds to a
sprinted to the
the timed cou

hip Stand 
as recorded us
ip training and
fle. 

f an optical un
e) via a USB 

LEAP Borden

and Outer 

w)  6’(h)  1
 2.4 m (w)) 

5 protruding, 
wall consisted
surface, and n
tween the edg
The walls we

outer courtya
Any manner 

assist him if h
e inner courty
urse), the part

sing the Nopte
d data collect

nit (Figure 20
cable, a Nopt

n 2013 

Courtyard W

1.5’(d) (2.4 m
landing platfo
4 receding) o

d of an 8’(w) 
no toe holds. 
ge of the land
ere supported 

ard wall as qu
r of traversing
he wished. Af
yard and cross
ticipant ran ov

el ST-2000 E
tion device th

0) that was co
tel target equi

 
Walls 

m (w)  1.8 m 
form on the op
on the approa

 4’(h) 6”(d
The walls we

ding platform 
by two metal

uickly as poss
g was permitte
fter traversing
sed over it as 
ver the final t

Expert Marksm
hat attached on

onnected to a 
ipped with ref

Pa

(h)  0.45 m 
pposite side. T
ach side to aid
d) (2.4 m (w) 
ere set up in a
of the outer 
l stanchions 

sible and land
ed, and the 
g the outer 
fast as possib

timing mat. 

manship Syste
n to either the

laptop compu
flective prism

age 21 

(d))  
The 
d in 

 1.2 
a 

ding 

ble. 

em, 
e 

uter 
ms, 



 

Page 22 

Figu

The system
The light 
software c
firing line

At the beg
optical un

The partic
standing o
command
as quickly
for every 
participan
participan
weapon an
researcher

3.4.2.4 W
The weigh
from one 
to the wei

The horiz
sat just ab

A 30 lb (1
horizontal
were perfo

3.4.2.5 V
The vertic
unit, and a

re 20: Nopt

m worked by
was then refl
converted this
e. 

ginning of eac
nit was zeroed

cipant was ins
or prone posit
d, to which the
y as possible. 
firing posture

nt was require
nt moved his h
nd putting the
r with a cue to

Weight Tran
ht transfer sta
platform to a
ight transfer s

ontal transfer
bove ground h

13.6 kg) amm
l transfer. For

formed, and th

Vertical Jum
cal jump stati
a connector c

tel Optical U

y emitting an i
ected back to
s to a target sc

ch testing ses
d.  

structed to pic
tion, dependin
e participant r
The “Threat”

e. After each 
ed to lower th
head away fro
e safety on m
o issue the ne

sfer 
ation was used
nother while 

station: horizo

r platforms we
height, and th

munition can w
r both types o
he time it took

mp 
on consisted 
able (refer to 

CAN LEA

Unit (left) an
Toronto Re

infra-red LED
o the optical re
core. The targ

sion (or each 

ck up the rifle
ng on the rand
reacted by aim
” command an
shot, but befo
e weapon to 4
om the optica

maintained the 
ext “Threat” c

d to measure 
wearing each

ontal transfer 

ere both 48” (
e second plat

was used as th
of transfers, si
k to complete

of a rubberize
Figure 21). 

AP Borden 201

nd Reflectiv
esearch Cen

D light toward
eceiver by pri
gets were mou

time the opti

e and approac
domized orde
ming for the c
nd shot respo
ore the next “T
45-degrees (in

al sight) as we
safety protoc

command.  

the participan
h of the test co
and vertical t

(122 cm) from
tform was 68”

he lifting load
ix lifts (with b
e this set of six

ed mat with a

3 

 
ve Target (ri
ntre) 

ds the target u
isms mounted
unted 150 fee

ical unit gets 

ch the firing li
er. The resear
centre of the t

onse was comp
Threat” comm
n standing an
ell as put on th
col of the stud

nt’s ability to 
onditions. Th
transfer. 

m the ground
” (173 cm) fro

d for both the 
back and forth
x lifts was rec

an embedded 

H

ight) (Sourc

upon the rifle 
d on the targe
et (45.7m) aw

mounted onto

ine in a tactic
rcher then issu
target and tak

mpleted a total 
mand was issu
nd kneeling; in
he safety. Low
dy while also 

quickly trans
here were two

. The first ver
om the groun

vertical trans
h being consi
corded. 

sensor, a han

HumanSystems

ce: DRDC 

being fired. 
et and the 
way from the 

o the rifle) the

cal kneeling, 
ued a “Threat
king one shot 

of five times
ued, the 
n prone the 
wering the 
providing the

sfer a weight 
 components 

rtical platform
nd.  

sfer and the 
idered one lift

nd-held displa

s   

e 

t” 

s 

e 

m 

ft) 

ay 



 

Huma

When
handh

In ord
fabric
jump 

The p
softw
was in
to step
jump.

anSystems  

Figure 21:

n the participa
held unit conv

der to increase
cated out of a 
and reach as 

participant com
are identified
nstructed to s
p off the mat,
. 

