D-A286 892
A AR

Defense Nuclear 3gency
Alexandria, VA 22310-3398

DNA-TR-93-173-V2

The Effect of MOPP4 on M198 Howitzer
| Crew Performance
gj?_ Volume 2—Task Times for Fire Missions

Gene E. McClellan Arthur P. Deverill, Jr.
Leigh N. Matheson Anthony J. Barkely
George H. Anho ARES Corp

_ Pacific-Sierra Research Corp. 1800 North Kent Street
"” 2901 28th Street Suite 1230

Santa Monica, CA 20403-2938 Ariingtcn, VA 22209

May 1596

Technical Report

2 " CONTRACT tio. DNA 001-90-C-0164

(;\j Appro ‘ed for public release;
Qi:s_t_nbution is unlimited.

-96-01707 °
Iy R

Y - - ioT el
R OSSN W -

......




Mestroy this report when it is no longer needed. Do not
return to sender.

PLEASE NOTIFY THE DEFENSE NUCLEAR AGENCY,
ATTN: CSTI, 6801 TELEGRAPH ROAD., ALEXANDRIA, VA
22310-3398, IF YOUR ADDRESES IS INCORRECT, IF YOU
WISH IT DELETED FROM THE DIGTRIBUTION LIST, OR
IFTHEADDRESSEE ISNO LONGER EMPLOYED BY YOUR
ORGANIZATION.




CUT HERE AND RETURN

Ry,

DISTRIBUYION LIST UPDATE

]
This mailer is provided tc enaclie DNA to maintain current distribution lists for reports. (We would
appreciate your providing the requested information.)
NOTE:
0 Add the individual iisted to your distribution list. Please return the mailiug label from the ®
document so that any additions, changes,
O Delete the cited organization/individual. correciions or deletions can be made easily.
For distribution canceliation or more
3 Change of address. information call DNA/IMAS (703) 325-1035.
) [ ]
NAME:
ORGANIZATION:
8

OLD ADDRESS

CURRENT ADDRESS

TELEPHONE NUMBER: {___)

DNA PUBLICATION NUMBER/TITLE

CHANGES/DELETIONS/ADDITIONS, etc.)

(Artach Shaet if more Spacw i3 Reguired)

DNA OR OTHER GOVERNMENT CONTRACT NUMBER:

CERTIFICATION OF NEED-TO-KNOW BY GOVERNMENT SPONSOK (if other than DNA):

SPONSORING CRGANIZATION:

CONTRACTING OFFICER OR REPRESENTATIVE:

SIGNATURE:




) L '
-, @)
| ®
i ®
9
&)
[~ |
@ i
o
DEFENSE NUCLEAR AGENCY ® ® i
ATTN: IMAS
6801 TELEGRAPH ROAD
ALEXANDRIA, VA 22310-3398 :
L]
®
DEFENSE NUCLEAR AGENCY
ATTN: IMAS
6801 TELEGRAPH RQAD PY

ALEXANDRIA, VA 22310-3398

PR YL 1




Form Approved

REPORT DOCUMENTATlON PAGE OMB No, 0704-0188
Public reporting burden ior this codtection of . d to 1haulpov epor [ g the time for feview, , J s05bng data cources,
pmwnumummwm ing and ing the: of & Sond mhburdm i nnnyw-uupvao(w-
Q B for red 0 this burden, bWWMmWWhMW:MWRM 1215Jolhum
1. AGENCY USE ONLY (Loave blank) 2. REPORT DATE 3, REPORT TYPE AND DATES COVERED
960531 Technical 830301 - 950615
[ 4. YITLE AND SUBTITLE ' 5. FUNDING NUMBERS
The Effect of MOPP4 on M188 Howitzer Crew Performance C' - DNA 001-90-C-0164
Volume 2—Task Times for Fire Missions PE - N/A
PR -RM

6. AUTHOR(S)
Gene E. McClellan, Leigh N. Matheson and George H. Anno (PSR)
Arthur P. Deverill, Jr. and Anthony J. Barkely (ARES)

TA -RH
WL - DH303390

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Pacific-Sierra Research Corp. ARES Corp REPORT NUMBER
2901 28th Street 1800 North Kent Street
Santa Monica, CA 90405-2938 Suite 1230 PSR Report 2492

Arlington, VA 22209

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING
Defensa Nuclear Agency AGENCY REPORT NUMBER
6801 Telegraph Road TR.03.173.\"
Alexandria, VA 22310-3398 DNA-TR-93-173-V2
RAEM/Kehlet

11. SUPPLEMENTARY NOTES

This work was sponsored by the Defense Nuclear Agency under RDT&E RMC Code B4662D RM RH
00038 STRP 3500A 25904D.

12a. DISTRIBUTION/AVAILABILITY STATEMENT —{ 12b. DISTRIBUTION CODE

Approved for public release; distribution is unlimited.

13. ABSTRACT (Maximum 200 words)
This work represents field measuremernits of task completion times for the crew of an M198 Howitzer,
The M198 is a towed, 155mm artillery piece, manned by a 10-member US Marine crew for the exercise.
Baseline times in batile dress uniform and degraded times in full nuclear and chemical protective gear
(MOPP4) are included. Times are reported for 22 tasks composing a fire mission. Task performance is
defined as the ratio of baseline task completion time t» completion time with crewmembers in MOPP4.
A regression of performance versus time in MOPP4 separates the performance degradation caused by
the encumbrance of the MOPP gear from that caused by accumulating heat stram Meteorological data
and physiological data from the exercise are included in the report.
12 of 22 M198 tasks show significant degradation from encumbrance effects. 10 of 22 tasks show
significant degradation with time in MOPP4. Degradation is cormelated with demand ratings on human
abilities of the tasks and with the number of crewmembers involved in a task. The measurements and
analyses are part of an ongoing effort of DNA’s NBC Consequence Assessment Program to support
quantification of military performance degradation in an NBC environment.

14, SUBJECT TERMS 15. NUMBER OF PAGES
MOPP Task Times Crew Performance 432
Howitzer Heat Strain Field Measurements

A . . 16. FRICE CODE
Fire Miss'o>n  Encumbrance  Performance Degradation

[17. SECURITY CLASSIFICATION] 18. SECURITY CLASSIFICATION | 15. SECURITY CLASSIFICATION | 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED SAR

NSN 7540-280-5500

Standard Form 296 (Rev,2-89)
Prescribed by ANSI Sts. 230-18
208102




N 1.“ *-) N
® : g
() ‘
. SECURITY CLASSIFICATION OF THIS PAGE o
CLASSIFIED BY: e ‘
N/A since Unclassified. . )
%)
DECLASSIFY ON:
N/A since Unclassified.
®
:s',“{
®
: -]
' o ..1
® g
o
'1 o
':fr
®
. [
SECURITY GLASSIFICATION OF THIS PAGE
& ii UNCLASSIFIED




SUMMARY

This report, The Effect of MOPP4 on M198 Howiizer Crew Performance, in three volumes
presents and analyzes field measurements of 113k completion times for the crew of a towed, 155
mm howitzer with crewmembers in Battle Dress Uniform (BDU) and Mission-Oriented Protective
Posture, Level 4 (MOPP4). This volume of the report focuses on tasks performed by an
individual crewmember or a subgroup of crewmembers during fire missions. Task times for
crewmembers in BDU are used as baseline values to calculate performance degradation caused
by MOPP4. The performance in MOPP4 is analyzed for both an early, encumbrance effect and
performance decreasing with time in MOPP4.

Section 4 of this volume describes the fire mission tasks for each M198 crewmember and the
procedure tor calculating task completion times from the field-measured event times. These
descriptions with event timelines, displayed mission-by-mission in Appendix A, provide a
comprehensive picture of M198 crew operations during a fire mission.

Fire mission scenasios in MOPP4 were conducted with standard crew positions on some days
and on other days with rotating crew positions to reduce heat strain by distribution of metabolic
work load arnong crewmembers. The results for these two types of scenarios, denoted in this
report by MOPP4-S and MOPP4-R, respectively, are presented separately to facilitate future
comparison of the operational effectiveness of the two procedures. Daily mission lengths,
determined by crew attrition from heat strain, should provide an easy comparison of MOPP4-S
and MOPP4-R. However, according to the analysis in Section 5, day-to-day varations in
meteorology explain a substantial part of the variation in daily mission length. A definitive
analysis of relative effectiveness of the MOPP4-§ and MOPP4-R procedures would require time-
dependent modeling of ambient meteorological conditions and metabolic work rate of the crew.

Using all MOPP4 data, 12 of 22 M198 tasks show significant encumbrance degradation when
judged by performance on the first fire mission of each day. Regression analysis of performance
versus time in MOPP4 shows that performi.nce degradation increases with time in MOPP4 for
10 of 22 1asks.

