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Soldier Equipment Configuration Impact on Performance: Establishing a Test 
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Pre-Dynamic Marksmanship: 

 



First Foot March:

LEAP Obstacle Course: 

MOUT:
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Second Foot March:

Post-Dynamic Marksmanship

End of Day Questionnaires
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3.1.1 Daily Briefing 

3.1.2 Soldier Preparations 

3.1.3 IMU Preparation 

3.1.3.1. IMU Placement 



3.1.3.2. IMU Calibration 

3.1.4 Heart Rate Monitor Preparation 



Target HR = (fractional intensity)(HRmax – HRrest) + HRrest
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3.1.5  Discussion of Lessons Learned From Daily Preparations 



3.2.1 Marksmanship Background 



Source: Noptel Expert Application User’s Guide 2.1, Noptel Oy, OULU .

3.2.2 Dynamic Marksmanship Task Setup 



3.2.3 Dynamic Marksmanship Training 

3.2.4 Description of Dynamic Marksmanship Task 





3.2.5 Discussion of Lessons Learned From Dynamic Marksmanship Task 



3.3.1 Foot March Background 

3.3.1.1. Measuring Biomechanical Performance During a Foot March 



VO2

3.3.1.2. Measuring Cognitive Performance Under Physical Exertion 

3.3.2 Foot March Task Setup 



Note:  The start and end were located at the same point, and the 1-mile and 2-mile marks are displayed. The path 
terrain type is indicated by the path color. 

3.3.3. Foot March Training 

3.3.3.1. Foot March Physical Performance Task 

3.3.3.2. Foot March Cognitive Performance Task 



3.3.4. Description of Foot March Task 

3.3.4.1. Foot March Physical Performance Task 

3.3.4.2. Foot March Cognitive Performance Task 



3.3.5. Discussion of Lessons Learned From Foot March Task  

3.3.5.1. Foot March Physical Performance Task 

3.3.5.2. Foot March Cognitive Performance Task 



3.4.1 LEAP Background 

3.4.2. LEAP Setup 



3.4.3. LEAP Training 

3.4.4. Description of LEAP Task 



3.4.5. Discussion of Lessons Learned From LEAP Task  



3.5.1. MOUT Background 



3.5.2. MOUT Setup 



3.5.3. MOUT Training 

3.5.3.1. MOUT Marksmanship Performance Task 

3.5.3.2. MOUT Cognitive Performance Task 

3.5.4. Description of MOUT Task 

3.5.4.1. MOUT Marksmanship Performance Task 



3.5.4.2. MOUT Cognitive Performance Task 

3.5.5. Discussion of Lessons Learned From MOUT Task  









during





ACSM’S resource manual for exercise testing and 
prescription

Human Movement Science, 31(2),

Proceedings of the 
2016 American Biomechanics Society

Scandinavian Journal 
of Rehabilitation Medicine, 2,

Human factors evaluation of a prototype load-carrying 
system

Technical memorandum: CAN-LEAP summary of results- 
fall 2012 experimentation series

Technical memorandum: Observation report for the load effects 
assessment program – army (LEAP-A) pilot evaluation, 1-12 December 2014

Proceedings of the Human Factors Society 60th Annual Meeting, 60

Proceedings of the Human Factors Society 61st Annual Meeting

Brain Research, 9,

Using inertial measurement units to quantify gait performance.

Ergonomics, 58(

Consciousness and Cognition, 12,
Soldier load benchmark evaluation. 

Journal of Science and Medicine in Sport, 18,

Medicine and Science in 
Sports and Exercise, 26,



Journal of Strength and Conditioning Research, 26,

The effects of backpack weight on the 
biomechanics of load carriage

Physiological, Biomechanical, and Maximal Performance of Medium 
Rucksack Prototypes

An investigation:
Comparison of live-fire and weapon simulator test methodologies and the of three extremity 
armor systems: Determination of physiological, biomechanical, and physical performance 
effects of clothing and individual equipment on marksmanship. Quantification of body area 
coverage 

Journal of Sports Science, 29

Applied Ergonomics, 27,
A comparison 

of two commercial off the shelf backpacks to the Modular Lightweight Load Carrying 
Equipment (MOLLE) in biomechanics, metabolic cost and performance

Brain Research, 1341,

Ergonomics, 29,

IMU array 
technology and algorithms for field-based warfighter performance assessment



Ergonomics, 34,

Impact of weight on military mission oriented obstacle course performance

Medicine 
and Science in Sports and Exercise, 41

Preliminary results of MC-LEAP
testing of U.S. Marine combat load order configurations. 