: ‘Just Jum

ant jumped, th
verted that tim

e the participa
set of 6 balls
high as possi

mpleted a ser
d the maximum
tep on the ma
, then back on

CAN 

p’ Equipme

he sensor mea
me to a jump h

ant’s motivati
 hanging vert
ible, using the

Figure 22: 

ies of three m
m jump heigh
at and then m
n, and take an

LEAP Borden

ent (Source: 

asured the tim
height.  

ion, a vertical
tically on a ro
e target to fac

Vertical Ju

maximal-effor
ht and calcula
ake one maxi

nother maxim

n 2013 

DRDC Toro

me off the mat

l jump target 
ope. The idea 
cilitate goal se

ump Target 

rt jumps at thi
ated the avera
imal vertical j

mal jump. This

 
onto Resear

t, and the soft

(refer to Figu
was to have t

etting for a m

 

is station. The
age jump heig
jump. They th
s was repeated

Pa

rch Centre) 

tware on the 

ure 22) was 
the participan
aximal jump.

e database 
ght. The partic
hen were requ
d for a third (

age 23 

nt 
  

cipant 
uired 
(final) 



 

Page 24 

3.4.2.6 R
Immediat
as the Bor
seen in Fi

The partic
moment o
the task b
participan

3.4.2.7 Q
The quest
two-page 

Rating of Pe
ely after com
rg Scale, whic
igure 23. 

cipants were a
of finishing th
eing rated so 

nt was asked a

Questionnai
tionnaire kios
questionnaire

erceived Exe
mpleting the ob

ch ranges from

asked to choo
he course. It is
that there is n

after cardiova

ire and RPE
sk consisted o
e. The questio

CAN LEA

ertion (RPE
bstacle course
m 6 to 20 and

Figure 23

ose their rating
s important th
no second-gu
ascular and th

E 
of a stand-alon
onnaire collec

AP Borden 201

E) 
e, the particip
d measures pe

3: Borg Sca

g, from 6 to 2
hat the rating 
uessing or mis
hermoregulato

ne computer t
cted subjectiv

3 

pants were pre
erceived exert

ale  

20, based on h
be chosen im

sinterpretation
ory recovery h

terminal that 
ve data regard

H

esented with a
tion. The Bor

 

how they felt 
mmediately aft
n of exertion 
had already b

ran a program
ding the partic

HumanSystems

a scale known
rg scale can b

at that exact 
fter completin
level if the 

begun. 

m containing a
cipant’s 

s   

n 
be 

ng 

a 



 

Huma

accep
course
shown

The p
requir
questi

 

anSystems  

ptability rating
e. The rating 
n in Figure 24

participant wa
red to fill in h
ions before th

g of various p
scale ranged 
4.  

Fig

as presented w
his participant
he “Next” but

Figure

CAN 

parameters of 
from 1 (comp

gure 24: Ac

with the two s
t number and 
tton became a

e 25: Questio

LEAP Borden

their test con
pletely unacc

cceptability 

creens as sho
test condition

active. 

onnaire Kio

n 2013 

ndition and the
eptable) to 7 

Rating Sca

own in Figure
n, as well as a

osk – First S

eir RPE upon
(completely a

ale  

e 25 and Figur
an answer for

Screen 

Pa

n completion 
acceptable) an

 

re 26. He was
r each of the s

 

age 25 

of the 
nd is 

s 
seven 



 

Page 26 

Entry of t
to click th

he RPE was r
he “Previous”

Figure 26: Q

required befo
 button if he w

CAN LEA

Questionna

re the “SUBM
wished to retu

AP Borden 201

aire Kiosk - 

MIT” button b
urn to the pre

3 

Second Sc

became active
evious page at

H

 
reen 

e. The partici
t any time. 

HumanSystems

ipant was able

s   

e 



 

Huma

4. 

The fo
levels
perfor
acces
signif
otherw

 4.1
As wi
most 
can le
of ana
down
condi

Repla
rest o
missin
becom
situati
where
statist

For ea
identi
depen

 4.2
Sever
popul

4.2.1
The g
years 
left-ha
prescr
rank. 

anSystems  

Resu

following sect
s of the CAN-
rmance by tot
sory stations.
ficance, unles
wise stated. 