Performance degradation in MOPP4 is analyzed by placing the M198 tasks in four groups
(Section 7) according to whether a task shows encumbrance degradation and whether it shows
increasing degradation with time in MOPP4. Exataination of the nature of the M198 tasks in

each group leads to the following conclusions:

I M98 tusks performed by a single crewmember with no potential for i .rruption (delay)
by another task are least likely to show performance degradation from MOPP4.
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2. M 198 tasks that involve more than one crewmember are more likely tu show encumbrance
degradation than tasks performed by a single crewmember.

@
3. For M198 tasks, the likelihood of increasing degradation with time in MOPP4 is not
sensitive to the number of crewmembers involved.
4. The M198 tasks for which performance degrades with increasing time in MOPP4 tend to &
have higher physical demand and lower cognitive demand thai tasks that have little or
no increase in degradatiorn.
The richness of the data set gathered and compiled during this effort enables fu “her analyses, ™
Possibilities are described in the concluding section of this volume.
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PREFACE

This report was prepared for the Radiation Risk/Safety Program at the U S. Defense Nuclear
Agency (DNA). DMNA's technical monitors for this project were Mr. Robert A. Kehlet and Dr.
Robert W. Young of the Environments and Modeling Division. The analysis in this volume of
t.e report was supporied by ARES Corporation with funding from DNA through Contract DNA
001-90-C-0164. Pacific-Sierra Rescarch Corporation (FSR) participated with funding from the
same contract through subcontract ARES-PSR-90-C-001.

Data were ~olleciad by DNA resenrcchers froim ARES, EAI Corporation, and PSR on a
noninterference basis during a four-week exercise conducted in August of 1992 by the U.S. Amiy
Human Engineering Laboratory (HEL) at Aberdeen Proving Ground. The exercise, Assessment
of Towed Ar*llery (M198) Crew Performance in NBC Protecrive Clothing, was directed by Mr.
Orest Zubal of HEL whose cuoperation is gratefully acknowiedged. The exercise was funded
by the PINBC? Project Office of the U. S. Army, the acronym standing for Psychological and
Physiological Effects of the NBC Environment und Sustained Operations on Systems in Combai.
Mr. Kehlet of DNA and Mr. Don Cunningham, PPNBC? Program Maunager, U. S. Army Chemical
School, were instrumenta! in arranging on short notice for *he DNA research team to take
advantage of this tmportant data collection opportunity.

Volume 1 of this report provides an analysis of the MO{P4-induced performance degradation
of aggregate crew activities, specifically, emplacement and displacement times and rates of fire.
Volume 3 provides a comparison of field-measured, crewmember performance degradation with

estimates of performance degradation obtained from the same crewmembers with a questionnaire.
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SECTION 1
INTRODUCTION

During August of 1992, a team of contractors sponsored by the Defense Nuclear Agency
(DNA) participated in an artillery field exercise at Aberdeen Proving Ground under the U. S.
Army’s P'NBC? program. The purpose of the exercise was to measure and contrast various task
completion times of an M198 howitzer crew in baitle dress uniform (BDU) and in full nuclear
and chemical protective gear (Mission-Oriented Protective Posture, Level 4 or MOPP4). The
DNA team, on a noninterference basis, recorded time and motion data for the exercise. Volume
1 presents data on howitzer emplacement and displacement times and data on fire mission times
aggregated to the level of time to first round and time between rounds. This report (Volume 2)
provides detailed results for 20 crew tasks composing a fire mission.

For easy reference, basic descriptive data for the exercise from Volume 1 is repeated in this
introduction.

1.1. BESCRIPTION OF THE M198 HOWITZER CREW.

The M198 howitzer is a towed, 155 mm weapon and was manned by a ten-member U. S.
Marine crew for this exercise. The crew consisted of a Chief of Section, a Gunner, an Assistant
Gunner, a Radio Telephone Operator (or Recorder), and six Cannoneers. The six Cannoneers
are the loader (No. 1 Cannoneer), three projectile handlers, and two powder men. Table 1-1
summarizes the rnain tasks of the crew during a fire mission.

Table 1-1. Brief task descriptions for the crew of the M198 (155 mm) howitzer during fire
missions.

Crew Member(s) Task Descriptions

Chief of Section Receive fire order and call projectile, charge, fuze, deflection and
quadrant elevation (QE).

Gunner Set deflection on sight, traverse tube/level bubble, check sight
picture and level bubbles.

Assistant Gunner Set QE on range quadrant and elevate tube/level bubbles.

Cannoncers Load projectile and propeliant. Close breech and prime firing
mechanism. Attach lanyard. Open breech, swab and inspect bore.




Selection of event times to be recorded was based primarily on the major task groups as
represented in Table 1-1 and secondarily on readily discernible aural or visual cues for the human
observers. A team of observers collected data in real time using notebook computers and
45 appropriate software as described in Section 2 of this report. These events are used to calculate
: task times as described in Section 3. Table 1-2 outlines the recorded time points for each fire
mission, .

Table 1-2. Fire mission svents recorded for the M198 howitzer including schematic timelines.
Event T = Time Recording Points
CHIEF OF SECTION

Receive/cal] out fire mission t—1
Standby T

GUNNER

Set deflection on sight* T

Traverse tube/level bubble F—

Check sight picture T— 1

ASSISTANT GUNNER

Set QE on range quadrant* T —

Elevate tube/level bubbles T—1

Depress tube for loading T—1

CANNONEERS

Load start (set tray) 1

Ram projectile t

Close breech; prime t-—1
Fire +

Open brecch/swab bore tT-——1

..r

L;:_."_; @
] RANGE SAFETY OFFICER

Safety check tT—1

i *The end of this task 1s marked by the beginning of the subsequent event.




1.2, DESCRIPTION OF THE M198 HOWITZER EXERCISE.

Three M198 howitzer crews spent two weeks each in this exercise. After a week of
preparation and training, each crew conducted a series of fire missions for the record on Monday,
Wednusday, and Friday of their second week. A day's planned exercise included 17 fire missions
with a total of 89 inert rounds to be fired. Table 1-3 presents the three mission scenarios used
by the crews The three scenarios are similar, consisting of the same 17 fire missions with minor
variations in order. Each scenario begins with 7 fire missions totaling 30 rounds followed by a
road march for resupply. Five of these first missions are normal, that is, the elevation angle is
low enough that the barrel need not be depressed between rounds for reload. The cther two fire
missions are high angle, requiring the barrel to be depressed for reload.

After re.upply, each scenaiio has 10 fire missions totaling 59 rounds. Nine of these are

normal fire missions, ranging from 3 to 5 rounds each. The other fire mission is a zone and
sweep mission consisting of 25 rounds. The aim point for each round of the zone and sweep is
shifted to generaie a 5-by-5 grid pattern for the laydown. The zone and sweep fire mission is
the most demanding as far as sustained effort is concernzd.

Table i-4 presents the schedule of scenarios followed by each crew and the outcome for each
scenario. In baitle dress uniform (BDU), all three crews completed the scenarios as planned.
Crew 1 repeated its BDU exercise on Friday (with a different scenario) because of technical
difficulties with instrumentation on the howitzer on Monday, the first day of the exercise. Since
the DNA team also made adjustments in its data taking procedures following the first day’s
experience, this report does not analyze the first day’s data for Crew 1.

On one day for each crew, all operations were conducted in MOPP4 with standard crew
positions and standard adjustments for loss of crew members (MOPP4-S). Crews 2 and 3 also
conducted a day of operations in MOPP4 with an experimental, regimented rotation of crew
positions designed to distribute the thermal-related work load more evenly across crew members
(MOPP4-R). In addition to changing positions for the regimented rotation, one crew member
was rotated into the shade for rest after each fire mission.

As part of the safety conditions of the exercise, medical personnel monitored the core
temperature, heart rate, and skin iemperature of each crew member while in MOPP4 to limit the
amount of heat stress to be suffered by each. The {irst limitation was that a crew member’s core
bod. temperature should not rise above 39.4 degrees Centigrade. In addition, # crew member’s
heart rate should not exceed 160 beats per minute for more than five minutes at rest »-  should
it exceed 180 for more than five minates at work. If any of these physiolegical conditions were
exceeded by a crew member, he was withdrawn from operations and given medical attention.
The remaining crew members then resumed operations with position and task adjustments as

necessary. When only six crew members remained, the exercise was halted.
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Table 1-3. Daily mission scenarios showing number of rounds planned for each fire mission. i
Fire Mission Number Number of Rounds (Alternate Mission Scenarios)
A B C ®
1 6 6 6
2 5 HA' 4 5 HA
3 4 s HA 4 ¢
4 4 4 5 HA
5 5 HA S HA 4
6 3 3 3
7 3 3 3 ¢
Resupply and road march
8 4 4 a ¢
3 25 Z§* 3
10 25 ZS 3 S
11 5 5 25ZS
®
12 s 5 3
13 3 3 3
14 3 5 s
15 5 3 3
16 3 3 3 ¢
17 3 3 5
'HA = High angle (elevation greater than 1000 mils) ¢
AT Zone and sweep




Table 1-4. Summary of daily scenarios for the PPNBC? M198 howitzer exercise.