25th Army Science Conference, 

Aviation, Space, and 
Environmental Medicine, 74

Acta Psychologica, 
112,

Psychological Bulletin, 99, 

The Journal of 
Strength and Conditioning Research, 16







s







Head Length
inches(mm)
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Head Circumference
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Very 
Difficult

Moderately 
Difficult

Slightly
Difficult

Neither
Difficult nor

Easy
Slightly 

Easy
Moderately 

Easy Very Easy N/A
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Poor
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Poor

Neither
Poor nor
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Good
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Good Very Good N/A
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Good
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Good Very Good N/A
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Tunnel and Hatch 

Figure 1. Stairs on the Tunnel and Hatch Obstacle. 

Figure 2. Hatch Opening. 



Figure 3. Opening of the Tunnel. 

Sprint

Stairs and Ladder 

Agility Run 



Figure 4. Agility Run. 

Casualty Drag 

Figure 5. Rescue Randy (a) stock image and (b) as utilized for LEAP testing. 

Figure 6. Casualty Drag. 



Window Obstacle 

Figure 7. Window Obstacles. 

Bounding Rushes 

Balance Beam 



Figure 8. Traversing the Balance Beam. 

High Crawl 

Inner and Outer Courtyard Walls 

Figure 9.  Outer(a) and Inner(b) Courtyard Walls. 



14-021 LEAP Obstacle Course SOP Instructions: 















TP ID Condition Order 1 Target Code Dynamic Code Start Hr Monitor
Pre RPE rating

Collect Noptel Data
record restriction rating arter each Firing position

Post RPE rating and Comments
Stop Hr Monitor

1 Target 5 Series or 5 Shots (25 total) in each Firing position

2 shots in each target, 8 total shots per trial.
1 trial per Firing position

rest 30 seconds between trials

TP ID Condition Order 1 Target Code Dynamic Code

Marksmanship Checklist

Test Day X Group X FATIGUED

Test Day X Group X RESTED

Dynamic

Checklist



ROADMARCH SCORING
TEST DAY

ROADMARCH # 1

Cond TP RPE Post Mission Performance Post
BAPL 3
BAPL 5
BAPL 0
BAPL 5
BAPL 0
BAPL 3
BAPL 3
BAPL 5
BAPL 0
BAPL 5
BAPL 0
BAPL 3

ROADMARCH # 2

Cond TP RPE Post Mission Performance Post
BAPL 3
BAPL 5
BAPL 0
BAPL 5
BAPL 0
BAPL 3
BAPL 3
BAPL 5
BAPL 0
BAPL 5
BAPL 0
BAPL 3



14-21 Ft. Devens Study – CHECKPOINT TABLET TROUBLESHOOTING

START OF DAY CHECKLIST:
 Backup response device

 Backup tablet

WHEN PARTICIPANT IS APPROACHING CHECKPOINT:

 Thumbs up means not doing task
o You can talk to participant
o Give feedback on pace
o Offer water

 Hand up means stop, doing task
o You CANNOT talk to participant
o Give feedback on pace via whiteboard
o Offer water

 Record cumulative clock time that come through checkpoint
 Radio time into road march start person

PROBLEMS THAT MAY COME UP:

Note, you will need to walk along with Soldier to try and fix issue since we want to keep them 
on schedule 

Not hearing anything (troubleshoot in this order):
1. Check if headphones came unplug

2. Pull tablet out while walking behind Soldier.

If program has frozen or exited:
Unlock tablet, by hitting 1 – 2 – 3 – 4 – 5 – 6, then hit end task

Restart task, entering all information entered previously (on back of

tablet)

Checkpoint 1 restart and enter # blocks = 3

Checkpoint 2 restart and enter # blocks = 1
If this doesn’t resolve the issue then replace tablet with backup

It may not be practical to deal with the issue, if it is slowing them down too much 
or too disruptive, don’t keep trying to troubleshoot 

Make note of issue and when occurred.