Statistic
ith most other
often due to i

ead to missed 
alysis perform

nfall of this typ
tion, all other

acement by m
f the participa
ng data. A ne
me artificially
ions where gr
e less than 15
tical tests with

ach data set, a
ified outlier w
nding on the n

Particip
ral different su
lation that par

 Demogra
group of partic

(SD = 4.4). A
anded particip
ription lenses
Table 3 prese

ults 

tion presents a
-LEAP study.
tal time, indiv
 For all statis
s otherwise st

cal Appro
r forms of in-
intermittent d
data points w

med on data co
pe of statistic
r conditions (a

means is one m
ants in that te
gative artefac

y smaller. In o
reater than 15
% of the data
hout having t

an analysis w
was examined
notes made.   

pant Chara
ubjective and
rticipated in th

aphics 
cipants (n = 2
All but two of
pants were al

s. None of the
ents a summa

CAN 

all of the info
. These includ
vidual obstacl
tical analyses
tated. For all 

ach 
-field data col
data collection
within the data
ollected from

cal analysis is 
and thus, the 

method of pres
est condition p
ct of this, how
order to mitig
5% of the data
a points were 
o replace the 

as performed
d against resea

acterizatio
d objective me
his experimen

21; one female
f the participa
so left-eye do

e participants 
ary of particip

LEAP Borden

ormation obta
de participant
le, and transit
s completed, p
charts, the wh

llection, situat
n equipment m
a sets. Repeat

m a within-sub
that if a parti
participant) a

serving the n 
provides a dat
wever, is that t
ate this, repla
a points were 
missing, ther
means.  

d to determine
arch notes and

on 
easures were r
ntation campa

e) ranged in a
ants were righ
ominant for sh
had operation

pants’ MOS. 

n 2013 

ained and anal
t characterizat
tion time, and
p  0.05 was u

whiskers denot

tions arise wh
malfunction. T
ted measures 
bjects experim
icipant is mis
are dropped fr

value. Avera
ta point that c
the standard d

acement by m
missing for a

re were still su

e whether any
d either remov

recorded in o
aign. These re

age from 18 t
ht-handed, and
hooting. Eigh
nal experienc

lyses complet
ations, obstacl
d the result of
used as thresh
te the standar

here data poin
This, along w
ANOVAs ar

mental design
ssing a data po
from the corre

aging the scor
can be inserte
deviation of t

means was onl
a particular te
ufficient data 

y outliers exis
ved, or kept w

order to chara
esults are out

to 36, with a m
d one did not

ht of the partic
e. All particip

Pa

ted within all
le course 
f all of the 
hold of statist
rd error, unles

nts are missed
with other sour
re a common t
, however, on
oint from one
esponding ana

res or times fo
ed in place of 
the group will
ly utilized in t
est. In situatio

to perform 

sted. Each 
within the dat

cterize the so
lined below. 

mean age of 2
t specify. The
cipants wore 
pants were Pr

age 27 

 

tical 
ss 

d, 
rces, 
type 

ne 
e 
alysis.  

or the 
the 
l 
those 

ons 

ta set, 

oldier 

22.5 
 two 

rivate 



 

Page 28 CAN LEAP Borden 2013 HumanSystems   

Table 3: Military Occupational Speciality 

MOS ID Occupation Participants 
00129 Vehicle Technician 15 
00130 Weapons Technician (Land) 1 
00134 Materials Technician 1 
00327 Electronic-Optronic Technician (Land) 2 

- Not specified 2 
 Total 21 

4.2.2 Physical Characteristics 
The participants’ mean weight and height was 79.8 kg (min = 59.8 kg, max = 117.7 kg, SD = 13.8), 
and 176.2 cm (min = 160.9 cm, max = 188.0 cm, SD = 8.3).  Height was measured while not wearing 
shoes.  

Adiposity testing revealed a range of participant body fat values from a minimum of 10.1% to a 
maximum of 30.3%, a mean of 17.7% (SD = 5.0 %) using the skinfold measurement technique. 

4.2.3 Physical Capabilities 
The physical capabilities that were measured included fitness levels, Range of Motion (ROM), and 
upper body strength. 

Fitness testing results showed that the participant’s average VO2 max was 49.31 mL/(kg·min), with a 
minimum and maximum VO2 max scores being observed at 38.2 and 58.8 mL/(kg·min) respectively 
(SD = 5.2). 

ROM as measured for forward flexion, right and left lateral flexion, and axial rotation.  Each of these 
measures was taken while the participant was semi-nude, and repeated while they were wearing each 
of the experimental conditions. The results are shown in Table 4 and Table 5. 