Fire
Daze Mission Scenario Missions Rounds
(1992) Crew Weekday Scenario  Fosture’ Completed Completed Fired
10 Aug 1 Monday A BDU Yes 17 89
12 Aug ! Wednesday C MOPP4-S No 7 30
14 Aug | Frday B BDU Yes 17 89
17 Aug 2 Monday A BDU Yes 16 89
19 Aug 2 Wednesday B MOPP4-S No 6 27
21 Aug 2 Friday C MOPP4-R Yes 17 £9
24 Aug 3 Monday B MOPP4-5 No 8+ 42
26 Aug 3  Wrednesday A BDU Yes 17 89
28 Aug 3 Friday C MOPP4-R No 9 37
Totals 114+ 581
" BDU = Battie dress uniform
MOPP4 = fMission-Criented Protective Pesture, Level 4
-S = Standard positions with adjustments for missing crew members
-R = Regimented rotation of crew positions to distribute thermal work load

2 On this day, rounds from Fire Mission 17 were inciuded in Fire Missica 16 to meet a time deadline
for cessation of firing.

} On Monday, Crew 3 operations were halted after partial completion of fire mission 9 (8 of
25 rounds fired).

For all three crews, the first scenario followed in MCPP4 was with standard crew positions
(MOPP4-5). None of the crews was able to complete its scenario. Each crew completed 6, 7,
or 8 fire missions before medical perscnnel pulled the fourth crewmember, halting the exercise.
Crew 3 fired the most rounds, pa .ially completing its zone and sweep fire mission in Scenario
B.

Crews 2 and 3 followed a scenario in MOPP4 with regimented rotation (MOPP4-R). The
members of Crew 2 paced themselves well and were able to complete all 17 fire missions,
although only 7 crewmembers remained for the later fire missions. Crew 3, on the cther hand,
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- completed only 9 fire missions, fewer than for its MOPP4-S scenario. ¢ )
Table 1-5 presents the mission start, stop, elapsed times, and reason for terminaticn. As 0 '
. procedures became routine, there was a generaj trend toward earlier start times. On only one day

@ did operations halt before noon Eastern Daylight Time (EDT). )
* }
i : ¥,
Table 1-5. Start, stop and total times for each day of the M98 howitzer ex.rcise.
®
Mission Reason for
e Day’ Star?? Last Round  Mission End Terminution Total Elapsed Time
CIM 10.6272 15.9125 16.2561 Normal 5629 =5h38m o
] Ciw 10.2944 12.3767 13.20 Medical 2906 =2h 54m
] CIF 9.6672 13.5925 13.7772 Normal 411 =4h 7m
P C2M 10.1508 14.0078 14.00 Range Safety 3.857 =3h Slm o _
2w 9.6656 11.3967 11.433 Medical 1,768 = lh 46m
C2F 9.5894 15.7303 16.0047 Normal 6.415 = 6h 25m _‘__:_-
CiM 9.7183 14.9169 14.9333 Medical 5215 =5h 13m o ®
3 3w 9.0956 13.3503 13.5775 Normal 4482 =4h 29m ;
;--)" C3F 9.0814 13.1069 13.15 Medical 4069 =4h 4m
- | , ¢ ;)
L See Table 1-4 for dates. CIM = Crew |, Monday. etc. s
;. *All times except the last column are clock tir.z D" ) expressed in decimal hours. ’
¥ ~

% Personnel in the exercise w.ve assigned particy-ant identification (PID) numbers denoting
o their crew and position. Table 1-6 lists cach P'D




o ® |
‘ Table 1-6. Participant identification numbers for the M198 howitzer exercise. ? @ 8
Crew ] Crew2  Crew 3  Position | ?
10 20 30 Chief of Section o
t‘ 11 21 31 Gunner *,
' 12 22 32 Assistant Gunner o
, 13 23 33 No. 1 Cannoneer (loader) °
‘ \ 14 24 34 No. 1 Ammo (projectile handler)
i 15 25 35 No. 2 Ammo (projectile handler)
16 26 36 No. 1 Powder ¢
l 17 27 37 No. 2 Powder
- 18 28 38 Radio Telephone Operator (RTO)
19 29 39 Driver* (projectile handler) *
|
! :'E *In the US Marine Corps the driver is not part of the gun section, but is assigned with his vehicle
b from the motor section. For this exercise, the driver participated in fire missions (as » projectile ° ®

handler) following procedures of US Army artillery crews. In this manaer, the driver was
available to assume or share duties of crewmembers who were pulled for heat strain.




SECTION 2
DATA COLLECTION AND DESCRIPTION OF RECORDED EVENTS

This scction describes the method of data collection and the nature of the events recorded
for the M198 howitzer fire missions. Although, descriptions are cast in standard U.S. Army
terminology as far as possible, evolution of equipment and procedures and limits on
documentation availabie to the authors has likely introduced some nonstandard terminology. The
authors have strived for consistency across the three volumes of this report and hope that clarity
wili result.

2.1, METHOD OF DATA COLLECTION.

The activities of the seven to ten member crew of a 155 mm towed howitzer during a fire
mission form a complex network of tasks. A few observers with stopwatches can achieve only
a cursory time characterization of such an operation. With a fire rate that approaches one round
every 20 or 25 seconds, each observer can reliably measure and write down only one or two time
intervals per round. Additional measurements could be obtained from repeated replays of a video
tape, but the process would be cumbersome. For such complex crew operations, a better inethod
of ob:ervation is desirable.

Fast, portable personal computers provide an economical and powerful alternative to the
stopwatch. At the push of a key on its keyboard, a properly programined compuier will rzad its
internal clock and store the tim and the identity of the key pushed. The computer reads and
stores much faster than human response times. The data recording rate is determined by how
quickly the observer can identify and push the proper alphanumeric keys. Even an unpracticed,
hunt-and-peck typist can record data much faster in this way than with a stopwatch, pencil and
clipboard. Additionally, the recorded data is in an electronic form convenient for numerical
analysis.

To record the activities of the M198 howitzer crew during the PNBC? artillery test at
Aberdeen Proving Grounds in August, 1992, we used a ata logser program provided through
the courtesy of Dr. Greg King of DNA’s Armed Forces Radiobiology Research Institute
(AFRRD). The program was written by Mr. Tom Lively of AFRRI. The logger program
provides for the convenient construction of a template which associates a numerical code with
each event to be observed and then associates each code with one of the computer’s alphabetic
(letter) keys. Each event is either impulsive or continuous. For an impulsive event the program
records the time at which a letter key is pushed along with the key’s event code from the

template. The duration of the impulsive event is assumed to be too short for the human observer

to measure. Alternatively, the impuisive event may be viewed as a time marking the beginning
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or end of an operation. For a continucJas event, the logger program starts timing an interval
when a key is pushed once and stops the interval when the same key is pushed again. The
program records the duration and stop time of the incerval along with the key's event code from
the template. All times are recorded as clapsed times from the start of the data recording session
with a precision of 0.01 seconds. Each data file has a header that includes the template with key
assignments and the date and time that the recording session was started. Additionally, the
program allows alphanumeric comments to be entered in the data file during a recording session.

The following subsectivas describe the data logger template used for the M198 exercise.
Events are listed by the letter key assigned and title of each event as listed in Table 1-2. The
paragraphs include descriptions of the events and cues used for timing from the vantage point
of the observers.

2.2. EVENTS RECORDED BY ALL DATA LOGGERS.

Two events in each fire mission were recorded by every data logger.

F ... Fire

Each data logger used "F" to mark the fir ing of the howitzer. Although originally planned
as part of the Cannoneers’ tasks, at the end of the first day it was apparent that the firing of the
howitzer was a useful marker to include in cvery data file. Analysis of the "F" key strikes in
each data file provides continuous calibration of the computer clocks among observers.