END OF ROADMARCH

 Return tablet, response device to road march start

 Report on issues that occurred at checkpoint



14-21 Ft. Devens Study – CHECKLIST FOR ROAD MARCH (COG PORTION)

START OF DAY CHECKLIST:

 Tablets on table, labeled by participant number

 Tablets plugged in and charging

 Headphones labeled by participant next to correct tablet

 Response device plugged in and checked if working (open notepad, press button

multiple times, ensuring 1 shows up for every button press)

 Check volume is set to specified level for participant (should be written on tablet on the

tape)

 Set-up program with that days testing condition, road march #  and participant

information – DO NOT START THE PROGRAM YET
 Confirm delay between blocks is set to 480

 Obtain IMU time marker from biomechanics team

 Place IMU time marker in zip lock bag and secure with safety pin to shirt or pants

 Obtain RPE sheets from binder and secure to clipboard

 Set up white board with schedule

START OF ROADMARCH

 Have participant put in headphones, check they are secure, do not plug into tablet

 Remind participant of task, play practice sounds (on tablet labeled practice) if

necessary (plug headphones into practice tablet)

 Start the testing program – DO NOT HIT THE RESPONSE BUTTON
o If the button is pressed and the task starts, follow this procedure:

Unlock tablet, by hitting 1 – 2 – 3 – 4, then hit end task

Restart task, entering all information entered previously

 Run response device through backpack handle, place tablet in outer MOLLE pouch

 Hand response device to participant (instruct them to not press button)

 Plug headphones into the tablet

 Tape response device and headphones to tablet

 Ask participant to give you a thumbs up once the march begins to let you know the task

has started properly



 2 minutes before the road march

1. Unlock watch

 1 minute before the road march

1. Record participant’s RPE

 30 seconds before the road march

1. Insert IMU time marker into IMU

2. Press button on IMU time markers

3. Remove IMU time marker and replace to zip lock bag

 As soon as the road march begins they should
1. Hit the response button to start task
2. Hit the start button on the watch

 As soon as the road march begins they should
1. Hit the response button to start task
2. Hit the start button on the watch

 Watch for participant’s thumbs up that task is working. If not, run after participant to
ask.

END OF ROADMARCH

 Have participant remove headphones, drop pack, send participant to next task

 Record participant’s RPE

 Record participant’s performance assessment

 Insert IMU time marker into IMU, press button, and remove IMU time marker

 Remove tablet from backpack and place on table, plug in to charge

 Place response device, headphones next to participant’s tablet ready for next use

(follow set-up procedures above for entering condition, march # etc).



Target Sequence MOUT Checklist
TP ID Condition MOUT Code Pre RPE Rating

Place shotmaxx timer on strong hand wrist
Place GoPro on Helmet
Start Noptel Program

TP Fires 1 Shot to ensure Noptel program is recording
Start target scoring program
Press start on shotmaxx timer

TP fires a single shot at the target outside the bldg
TP fires 2 shots at each threat target

Remove shotmaxx watch
Remove Go Pro

Post RPE Rating and Comments
Record timer results by hand

Test Day X Group A
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Test Items Used in Specific Tasks.

Test Item Task
Dynamic 

Marksmanship
Road 

March
LEAP MOUT Subjective 

and Set-up
Analysis

De-militarized M4 carbine with an 
integrated CO2 recoil simulation system 

X X

Fabrique National Expert Simulator System  
and portable computer 

X X

Fabrique National Targets X X
Garmin GPS/Heart Rate Monitor X X X X X
Go/no-go task X X
Hand Held Button, Delcom Products
In ear noise cancelling headphones X
Inertial Movement Unit (IMU) sensors, 
Opal Wearable Sensors, 

X X X X X

LEAP Obstacle Course X
MATLAB X
Manual Stop watches X
Mock M4 Weapon X X X
Paper data collection sheets and electronic 
questionnaires 

X X X X X

SHOTMAXX watch time X
SPSS Statistics V21, X
CCO Unit X X
USB response device, X
Windows Tablet with audio and USB (full 
size) ports

X