Table 4: Forward Flexion Results 
 Forward Flexion (FF) 

(cm) 

 Mean Min Max SD 

Semi 
nude 

24.4 11.3 43.2 8.1 

A 25.1 12.5 40.5 7.6 

B 24.4 12.3 39.6 8.5 

C 20.3 11.6 36.5 7.0 

D 19.1 10.2 31.5 6.3 
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Table 5: Lateral Flexion and Axial Rotation Results 
 Right Lateral Flexion 

(RLF) (deg) 
Left Lateral Flexion 

(LLF) (deg) 
Right Axial Rotation 

(RAR) (deg) 
Left Axial Rotation (LAR) 

(deg) 

 Mean Min Max SD Mean Min Max SD Mean Min Max SD Mean Min Max SD 

Semi 
nude 

25.7 12.8 35.7 6.4 28.5 13.5 53.3 9.3 36.7 27.5 55.9 7.9 29.7 21.1 42.8 5.7 

A 19.5 2.7 32.7 9.1 24.7 9.9 46.6 9.6 35.6 15.4 59.7 9.7 29.6 14.7 44.9 8.1 

B 23.0 4.4 42.2 9.4 26.8 12.9 44.8 9.1 33.0 15.4 48.7 8.9 29.7 11.1 47.9 10.6 

C 22.3 9.3 40.4 8.8 24.4 9.7 41.1 7.8 30.9 5.7 50.9 9.3 28.1 2.5 46.5 10.8 

D 23.4 11.1 43.4 10.2 24.6 9.2 42.5 7.2 33.3 20.2 48.5 8.3 27.1 12.6 41.9 7.6 

A repeated-measures analysis of variance (ANOVA) was conducted on each of the five ROM 
measures.  The only ROM measure that resulted in a significant difference between test conditions 
was forward flexion (FF - F(4, 80)=14.040, p<.001).  No significant differences occurred in the other 
ROM tests (RLF - F(4, 80)=1.782, p=.141; LLF - F(4, 80)=1.409, p=.238; RAR - F(4, 80)=2.189, 
p=.078; LAR - F(4, 80)=.505, p=.732).  A Duncan’s post-hoc test on the forward flexion showed that 
Forward Flexion in condition C and D was significantly lower than Forward Flexion in the other three 
conditions, and there was no significant difference between conditions C and D. 

Upper body strength was characterised using an upper limb static strength test that used a force gauge 
attached to immovable fixation point at ground level. The results are summarized in Table 6.  

Table 6: Strength Testing Results 

 Upper Body 
Strength (kg) 

Mean 46.5 
Minimum 27.0 
Maximum 89.0 
Standard Deviation 12.0 
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 MOPP 4 condition had the slowest timings (mean 428.9 s). 

Investigating the individual pairwise comparisons showed that the biggest decrement to performance 
came from adding the C4 respirator (Battle Load vs Crowd Control) and adding the CBRN suit in the 
closed state (Crowd Control vs MOPP 4).  Adding the C4 respirator and carrier bag increased the 
average course time from 332.6 s to 392.1 s, which is an increase of 59.4 s. The large decrement in 
performance caused by the addition of the respirator is primarily due to the restriction in air intake 
imposed by the respirator air filter.  Adding the CBRN suit in the closed state increased the average 
course time from 392.1 to 428.9 s, which is an increase of 36.8 s.  The decrement in performance 
caused by the addition of the CBRN suit in the closed state is primarily due to the encumbrance of the 
CBRN suit, boots, and gloves.  The portion of that encumbrance that is simply adding the CBRN suit 
in the open state with the respirator carrier bag increased the average course time from 332.6 to 366.8 
s, which is an increase of 34.2 s (Battle Load vs MOPP 1). 

5.2.2  Performance by Obstacle 
In addition to total obstacle course times, the results were analysed separately for each individual 
obstacle. All of the individual obstacle results showed the same trend as overall course performance 
where: 

 Battle Load condition performance was the fastest, 

 MOPP 1 performance was faster than that for Crowd Control and MOPP 4, and  

 MOPP 4 condition had the slowest timings. 

The statistical significance between pairwise comparisons, however, differed from obstacle to 
obstacle. 

Battle Load vs Crowd Control 

The addition of the C4 respirator (Battle Load vs Crowd Control) had a significant effect on average 
interval time for all the individual obstacles except for the sprint and windows. The decrement in 
performance was hypothesised to be due to the restriction in air intake caused by the respirator filter. 
The likely reason that no significant decrement in performance was found during the sprint was 
because it is a short duration task near the beginning of the obstacle course and therefore there is 
minimal impact of breathing gas deprivation.  With regards to the window obstacle, the battle load 
itself may have been the bigger hindrance to complete this task, as the bulk and weight imposed by 
the loaded tactical vest may have been the more prominent factor in impeding progress through the 
windows, thus preventing the participants from completing this task quickly.  