Early in the exercise, some variance was introduced in the recording of firing times by the
multiple cues for firing: the Chief of Section calls "fire", the No. 1 Cannoneer (Loader) pulls
the lanyard, and the howitzer goes off. Although we moved toward cuing on the muzzle blast,
there is inevitable andcipation based on the other cues. This anticipation sometimes caused
multiple "F" key strikes for a single round, especially on Monday of the second week, when an
inexperienced Loader had repeated misfires. We frequently hit "F" every time he pulled the
lanyard until he got the howitzer to fire. Usually, the last "F" key strike in a series is the correct
one.

On other occasions, multiple key strikes for "F" are spaced too closely (about 0.1 seconds)
to have been caused by confusion of events. These multiple strikes may have been caused by
key bounce or by operator reflex response to the concussion of firing. In these cases the first
key strike is likely to be correct.

Y . .. End of fire mission

Each days planned scenario consisted of multiple fire missions with 3 to 25 rounds each.

There were always 7 missions planned before resupply and 10 missions planned after. Each data
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iogger used "Y" to mark the completion of a fire mission. The primary function of "Y" is to
organize the data files. "End of mission" was not called in a manner consistent enough to
warrant timing. Either the time of the last round fired or the end of the last inspection
(swabbing) of the bore are better quantitative indicators of the end of mission for the purpose of
data analysis.

2.3. EVENTS RECORDED BY LOGGER NO. 1: MAINLY CANNONEER TASKS.
During fire missions, Logger No. | recorded the cannoneer tasks and the receipt and calling
out of fire mission orders. Many of the cannoneer tasks involve a team effort. A three-man
subgroup prepares and loads the projectiles. Twao of them carry the projectile on a tray and the
third trails with the ramrod. The Number One Cannoneer does not participate in loading the
projectile.  Another two-man subgroup prepares the propellant. One man stays near the
propellant tent while the other brings the propellant bag to the Numbe. One Cannoneer. The
Number One Cannoneer inserts the propellant into the chamber after the projectile has been
loaded, closes the breech, inserts a primer, latches the firing mechanism, attaches the lanyard, and
fires the howitzer by pulling the lanyard on command from the Chief of Section. After firing
the howitzer, the No. 1 Cannoneer opens the breech and swabs the bore in preparation for the
next round. Aside from the physical exertion required of the projectile handlers (the "ammo

humpers"), the No. 1 Cannoneer is usually the most active crewmember.

O .... Receive/call out fire mission

We used "O" to time the receipt and calling out of the fire mission. The first indication of
a fire mission is a shrill tone from the communications device on the left trail of the gun. Either
the Recorder (RTO man) or the Chiet of Section calls out "fire mission" and everyone else
repeats the phrase. Then the Chief of Section calls out each element of the orders and receives
confirmation from the designated crewmember(s). The last command called out was the quadrant
clevation, immediately preceded by the deflection. Logger No. 1 started "O" at the verbal
command "fire mission” rather than when the tone sounded. lLogger No. 1 ended "O" when the

quadrant elevation had been repeaied back by the Assistant Gunner.

L .... Load start (set tray)

The projectile tray has a leading lip that sets into the rim of the open breech of the howitzer.
The verbal command “scat" was used to coordinate the two cannoneers setting the tray into the
breech. Logger No. 1 used "L" to record this event. There was a visual cue as the cannoneers
hefted the tray into position as well as an audible clunk when the Jip of the iray hit the breech

rim. The line of sight from our vbservation point to the breech was nearly always obstructed at
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this moment by either the No. 1 Cannoneer, the Chief of Section, or the powder man bringing
the propeliant bag. Thus, the primary cue for the “L" key strike was the clunk of the projectile
tray hitting the breech.

For a normal fire mission, the elevation angle is small enough that full elevation does not
impair the ability of the projectile handlers to load the projectile. Thetefore, the timing of the
"L" event is not dependent on the timing of the elevate tube/level bubbles event or vice versa.
On the first round of a normal fire mission, the "L" event indicates the time taken for the
projectile handlers to prepare the projectile in response to fire mission orders and bring it to the
breech.

Generally, on second and subsequent rounds of a fire niission, preparation of the next
projectile is done by the time the previous round has been fired. In this case, the projectile
handlers are waiting with the projectile on the tray while the No. | Cannoneer swabs the breech
and inspects the tube to insure that the bore is clear of residue from the previous round.
Therefore, the preparation of the projectile is not a rate limiting event. However, procedural
differences were noted from crew to crew. Typically, the projectile handlers would bring the tray
within a few feet of (he breech during the swabbing of the breech and be ready to seat the tray
immediately after the No. | Cannoneer cleared the area. On some days, the projectile fandlers
were more cautious, waiting as far as 15 or 20 feet from the breech until the swab and bore
inspection were complete. This procedure required additional time for movement to the breech.

H .... Ram projectile

The sequence of verbal commands used by the projectile handlers was "seat, home, ready,
ram." Logger No. 1 used "H" to mark the audible clink at the end of the ram as the projectile
is seated (reaches its stopping point) in the chamber. An advance cue is provided by the
cannoneers beginning the ramming motion. The vigor of the ram and, therefore, the loudness
of seating the projectile varied from round to round. An inaudible seating usually caused the
Chief of Section to call for a second ram. In this case, we recorded both rams but use the second
as successful completion of loading the projectile.

The opportunity to record the ram event was recognized only after the first week of
observations. Therefore, data for the ram event was recorded only for Crews 2 and 3.

J ... Close breech; prime

As soon as the projectile handlers clear the breech area, the No. | Cannoneer inserts the
propellant bag and closes the breech. In preparation, the powder men must have cut the charge
to the required level, rewrapped the bag, brought the bag to the howitzer, verified the charge with
the Chief of Section, and handed the bag to the No. 1 Cannoneer. This preparation of the charge,
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especially at MOPP4, occasionally caused delay. Delay was most likely on the first round of the

fire mission since the charge was not known in advance. On subsequent rounds, if all was going i
well, the No. 1 Cannoneer would finish swabbing the bore from the previous round, turn around, 0

B -(E )

and be handed the next prepared powder bag immediately. Delay became more likely as the 8)
crew dropped below the full complement of ten men. When the crew was down to seven, the

e e e N e e i e

No. 1 Cannoneer would make the trip to the powder tent himself and sometimes do the cutting &

o
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or preparation of the charge.
Logger No. 1 started the "J" interval when the breech was slammed shut. The motions of

L

the No. 1 Cannoneer were usually visible, but the main cue was the audible slamming of the
breech. Locking the breech was also usually audible but "J" was normally already started. The
complex motions and sounds of the breech closing probably increase the variance of recording

|

this event. The No. 1 Cannoneer next reached for a primer, inserted the primer, closed the
primer latch, and stepped back. The stepping back movement was usually accompanied by a

reach for the lanyard which was either draped around the No. 1 Cannoneer’s neck o lying

o T

nearby. The stepping back movement varied considerably from man to man. Nevertheless, the
clear establishment of movemcnt away from the breech was used as the cue to end "J".

[
;L B

Alternatives were no better. Difficulties closing the primer latch necessitated repeated closing
attempts, making latch closure an unsuitable marker. Also, the "primed" report from the No. |

Canrnneer was not consistently audible,

Interpretation of the "J" interval is complicated by differences in the location of unwrapped

primers relative to the No. 1 Cannoneer. Usual procedure is to take the primers from a cardboard

box located on the right trail five or six feet from the breech. During some tests, however, the

US Army Human Engineering Laboratory (HEL) was testing the utility of a privaer rack located

about two feet from the bicech. Another complication is that during one period of reduced crew

size, an inexperienced No. | Cannoneer did not have the primers prepared in advance and was

removing the foil wrapper from each primer during the "J" interval.

In summary, we used the "J" interval to record the time taken to prime the howitzer

measured from the closure of the breech to the definite establishment of movement away from

the breech by the No. 1 Cannoneer after closing the primer latch. It does not include the time

to attach the lanyard to the firing mechanism which occurs at the command standby.

I .... Open breech/swab bore
Immediately after firing the howitzer, the No. 1 Cannoneer detaches the lanyard, opens the

breech, and reaches for the swab in generally continuous motion. Logger No. 1 started the "I"

interval at the audible sound of the breech being unlatched. There were no apparent glitches

from mechanical problems or human error tnvolved in this step; however, the line of sight was




frequently obstructed by the Chief of Section or a Range Safety Officer. Since the opening of
the latch was not loud, additional variance is introduced in the start of this interval. The No. 1
Cannoneer takes the water laden swab, plunges the bore, wipes the breech block, inspects the
breech and tube for foreign material, and replaces the swab in the water bucket just inside the
left trail of the howitzer. Logger No. 1 stopped the "I" interval as he placed the swab in the
bucket.

When the crew was performing near top speed, the projectile tray would be set in the breech
("L") at the same time or ¢ven before the swab was placed in the bucket. Some variance on the
part of the data logger in both ending "I" and recording "L" is undoubtedly introduced under
_these circumstances by the unpredictability of which button needs to be pushed first. When "L"
is separated by a second or so from the end of "I", this effect should be negligible.

After the last round of a fire mission, the No. 1 Cannoneer takes a little extra time to swab
the breech and visually examine the bore of the howitzer.

2.4. EVENTS RECCRDED BY LOGGER NO.2: MAINLY GUNNER TASKS.

During fire missions, Logger No. 2 recorded the Gunner tasks and the comrnand "Standby"
delivered by the Chief of Section. The Gunner tasks from the observers vantage point provided
only visual cues based on somewhat indistinct motions. Familiarity of the observer with the
mechanics of the gun sight was essential. We frequently had two observers recording Logger
No. 2 data. There is usually general agreement between the two observers but occasionally
significant differences. The variance between two observers is indicative of the indistinctness

of the visual cues that consist of relatively minor head and hand motions.

U .... Set deflection

On receipt of the four-digit deflection tor the fire mission, the Gunner tums a crank (azimuth

knob) located on his right at eye level on the panoramic telescope to adjust a mechanical register

{the azimuth counter) to the detlection setting, Logger No. 2 used "U" to record the time at
which the gunuer put his hand to the crank. The Gunner had available an electronic display of
the deflection setting for the mission allowing him to set the deflection before receiving the oral
numbers from the Chief of Section.

Note that the time to sct the deflection must be found by calculating the interval from the

impulse event "U" to the beginning of the "P" interval as discussed below.

P .... Traverse tube/level bubble
Immediately after setiing the deflection numbers on the azimuth counter, the Gunner moves

his right hand to a crank handle on a large wheel located to his right side at about wais! level.
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Turning this wheel traverses the gun to the correct azimuth (deflection). To know when he has
reached the correct deflection, the Gunner must look into the gun sight {the panoramic telescope,
a periscope-like device) to align his crossbairs with a survey marker. Final setting of the traverse
is done by adjusting the wheel with the right hand while peering into the gun sight. When the
gunner is finished with this task, he moves his hand from the wheel and pulls his head away
from the sight. The nature of these moves varies from one Gunner to the next.

Logger No. 2 started "P" when the Gunner began turning the hand wheel to accomplish the
traverse. Logger No. 2 ended "P" when the Gunner took his hand off the wheel and stepped
back from the gun sight.

Note that the beginning of the "P" interval marks the end of the set deflection event since
the Gunner traverses the tube immediately after seiting the deflection. For analysis, the time 10
set the deflection will be calculated by finding the difference between the impulse event "U" a..d
the initi tion of the continuous event "P".

See "K .... Check sight picture" below for a discussion of the definition of cnd of the
traverse. The measurement was treated differently for Crew | than for Crews 2 and 3.

R ... Stundby

Logger No. 2 used "R" to record the verbal command standby delivered by the Chief of
Section. All fire missions in this exercise were conductcd unaer the sp=cial instruction "at my
command." Under this procedure, the No. | Cannoneer primes the howitzer but does not attach
the lanyard until the Chief of Section determines that all is ready. This procedure permits the
Range Safety Ofticer to conduct a safety check prior to clearing the howitzer to be fired. At the
command standby, the No. 1 Cannoncer attaches the lanyard and at the command fire from the
Chief of Scction, he pulls the lanyard. These two commands are usuvally delivered about a
second apart during which time the Chief of Section glances around to be sure that all personnel
are clear of the howitzer recoil.

Two of the Chiefs of Section drew out the standby command as two long syllables with
cmphasis on the second. A systematic variance would occur between observers who key on
different syllables. This issue was not recognized or discussed by the observers during the

exercise,

K ... Check sight picture

Alter each round is fired, the Gunner mus: check to see that the howitzer is still on the
proper deflection angle, that is, that the gun sight’s cross hairs are still aligned. He steps back
to the gun sight and makes any necessary adjustmments in iraverse to realign his sight piciurc. 'We
started "K" when the Gunner put his head to the sight and ended "K" when he stepped back from
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the sight.

Because of inexperience among the team of observers and ambiguity in instructions, Logger
No. 2 changed the procedure for recording traverse tube and check sight midday on Monday of
the second week. The ambiguity arose because the Gunner pauses after executing the traverse,
to wait for the Assistant Gunner to complete elevation of the tube, before checking the sight and
making final adjustment of the deflection angle if necessary. During the first week and on
Monday moming of the second week, Logger No. 2 terminated the traverse tube event at the
start of the pause and switched to the check sight event at the end of the pause when the Gunner
made the final adjustment of the deflection angle. Starting on Monday afternoon of the second
week, Logger No. 2 extended the traverse tube cvent to encompass the pause and the final

adjustment of the deflection.

2.5. EVENTS RECORDED BY LOGGER NO. 3: MAINLY ASSISTANT GUNNER TASKS.

During fire missions, Logger No. 3 recorded the Assistant Gunner tasks and the safety
checks imposed by range safety procedures. From our vantage point, the Assistant Gunner tasks
provided only visual cues based on somewhat indistinct motions. QObservations were further
inhibited by our position relative to the Assistant Gunner. The Assistant Gunner’s right arm was
away from us since he was on the right side of the howitzer facing toward the gun tube while
we were 30 m or so to the left rear of the breech. Also, the Assistant Gunner checks bubble-type
level indicators to set the elevation of the gun rather than looking into an eyepiece. Tt was not
pt le to distinguish with any reliability his glances to see if the bubbles still indicated level
after cach round was fired.

Familiarity of the observer with the mechanics of the howitzer was again essential. We
frequently had two observers recording Logger No. 3 data. There is usually general agreement
between the two observers but also significant differences. The variance between two observers
1s indicative of the indefiniteness of the visual cues consisting of relatively minor head and hand

motions viewed from a distance.

Q ... Set quadrant elevation (QF) on range quadrant

The Assistant Gunner receives a 3 or 4 digit elevation angle (in milliradians or "mils") which
ke sets into a mechanical register (part of the range quadrant) by turning a small crank at about
eye level with his right hand. When the correct value is sct, the Assistant Gunner vigorously

o
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turiis a medium-sized crank wheel to hydraulically buing t h

ine gun tuce o e proper clevition
angle.
Logger No. 3 used "Q" to mark the time at which the Assistant Gunner reached for the small

crank to set the elevation angle into the mechanical register. To conserve key strokes for the
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observer, the end of the set elevation task is taken as the beginning of the elevate tube ("E")
. . interval since there is no significant delay between the two tasks. Thus, for analysis, the set

e elevation task time is calculated as the interval between the impulse "Q" event and the beginning o
i of the "E" interval, »

The Assistant Gunner receives the quadrant elevation angle in two ways, first as a digital %
display on a small, gun display unit (GDU) to his left on the right trail of the howitzer and,
second, as a verbal command from the Chief of Section. The experienced crewmembers would

read the elevation from the display, enter it, and frequently elevate the tube by the time the Chief
() g of Section called the elevation. In this case, the Assistant Gunner would repeat back the verbal
{ command followed by the response "set” to indicate completion of the task. Occasionally, an
inexperienced crewmember rotated to the Assistant Gunner position would wait for the verbal

comnmand before setting the elevation on the range quadrant and elevating the tube.
'l Often, the Assistant Gunner was zided in his tasks by the Gunner. Zone and sweep missions
i require frequent changes in aim point and high angle missions require the tube to be depressed
: _ after every round for loading and then to be re-elevated for firing. For these missions,
' . particularly, the Gunner would use a duplicate elevation crank wheel on his side of the howitzer
to assist with the work load of the Assistant Gunner. Finally, when the number of crewmembers .
had been reduced by heat exhaustion, the Gunner would assume all tasks of the Assistant Gunner ¥
as well as his own.

Such variations in procedure coupled with frequent passage of other crewmembers through
the observer’s line-of-sight to the Assistant Gunner will contribute to the variance of measured

; times for the set elevation event.

E ... Elevate tube/level bubbles

Logger No. 3 started the interval "E" when the Assistant Gunner (or Gunner) reached for and
began turning the crank to elevate the gun tube. This time also marks the end of the ser
elevation ("Q") event since the Assistant Gunner would go directly from setting the elevation to
clevating the tube. Logger No. 3 ended the "E" interval when the Assistant Gunner indicated his
satisfaction with the elevation of the howitzer tube by taking his hand off the elevation crank
wheel and taking one step back from the howitzer. This interval includes the time for the
Assistant Gunner to verify that the range quadrant bubbles indicate level.