Battle Load vs MOPP 1 

The addition of the CBRN suit in the open state only had a significant impact on individual obstacle 
interval times for the Bounding Rushes, Low Crawl and Wall obstacles. The decrement in 
performance for these obstacles would be due to the added encumbrance of the CBRN suit. Even 
though it was in the open state and only added approximately 3.6 kg, there was added bulk and 
limitations on range of motion. In reference to the bounding rushes and low crawl, those particular 
obstacles required a great deal of mobility from arms and legs in order to traverse the overall obstacle 
quickly. Therefore limiting range of motion had a direct impact on the soldiers’ ability to traverse the 
obstacles as quickly as they did without wearing the CBRN suit. In reference to the wall obstacle, it 
was hypothesised that the decrement in performance was due to the limiting range of motion in the 
lower body because, in order to traverse the wall obstacle quickly,  the soldiers had to propel 
themselves up onto the wall using their legs and then quickly swing their legs over the wall. It can be 



 

Page 64 

hypothesi
the walls, 

Battle Loa

As would
C4 respira

Crowd Co

The additi
interval ti
obstacles.
compariso
addition th
encumbra
state has d
open state

MOPP 1 

The comb
CBRN su
is to be ex
effect on e
changing 

 A5.3
The goal f
course) w
case of th
timed obs

5.3.1 M
For the N
with each
prone). Th
immediate
analyzed u

As hypoth
state, whe
shooting t
significan
traditiona

In referen
shooting i
conditions
decremen
correlated
RPE resul

ized that the in
slowing then

ad vs MOPP 

d be expected,
ator had a sig

ontrol vs MO

ion of the CB
mes for all of
 The decreme

on such that it
he suit is now

ance of wearin
decreased per
e. 

vs MOPP 4  

bined effect o
uit had a signif
xpected since 
eight of the te
the suit to the

Accessory
for including 

was to gather o
e Questionna

stacle course. 

Marksmansh
optel Marksm
 set being per
he shooting ta
ely following
using a comm

hesised, there
ere rested sho
there was a si

ntly smaller gr
l prone is tho

nce to the com
in the fatigued
s. Due to the 

nt in performa
d with the incr
lts.  

ncreased bulk
n down compa

4 

 the combina
nificant impa

OPP 4 

BRN suit in th
f the obstacle
ent in perform
t would be att

w in the closed
ng the CBRN
rformance on 

f wearing the
ficant impact 
adding the re

en obstacles a
e closed state 

y Stations 
accessory sta

objective com
aire Kiosk) tha

hip 
manship statio
rformed in a d
ask was perfo

g the completi
mon marksma

 was a signifi
oting resulted
ignificant diff
roup sizes tha
ught as the m

mparison betw
d state, where
fact that this 

ance from add
reased level o

CAN LEA

k on the lowe
ared to traver

ation of adding
act on individu

he closed state
s except for th

mance in this 
tributed to the
d state and wo

N gloves and b
six additiona

e C4 respirato
on individua

espirator alon
and the added

has already b

ations in the C
mbat-related p

at could not e

on, participant
different rand
ormed in a res
ion of the obs
anship method

icant differen
d in smaller g
ference found
an both kneeli

most stable sho

ween condition
e MOPP 4 res
is the only sig

ding both the r
of fatigue that

AP Borden 201

r legs had an 
rsing the obsta

g the CBRN s
ual obstacle i

e had a signifi
he Tunnel an
case is simila
e added encum
orn with the C

boots, and cha
al obstacles co

r and changin
al obstacle inte
ne (Battle Loa
d effect due to
been discusse

CAN-LEAP (
erformance m

effectively be 

ts were requir
domized shoot
sted state prio
stacle course i
d, group size. 

ce between g
roup sizes tha

d between sho
ing and stand
ooting postur

ns there was o
sulted in signi
gnificant diffe
respirator and
t the participa

3 

effect on the 
acles without

suit in the clo
interval times

ficant impact o
d Hatch, casu

ar to the Battle
mbrance of th
CBRN gloves
anging the sui
ompared to ju

ng from open 
erval times fo

ad vs Crowd C
o the additiona
ed. 

(i.e. those oth
metrics and su

captured with

red to perform
ting posture (

or to the obsta
in a fatigued 
  

group size resu
an fatigued. F

ooting posture
ding. This is a
re. 

only a signific
ificantly large

ference it is hy
d CBRN suit 
ants were shoo

H

soldiers’ abil
t the CBRN su

osed state and
s for every ob

on individual
ualty drag, an
e Load vs MO
he CBRN suit
s and boots. T
it from the op

ust wearing th

to closed stat
or all of the o
Control) had a
al encumbran

er than the tim
ubjective ratin
hin the param

m three sets o
(standing, kne
acle course be
state. The sho

ults with resp
For both fatig
es, where pron
an anticipated

cant differenc
er group sizes
ypothesized th
in the closed 
oting under a

HumanSystems

lity to travers
uit on. 

d wearing the 
stacle. 