The original inent was io use thie "E" interval to record the time taken for the Assisiant _
Gunner to level the bubbles on the range quadrant after each round was fired. We found, e

however, that there were not sufficient visual cues to time this task. Furthermore, consultation

"‘ with an Assistant Gunner verified that, as a rule, no adjustments were required. His glances at

16




tiie bubbles to check for a level condition were not apparent to us, so we gave up timing this
verification task.

For high angle missions, the elevation angle of the tube must be lowered after firing to allow
loading of the next projectile. (See "D* below.) Logger No. 3 used the "E" interval to racord
the time taken to return the elevation to the proper angle for the next firing. For the zone and
sweep missions, the aim point is adjusted in a regular fashion during the firing of the 25 rounds.
Logger No. 3 used "E" to time the corresponding changes in elevation for either increases or
decreases in elevation angle.

The variations in procedure between the Assistant Gunner and the Gunner and the less than
optimal line-of-sight to the Assistant Gunner’s position will contribute to the variance of
measured "E" intervals as discussed above under the description of the "Q" task.

D .... Depress tube for loading

For high angle missions, the howitzer tube must be depressed (have its elevation angle
lowered) after each round js fired to aliow the Cannoneers ic load and ram the projectile for the
next round. After a successful ram is achieved, the tube must bc returned to the required
elevation.

Logger No. 3 started the "D" interval when the Assistant Gunner (or the Gunner) began
turning the crank wheel to lower the elevation angle. We ended the "D" interval when turning
of the wheel to lower the angie ceased. Note that in contrast to the "E" event which must bring
the elevation angle to the ordered value for the fire mission, the "D" event does not require a fine
adjustment of angie at the end for loading.

S ... Safery check

Range safety procedures reguired a formal verification of the aiming or laying of the gun by
safety personnel and an announcement of impending live fire by two loud whistles before the
first round of each mission could be fired. We used the interval "S" to time this procedure for
later removal trom the overall mission time.

Logger No. 3 started the "S" interval when the No. 1 Cannoneer had primed the howitzer
for the first round of each fire missior.. The start of "S" should therefore coincide with the end
of the "J" (close breech; prime) interval as recorded by Logger No. 1. At this point the Gunner
has already reported "ready” to indicate that both the defiection and elevaiicn angles are set
properly. The Chief of Section, noting that the howitzer is primed and the No. 1 Cannoneer is
at attention, reports "gun safe an. .eady to fire." Safety checks are then made. After the Range
Safety Officer is satisfied that the howitzer is aimed within the physical limits of the safety range
fan, he blows two whistles and the Chief of Section gives the crder standby to ihe gun crew.
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We end the "S” interval at the standby command. Therefore, the end of "S" should correspond ® W
to the standby event "R" as recorded by Logger No. 2. e
Occasionally, a primer misfire, an aircraft overflight, or a boat intrusion on the firing range :
would require an intervention and check fire by the Range Safety Officer. We used "S" to time ® ®
these intervals as well. Logger No. 3 started "S" as soon as we became aware of the problem
(a somewhat variable event) and ended "S" with the subsequent standby commiand. X
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SECTION 3
EVENT DATA

This section discusses data reduction and reconciliation procedures leading to prucessed
data files that contain final mea™-=d times for each of the events described in Seciion 2. This

section also describes event timel...as constructed for each fire mission from these data files.

33 3.1. DATA REDUCTION AND RECONCILIATION.

» Figure 3-1 provides an overview of the data processing and analysis procedure
, highlighting the data reconciliation steps. During field collection of the data, events to be
recorded were divided among three primary hu.ran observers or data loggers (McClellan, 1992).
On certain exercise days, fourth and sometimes fifth daia loggers provided backup measurements
for one or two of the three primary loggers. Events recorded by each of the data loggers are
described in Section 2. Data reduction begins with a time correction to the field-coliected data

from each of the data loggers. The time corrections are made according to computer clock
calibrations described in Volume 1 of this report. Briefly, a linear correction formula derived
from recorded howitzer firing times is used to synchronize each computer clock to the computer
used by Logger No. 1.

The time-corrected data files are used 1o generate preliminary event Jistings and to
construct preliminary graphical representations of the data in the form of timelines for each fire
mission. Where there is a backup data logger, the preliminary listings and timelines include the
redundant measurements for comparison.

B m

The preliminary listings and timelines were examined manually to reconcile redundant
measurements, eliminate errors when possible, and select a final measured time for each event.
The reconciliation process is discussed further in Volume 1. Final, reconciled event data files
! for each primary logger are the result of this process.

3.2. EVENT TIMELINES FOR FIRE MISSIONS.

As indicated in Figure 3-1, reconciled event data for the three primary loggers is merged
o into two event data files for each day of the exercise, one file for fire missions before resupply
and one for fire missions after resupply. The time origin for the data files is the "move to firing
point” order (see McClelian, 1992). Final event timelines for each fire mission are constructed

- from these merged event files. Figure 3-2 shows an example of such a tim fo issi

zline for Firc Mission
9 of Crew 3 in MOFP4-R. the last firc mission of the exercise. Impulse events are marked by
filled triangles and continuous events are marked with horizontal lines. Event times correspond

to the lower tips of the triangles and to the vertical hash marks at either end of the lines.
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Appendix A presents a timeline for each fire mission analyzed in this report, that is. all
& ‘ fire missions except the high angle and zone and sweep types. The visual presentation provided
) by the tmelines is quite useful for a quick impression of the flow of events and provides a

convenient reference for examining anomalies encoentered in the analysis of task times derived
from the data. Anomalizs such as the double vam in Figure 3-2 can frequently be corrclated with
comments recorded by the data loggers during the excrcise. These comments are included fire
mission-by-fire mission in Appendix B. In addition, the timeline plots are accurate and provide
4 quantitative representation of the event data.

Crew 3 - Fire Misslon 9 - Friday (28 Aug 92)

Orders oo

Set Defi v

Traverse S——
Chi Sight

Set Elev v

Clevate —_—— e
Depress

Load v v \4
Raix v w v
Cle Brei —

» Sefe Chk —
o Standby v
[ Fire v v
Opn Breh —

— e,

T T

—r——r —

S&50 5400 5450 5500 5550 58
Time, s

Figure 3-2.  The timeline for mewsured events from Fire Mission 9 of Crew 3 in MOPP4-R.
See Appendix A for an explanativa of evert abbreviations and the origin of the
time coordinate.
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SECTION 4
DEFINITION AND ANALYSIS OF TASK TIMES

Times recorded in the field correspond to events that are readily discernible by the observers.
These event times are used in subsequent analysis to calculate the task times of interest for
crewmember performance. This section presents task definitions in terms of the events recorded
during the M 198 howitzer fire missions. Then, task times are analyzed and compared across
crews for each crew posture following the analytical procedures developed in Volume 1. Finally,
baseline task times for calculating performance in MOPP4 are derived from the BDU data.

4.1. M198 TASK DEFINITIONS.

The following paragraphs describe each M198 howitzer crew task defined from the recorded
events presented in Section 2. The recorded events are of two types, impulsive and continuous.
The continuous events correspond to tasks or groups of tasks of direct interest for describing
M198 fire missions. On the other hand, the impnlsive events of Section 2 provide only the
beginning or end of a task. For impulsive events, the task time to be calculated is the interval
between the impulsive event and some other recorded time. The other time may be a second
impulsive event or the start or end time of a continuous event. Table 4-1 summarizes how each
task time is calculated from the recorded event times. Here, and elsewhere in this report, event
names are in italics and task natnes are bolded.

Relay Orders

The relay orders task time is the duration of the receive/call out fire mission contirous
event as described in Section 2.3. The beginning of this task is the beginning of the fire mission;
a sequential network analysis based on our measurements may be referenced to this time point.

Begin Set Deflection

The begin set deflection task time is the time taken for the Gunner to respond to the fire
mission orders and begin to set the deflection angle. It is calculated as the time interval from
the start of the receivescall out fire mussion continuous event to the set deflection on sight
impulsive event. The begin set deflection task time can be negative, since the Gunner may
obtain the deflection from his gun display unit (GDU) before the Chief of Section begins calling
out the orders. The time will be in the 10 or 20 second range if the Gunner waits to receive the
deflection angle oraily.
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Table 4-1. Deflaition cof tasks (in bold) for M198 howitzer fire missions in terms® of ® o
field-recorded events (in italics). .
Relay Orders = Duration[Receive/call out fire mission) @
Begin Set Deflection = Time[Ser deflection on sight] - Start{Receive/call out fire mission) Y
Set Deflection = Start[Traverse tuberlevel bubble] - Time[Set deflection) x|
Traverse Tube = Duration[Traverse tube/level bubble)
Begin Set Elevation = Time[Set QF on range quadrant] - Start[Receive/call out fire mission]
Set Elevation = Start{Elevate tube/level bubbles] - Time{Set QF on range quadrant} ®
Elevate Tube = Duration[Elevate tube/level bubbles)
-Begin First Load = Time[Load start (set tray); 1st round®] - Start[Receive/call out fire mission]
Load Projectile = Time[Ram projectile] - Time[Load start (set tray))
Load First Powder = Start{Close breech/prime; 1st round] - Time[Ram projectile, 1st round) ©

Load First Projectile
and Powder* = Start{Close breech/prime; 1st round] - Time[Load start (set tray); 1st round]

Lock Breech and Prime = Duration[Close breech/prime]

Fire = Time[Fire] - Time[Standby)] ®
Open Breech = Start[Open breech/swab bore] - Time|Fire]; except last round of fire mission.
Swab Chamber = Duration[Open breech/swab bore]; except last round of fire mission.
Check Sight = (X Duration|Check sight picture; all rounds]}/(# of rounds - 1)
Begin Reload = Time[Load start (set tray); repeat rounds’] - End{Open breech/swab bore] ® e
Reload Powder = Start[Close breech/prime; repeat rounds] - Time[Ram projectile; repeat
rounds]
Reload Projectile
and Powder* = Start[Close breech/prime; repeet rounds) - Time[Load start (set tray); repeat
rounds] o
Last Open Breech = Stant[Open breech/swab bore] - Time[Fire]; last round of fire mission only.
Swab and Inspect = Duration{Open breech/swab bore]; last round of fire mission only.

*The square bracket notations in the tabie have the following meanings:
Time[event] = recorded time of an impulse event. b
Start{evenr] = starting time of recorded interval for a continuons event,
End[event}] = ending time of recorded interval tor a continuous event.
Duration{event] = duration of recorded interval for a continuous event.

*1st round = first round of a fire mission. ®
“This task is a combination of the two preceeding tasks. See text for discussion.

‘repeat rounds = serond and succeeding rounds of a fire mission.
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Set Deflection

The set deflection task time is the time taken by the Gunner to enter the deflection angle on
the gun sight as described in Section 2.4. It is the time interval between the ser deflection
impulsive event and the start of the traverse tube/level bubble continuous event.

Traverse Tube

The traverse tube task time is the duration of the traverse tube/level bubble continuous event
as described in Section 2.4. For the Crew 1 data, traverse tube includes just the time to turn
the hand wheel in the accomplishment of the gross moation of the howitzer tube through the
required deflection angle. For Crews 2 and 3, traverse tube also includes the final check of the
deflection angle and any intermediate pause for the completion of the tube elevation.

Begin Set Elevation

The begin set elevation task time is the time taken for the Assistant Gunner to respond to
the fire mission orders and begin to set the quadrant elevation angle. It is calculated as the time
interval from the start of the receive/call out fire mission continuous event to the time of the set
QF on range quadrant impulsive event as described in Section 2.5. The begin set deflection
task time can be negative, since the Assistant Gunner may read the elevation angle from his GDU
before the Chief of Section begins calling out the orders. It will be in ti:2 10 or 20 second range
if the Assistant Gunner waits to receive the clevation angle verbaliy.

Set Elevation

The set elevation task time is the time taken by the Assistant Gunner to enter ihe elevation
angle on the range quadrant as described in “ection 2.5. It is the time interval between the set
QF on range quadrant impulsive event and the start of the elevare tube/level bubbles continuous
event.

Elevate Tube

The elevate tube task time is the duration of the elevate tube/level bubbles continuous event
as described in Section 2.5.

Begin First Load
The beyin first lond task time is the time taken by the projectile handlers to prepare the first
projectile in response to the fire mission orders and bring it to the howitzer as described in

Section 2.3 It is calculated as the time interval from the start of the receive/call out fire mission
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continuous event to the time of the load start (seat tray) impulsive event for the ist round of the
fire mission.

Load Projectile

The load projectile task time is the time taken by the projectile handlers to ram the projectile
into the chamber after seating the projectile tray in the breech of the howitzer as described in
Section 2.3. It is calculated as the interval from the time of the load start (sear tray) impulsive
event to the time of the ram projectile impulsive event. There is no distinction for this task
between the first round of a fire mission and subsequent rounds.

Load First Powder

The load first powder task time is the time taken by the No. 1 Cannoneer after the first
projectile of the fire mission has been loaded to place the powder (propellant) bag into the
chamber and close the breech as described in Section 2.3. The time is calculated as the interval
from the time of the ram projectile impulsive event to the start of the close breech/prime
continuous event. This task time encompasses the insertion of the powder into the breech as well
as any prior wait time if the powder bag has not reached the No. 1 Cannoneer by the time the
projectile has been loaded. This wait time is likely to be more significant on the first round of
a fire mission than on subsequent rounds because the size of the charge must be gotten from the
mission orders for the first round, whereas the same charge is used on subsequent rounds.

Load First Projectile and Powder

The load first projectile and powder task time is the sum of the load first projectile and
load first powder task times. It is calculated as the interval from the time of the load start (seat
tray) impulsive event fcr the first round of the fire mission to the start of the close breech/prime
continuous event for the same round. This combined task is included for two reasons. First, the
ram projectile impulsive event was not recorded for Crew 1, so there is no way to separate the
tasks for the Crew 1 data. Second, the questionnaire assessment of performance degradation
given to the crew members during the exercise included only the lumped task time.

Lock Breech and Prime

The lock breech and prime task time is the duration of the close breech/prime task as
described in Section 2.3.

25

©




Fire

The fire task time is the time taken by the No. 1 Cannoneer to attach the lany.rd in response
the command "standby" from the Chief of Section and then fire the howitzer in response to the
"fire" carnmand from the Chief of Section. It includes time taken by the Chief of Section to
verify that all personnel are clear of the recoil. It is calculated as the interval between the time

of the standby imgpulsive event and the time of the fire impulsive event.

Open Breech

The open breech task time is the time taken by the No. 1 Cannoneer after he has fired the
ho sitzer to detach the lanyard from the firing mechanism and unlatch the breech block. It is
calculated as the interval from the time of the fire impulsive event to the start of the open
breech/swab bore continuous event. Frequentiy, this task time is longest after the last round of
the fire mission, presumably because the Loader relaxes somewhat after the last round is fired.
Therefore, in this analysis, open breech refers the task for all rounds except the last of a fire
niission.

Swab Chamber

The swab chamber task time is the time taken by the No. | Cannoneer to retrieve the swab
from its water bucket, plunge the bore, wipe the breech block, and return the swab to the water
bucket after each round of a fire mission except the last. It is calculated as the duration of the
open breech/swab bore continuous event as described in Section 2.3. After the final round of a
fire mission, the No. 1 Cannoneer performs the same task with a little more care and also

visually inspects the bore; this task after the last round is analyzed separately.

Check Sight

The check sight task time is the time taken by the Gunner to verify that the howitzer tube
15 at the correct deflection angle (sight picture) after each round is fired (except the last, of
course). For each round it is the duration of the check sight picture continuous event as
described in Section 2.4. As far as the observers were concerned, this task was the least well
defineq, offering the poorest cues for reliable measurement. As a result, two observers usually
varied substantially in their recording of this task. As a consequence, we are analyzing only the
mean task time per round for each fire mission. Even this mean has substantial variance across
fire missions and should not be used for any critical purpose. Fortunately, che -k sight was never
observed to be a critical event in the sense that any other task was delayed because of it. As

analyzed here, it is estimated as the sum of the durations of al check sight picture continuous
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events during a f{ire mission divided by the number of rounds in the fire mission less one (the
last).

Begin Reload

The begin reload task time is the time taken by the projectile handlers to seat the projectile
tray in the breech in preparation for loading the next round after a round is fired and the chamber
1s swabbed as described Section 2.3 It is calculated as the time interval from the end of the open
breech/swab bore continuous event to the time of the load start (seat rray) impulsive event on
second and successive rounds of the fire mission. This time is usually much shorter than the
begin first load task time.

Reload Powder

The reload powder task time is the time taken by the No. 1 Cannoneer after a round has
been fired and the next projectile of the fire mission has been loaded to place the powder
(propellant) bag into the chamber and close the breech as described in Section 2.3. The time is
calculated as the interval from the time of the ram projectile impulsive event to the start of the
close breech/prime continuous event. This task time encompasses the insertion of the powder
into the chamber as well as ~ny prior wait time if the powder bag has not reached the No. 1
Cannoneer by the time the projectile has been loaded.