l obstacle 
nd window 
OPP 1 
t, however in

The added 
pen to closed 
he suit in the 

te with the 
bstacles. This
a significant 
nce of 

med obstacle 
ngs (as in the 
meters of the 

of five shots, 
eeling, or 
eing run, and 
ots were 

pect to rest 
ued and reste
ne resulted in

d result since 

ce found whil
s than all othe
hat the 
state is more

as seen in thei

s   

se 

n 

s 

ed 
n 

le 
er 

 
ir 



 

HumanSystems  CAN LEAP Borden 2013 Page 65 

The lack of difference found between the other conditions in the fatigued state and no difference 
found in the rested state may also suggest that an individual firing zero is required, or that the firing 
task was not challenging enough to elicit a sufficient level of heterogeneity in the results. Suggestions 
for increasing the difficulty of this task include making the target distance further, imposing an 
external time pressure, or instituting a friend/foe decision into the firing sequence. 

Another possible explanation for the lack of difference found between conditions is that the 
participant group (non-infantry, no deployment experience) was relatively inexperienced with 
marksmanship and had received limited marksmanship training and practice. This conclusion is 
drawn from the fact that only three of the 21 participants had more than one year of experience in the 
military. Inexperience with marksmanship techniques would generally lead to inconsistent 
marksmanship results which was evident by the relatively large standard deviation for the average 
group size results. On average for both fatigued and rested states the standard deviation was found to 
be greater than 50% of the mean value.    

5.3.2 Weight Transfer 
The weight transfer task was performed twice in each condition (rested and fatigued). Both the 
horizontal and vertical weight transfer task analyses showed a significant difference between the 
results in the rested state versus the fatigued state. In both cases the fatigued state resulted in 
significantly slower average weight transfer times than the rested state. Separate analyses were 
completed on the rested and fatigued data for both the horizontal and vertical weight transfer tasks. 

For the horizontal weight transfer, there was a significant difference found between conditions in both 
the rested and fatigued states. In both cases, participants performed significantly faster in the Battle 
Load compared to the Crowd Control and the MOPP 4 loads, and significantly slower in the Crowd 
Control load compared to the MOPP 1 and MOPP 4 loads.  

In both the fatigued and rested states the conditions that included wearing the C4 respirator resulted in 
significantly slower horizontal weight transfer times than the conditions without the respirator. 
Similar to the obstacle course results it was hypothesized that the decrement in performance with the 
addition of the respirator was due to the restriction of oxygen intake caused by the respirator filter. In 
both the fatigued and rested states the addition of the CBRN suit in either open or closed states did 
not have a significant effect on horizontal weight transfer performance. 

For the vertical weight transfer, there was a significant difference found between conditions in both 
the rested and fatigued states. In the fatigued state participants performed significantly faster in the 
Battle Load compared to the Crowd Control and MOPP 4 loads, significantly faster in the Crowd 
Control load compared to the MOPP 4 load, and significantly faster in the MOPP 1 load compared to 
the MOPP 4 load. The two conditions that included a C4 respirator (Crowd Control and MOPP 4) 
both resulted in significantly slower vertical weight transfer times than the Battle Load. The MOPP 1-
MOPP 4 pairwise comparison also included the addition of a C4 respirator, and the condition that 
included wearing the respirator resulted in slower vertical weight transfer times. The other pairwise 
comparison that was significantly different was Crowd Control-MOPP 4 which indicated the 
performance degradation due to adding the encumbrance of the CBRN suit in the closed state 
including the CBRN boots and gloves. 

In the rested state, the MOPP 4 condition resulted in significantly different vertical weight transfer 
times than the other three conditions. That decrement in performance was due to the combined effect 
of wearing the C4 respirator and CBRN suit in the closed state with CBRN boots and gloves.  
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5.3.3 Vertical Jump 
The vertical jump task was performed twice in each condition (rested and fatigued). The analysis 
showed no significant difference between the results in the rested state versus the fatigued state, but 
overall there was a significant difference in jump height between conditions. A post-hoc analysis 
showed that all conditions were significantly different from each other except for the Crowd Control-
MOPP 1 pairwise comparison. The trend in vertical jump height performance was: 

 Jumps were highest in the Battle Load, 

 Jumps in MOPP 1 and Crowd Control were similar, and both higher than MOPP 4, and  

 Jumps in MOPP 4 were the lowest. 

The highest jumps occurring in the Battle Load condition can be explained by the fact that this 
condition was the lightest and least encumbered test condition. Similarly MOPP 4 resulting in the 
lowest vertical jump heights can be explained by the fact that it was the heaviest and most 
encumbered test condition. For the vertical jump test the lower limb encumbrance and added weight 
from the CBRN boots was hypothesised to be the biggest contributor to the performance decrement. 
The vertical jump test is not an operational relevant task on its own but is a good indicator of the 
effect of the test conditions on leg power that can be generated and this is a core component of many 
operationally relevant tasks as evident from the similar decrement in performance while wearing the 
MOPP 4 condition on the obstacle course. 

5.3.4 Subjective Questionnaire and Ratings of Perceived Exertion 
Soldiers were asked to subjectively rate their overall performance on a 1 (completely unacceptable) to 
7 (completely acceptable) Likert scale. The ratings were averaged across the participant group and the 
following trend was observed: 

 Battle Load was rated the highest (5.3), 

 Crowd Control and MOPP 1 were equally rated (4.4), and 

 MOPP 4 was rated the lowest (3.2). 

The trend in subjective rating of performance and obstacle course timing results corresponded to each 
other such that participants rated their performance lower when they actual were slower, meaning that 
their perceived decrement in performance agreed with their actual decrement in performance. 

Immediately upon completion of each run of the obstacle course, soldiers were asked to give their 
RPE from 6 (no exertion at all) to 20 (maximal exertion) on the Borg Scale. Results showed a similar 
trend to the obstacle course timing results where: 

 Battle Load was rated lowest, 

 MOPP 1 was rated lower than MOPP 4, and  

 MOPP 4 was rated the highest. 

Similar to the subjective rating of overall performance statistical analysis showed that all conditions 
were significantly different from each other except for the Crowd Control-MOPP 1 pairwise 
comparison. One unavoidable potential confounding factor that may have had an influence on the 
subjective results (both the questionnaire ratings and the RPE) is the fact that it was impossible to 
make the participants blind to the contents of their worn load (conditions) potentially creating a 
confirmation bias.   
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clinical range of motion methods used during this study were difficult to administer when a 
participant was wearing bulky clothing and equipment and therefore may have led to inconsistent 
measurements. It also was hypothesised that conducting the forward flexion in the seated posture 
might have had an unforeseen impact on the upper body ROM because the CBRN suit is a one-piece 
suit. A new range of motion assessment more suitable for encumbered measurements should be 
developed for future studies. 

Furthermore, there are several obstacles in the CAN-LEAP course that require good mobility in the 
arms or mobility at the hips in order to traverse them quickly and effectively. Upper and lower limb 
range of motion assessments should also be developed for future studies to allow for more insightful 
explanations of performance decrements on individual obstacles.  

 

. 
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7. Conclusion 

The CAN-LEAP obstacle course provided excellent insight into how the participants’ performance 
was affected by the load condition they were wearing. The general performance trends on the obstacle 
course were: 

 Performance in the Battle Load (A) condition was the fastest, 
 MOPP 1 (C) performance was faster than that for Crowd Control (B) and MOPP 4 (D), and  
 MOPP 4 condition performance was the slowest (D). 

For overall course performance all conditions resulted in significantly different outcomes. However 
for the individual obstacle interval times the degree to which the difference in performance was 
significant changed from obstacle to obstacle. Adding the C4 respirator had a significant effect on all 
individual obstacles except for the sprint (Battle Load vs Crowd Control), and therefore as would be 
expected adding the CBRN suit in the closed state as well as the respirator had a significant effect on 
every obstacle (Battle Load vs MOPP 4). The significant reduction in performance observed when the 
C4 respirator was added to the test condition was hypothesised to be primarily due to the restriction of 
air intake imposed by the respirator filter. 

Adding the CBRN suit in the open state (Battle Load vs MOPP 1) only caused a significant 
decrement in performance for the bounding rushes, low crawl and wall obstacles. Adding the CBRN 
suit in the closed state (Crowd Control vs MOPP 4) caused a significant decrement in performance 
for all the obstacles except the tunnel and hatch.  

The Noptel marksmanship station identified a significant difference between rested and fatigued 
shooting, where fatigued shooting resulted in significantly larger average group size than rested. In 
both the fatigued and rested state there was also found to be a significant difference between shooting 
postures where prone resulted in significantly smaller average group size than both kneeling and 
standing. In reference to the test conditions there were no significant differences found in the rested 
state, however in the fatigued state MOPP 4 resulted in significantly higher average group size than 
all other conditions. The lack of significant difference found between test conditions was also 
hypothesised to be due to the relatively low marksmanship experience of the participant pool. 

The weight transfer station also identified a significant difference between rested and fatigued states, 
where the fatigued state resulted in significantly slower vertical and horizontal weight transfer times. 
Both horizontal and vertical weight transfers showed significant differences between conditions in 
both the rested and fatigued states. For the horizontal transfer the conditions with a respirator were 
significantly slower than conditions without a respirator in both fatigued and rested states. For the 
vertical weight transfer in both the rested and fatigued states, MOPP 4 was significantly different than 
all other conditions, and the only other significant pairwise condition was Battle Load vs Crowd 
Control in the fatigued state. 
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The vertical jump task results showed no significant difference between rested and fatigued states, but 
overall did show a significant difference in performance between conditions. Battle Load resulted in 
higher average vertical jump heights than all other conditions, and MOPP 4 resulted in lower average 
jump heights than all other conditions.  

The results of participants’ subjective rating of their performance, as well as their RPE, showed a 
relationship with the actual performance effect of the carried or worn load. These subjective 
assessments could be considered a useful and valid measure if a ‘quick-and-dirty’ approach to the 
evaluation of performance decrement was required.   
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8. Way Ahead 

There are several recommendations and considerations that can be made with regards to the way 
ahead for the CAN-LEAP program and future studies: 

 For future testing that involves a respirator it is essential that clean filters are provided to all 
participants prior to running the obstacle course. 

 The MOPP 4 condition was very physiologically challenging and for future studies that 
require testing of that condition it will be necessary to anticipate that some participants will 
not be able to complete the obstacle course. 

 More piloting needs to be conducted with the Fitlight system before full implementation into 
the CAN-LEAP facility. Technical issues need to be corrected in partnership with the Fitlight 
development team, and logistical issues with applying the Fitlight system to the obstacle 
course need to be addressed with the CAN-LEAP research team. 

 Investigate methods for making the marksmanship task more challenging. 

 Develop new ROM assessments that will allow for more consistent encumbered 
measurements and an upper limp ROM assessment. 

 Use experienced infantry or combat arms soldiers whenever possible. 
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Annex A: Adiposity Testing 

The following methodologies provide a detailed explanation of the Adiposity testing performed 
during the CAN-LEAP study: 

 
i) Skinfold thickness - Skinfold measurements were taken at seven sites: triceps, chest, axilla, 

subscapular, suprailiac, abdominal, and thigh, according to the Jackson and Pollock (1978) 
seven-skinfold equation. Each site was located and marked with a cross using a non-toxic, 
washable marker, to decrease variation between measurement trials. All measurements were 
taken on the right side of the body. Each site was measured at least twice, allowing at least 3 
minutes between trials for skin and underlying fat to return to resting thickness. If the first 
two measurements differed by more than 2mm, a third measurement was taken. If only two 
trials were required, the average of the two was used in the calculation. If three measurements 
were taken, the average of the two closest measurements was used. Once the skinfold 
measures were taken, the following equations were used to calculate body fat percentage, 
using a the sum of the seven skinfolds (SS7) and the participant’s age: 

Males: 
 

(Jackson and Pollock, 1978) 
Females: 

 
(Jackson et al., 1980) 

 
Jackson and Pollock’s equations for BD using the sum of three skinfolds (SS3) (males: chest, 
abdomen, and thigh, females: triceps, thigh, and suprailiac) was also used to calculate BF%, 
to be compared to the seven-site estimation. 

Males:  
(Jackson and Pollock, 1978) 
Females:

  
(Jackson et al., 1980) 

 
Following the calculation of BD, the equation developed by Siri (1961) was used to 
determine BF%:  
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Annex B: Strength Testing 

The following methodologies provide a detailed explanation of the strength testing performed during 
the CAN-LEAP study: 

Upper limb static strength: To measure upper limb static strength, a force gauge is attached to a 
sturdy steel chain, which is attached to an immoveable fixation point at ground level. The force gauge 
is attached to a point in the chain which coincides with the participants’ elbow being flexed 90 
degrees forward. The participant is instructed to stand feet shoulder width apart with the chain 
attachment point midway between the feet. The participant grasps the force gauge (palms up) and 
flexes their arms using their maximal strength. Encouragement is given by the researchers to help 
elicit a maximal effort.  The force value (in kilograms) is noted from the force gauge and recorded. 
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List of Acronyms/Abbreviations 

Acronym Referent

ANOVA Analysis of Variance 

BEW Ballistic Eyewear

CAN-LEAP Canadian Load Effects Assessment Program 

CBRN Chemical Biological Radiological Nuclear 

CF Canadian Forces

CFB Canadian Forces Base 

CFSTG Canadian Forces Support Training Group 

DAOD Defence Administrative Orders and Directives 

DND Department of National Defence 

GSR General Service Respirator 

HR Heart Rate

LED Light-Emitting Diode

mCAFT Modified Canadian Aerobic Fitness Test 

MERS Marine Expeditionary Rifle Squad 

MOPP Mission Oriented Protective Posture 

MOS Military Occupational Specialty 

PDA Personal Digital Assistant 

PM Program Manager

PRR Personal Role Radio

RFID Radio-Frequency Identification 

ROM Range of Motion 

RPE Rating of Perceived Exertion 

SD Standard Deviation

SME Subject Matter Expert 

SRS System Requirement Specifications 

USMC United States Marine Corps 
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