Reload Projectile and Powder

The reload projectile and powder task time is the sum of the reload projectile and reload
powder task times. It is calculated as the interval from the time of the load start (seat tray)
impulsive event after a round has been fired to the start of the close breech/prime continuous
cvent for the next round. This combined task is included for two rcasons. First, the ram
projectile impulsive event was not recorded for Crew 1, so there is no way to separate the tasks
for the Crew | data. Second, the questionnaire assessment of performance degradation given to
the crew members during the exercise included only the lumped task time.

Last Open Breech

The last open breech task 1ime is the time taken by the No. 1 Cannoneer after he has fired
the last round of a fire mission to detach the lanyard from the firing mechanism and unlatch the
breech block. It is calcuiated as the interval from the time of the fire impulsive event to the start
of the open breech/swab bore continuous eveni. Frequently, the task time is longest after the last
round of the fire mission, presumably because the Loader is no longer under pressure to make
way for the next projectile. Therefore, the task time after the final round is analyzed by itself.
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Swab and Inspect

The swab and inspect task time is the time taken by the No. 1 Cannoneer after the last
round of a fire mission to retrieve the swab from its water bucket, plunge the bore, wipe the
breech block, visually inspect the bore, and return the swab to the water bucket. It is calculated
as the duration of the open breech/swab bore continuous event after the last rous:d as described
in Section 2.3. This task time is generally icnger than the swab chamber task time because of
the added visual inspection of the bore and because the pressure of executing the fire mission has
ended.

4.2, TASK TIMES.

Task comp:etion times for the above defined tasks are calculated from the recornciled event
data described in Section 3. As illustrated in Figure 3-1, task time data files are used for
regression analysis of task time variations and for calculation of performance versus tiric in
MOPP4. This subsection describes the analysis of the task times.

4.2.1. Regression Analysis of Task Times.

Task time data is presented fully in Appendix C. For each task and each crew posture,
Appendix C provides two figures and two tables summarizing regression analysis of the
corresponding task time data. These figures and tables follow analytical procedures and formats
similar to those developed in Volume 1 for the analysis of time te first round and time between
rounds. Figure C-1 shows measured task completion times for relay ord 2rs plotted verse-
scenario time (see Appendix A) for ecach crew in BDU, Figure C-2 shows the aggregated data
from Figure C-1 plotied versus fire mission number, the repetition number for this task.

Each plot in Figures C-1 and C-2 includes » regression line with a 68% confidence band.
Table C-1 presents a statisiical suramary for these regression lines. The task time data for relay
orders and most other tasks have been transformed with the log,, function to improve the
normality of the distributions for regression analysis. The rational for this transformation is
presented in Volume 1. Figure 4-1 presents added evidence that the logarithmic trans{ormation
improves the normality of the task time data.

Figure 4-1 compares chi-squared tests of the normality of the aggregate reload powder task
completion times for Crews 2 and 3 with crewmembers in BDU. This task is chosen because
there is reasonable consistency between the two crews and little change in task time over the
scenarios. The chi-squared test shows that there is only a 1.7% chance of obtaining the observed
asymmetry of the distribution of the untranstormed task time data in such a trial if the
untransformed data were normally distributed. On the other hand, there is 9.8% chance of
obtaining the observed distribution if the log transformed data were normally distributed. For
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Normality of Task Time Distribu ‘ons - ]
Reload Powder Crews 2 and 3: BDU

Figure 4-1.  Chi-squared test for normality shows that the reload powder task time distribution
is more nearly log v mal (b) than normal (a); () compaies on same time scale.
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the chi-squared tests, data outside the indicated limits on the tails of the distribution have been
lumped into single bins. The comparison in Figute 4-1c shows that the log normal curve (solid
line) better describes the tails of measured distribution.

Plots in Appendix C for the transformed task times are semilogariti.nic, as in Figures C-1
and C-2, so that regressiun results appear as straight lines.Only three tasks have not had their
times transformed: begin set deflection, begin set elevation, and begin reload. These "task
times" measure the start of a task relative to another event time. They are actually delays or
relative times rather than task completion times. For reasons discussed in the task definitions
above, these quantities may be negative, rendering the log transformation impossible. For these
three tasks, the data is analyzed without transformation and both axes of the corresponding plots
in Appendix C are linear. Although not proper task times, the data are included for completeness
since the "tasks" are under the control of crewmembers and are needed for a sequential network
analysis of the crew operation.

Table C-1 includes the constant and slope with standard errors for each regression line in
Figures C-1 and C-2. Since task times arc measured in seconds and the relay orders data are
transformed before regression analysis, the constant and its standard error are in units of
log(seconds). The slope and its standard error are in log(seconds) per hour for Figure C-1 and
in log(seconds) per fire mission for Figure C-2. Other quantities in Table C-1 have appropriate
corresponding units.

The figures and tables in Appendix C for the tasks with crewmembers in BDU have the same
format and units as those for relay ovders if their task times have been log transformed. For the
three tasks for which times are not transformed, the constant and its standard error are in units
of seconds; the slope and its standard error are in units of seconds per hour for the individual
crew plots and seconds per fire mission for aggregate plots.

The figures and tables for task data with crewmembers in MOPP4 (both -S and -R) differ
from the BDU data in one respect. For the MOPP4 data, the independent variable for the
regression analysis and the abscissa for all plots is time in MOPP4. Thus, slopes are either in
log(seconds) per hour or seconds per hour depending on whether the task time data is
transformed or not. Scenario time and time in MOPP4 differ by only a few minutes as discussed
in Appendix A.

4.2.2. Analysis of Variance and Aggrepation of Crew Data.

Table C-2 presents an analysis of variance (ANOVA) for the relay orders data from the
three crews. The final entry in the table, the "Prob. Value of F", is a statistical measure of the
probability that the observed differences of task time distributions from crew to crew would occur
randomly if the crews had identical performance characteristics. If "Prob. Value of F" is greater
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than or equal to .05, then the observed differerces are judged insignificant. It is then statistically
valid to aggregate the data from all crews and assert that aggregate results are characteristic of
the crews.

If "Prob. Value of F" is less than .05, then the performance of the crews cannot be
considered equivalent. Table C-2 shows that "Prob. Value of F" is less than 10 for relay orders
in BDU. Indeed, inspection of Figure C-1 shows clear differences among the crews with Crews
1, 2, and 3 having successively lower task times. Appendix C presents aggregate plots and
regression analyses even when "Prob. value of F" <.05 since it is sometimnes useful to have a
single performance representation even if crews are not equivalent.

Agpregate data in Appendix C for crews in BDU is presented and analyzed as task time
versus repetition number rather than task time versus scenario time. This choice follows the
observation in Vclume | that overall crew performance in BDU as measured by time to first
round and time between rounds shows a tendency to improve somewhat during each day’s
scenario. This improvement is attributed to a practice or warmup effect and is presumably
related to the number of repetitions of the task rather than to time elapsed during the mission
scenario. Aggregate plots as well as individual crew plots for data with crewmemuers in MOPP4
are presented and analyzed versus iime in MOPP4 since performance degradation due to heat
stress is expected to be more important than practice or warmup effects.

The straightforward ANOVA test for equivalency of crews does not consider the variation
of crew performance over time or repetition number. When there are changes over time, the
distributions will be broadened and the ANOVA will tend to underestimate crew differences.

4.2.3 Outliers.

The distribution of times measured for a given rask will inevitably contain outiiers, that is,
points that deviate an unreasonable amount from the mean of the distribution. If the task times
(or their logarithms) are normslly distributed, then the significance of a deviation can be judged
quantitatively with a statistical test. Outliers are identified by setting a probability threshold
below which values are unlikely to belong to a normal distribution of measured times for the
given sample. Alternatively, observations regarding exaaneous factors affecting the data may
be used to designate cutliers.

The analvsis in tnis volume includes a careful treatment of outliers. Measurements for each
task have been examined and correlated with field comments (Appendix B) recorded by the data
loggers. Appendix D contains a detailed discussion of the rational for the designation of outliers
for each task time.

Outliers may result from either observer error or crew error. Whenever poss ‘e, observer
errors have been eliminated from the data with redundancy and consistency checks.. However,

31




Fe

ey

since not all data had redundant measurements, there are likely to be undetected observer errors
present in the reconciled data. Further elimination of such errors could be accomplished by
analysis of the videotape record of the exercise. This procedure, essentially requiring a complete
remeasurcment of all event times, would be labor intensive and has not been done. Present
analysis is based on the assumption that observer errors do not make a dominant contribution to
the variance of task times. Special cases in which likely observer errors can be eliminated by
defining cutliers are noted in Appendix D.

An outlier from crew error may result from a procedural change or an outright blunder by
one or more crewmembers. Outliers of this type are infrequent when the crew is well trained

.and using well designed equipment. Such ocutliers are an important part of crew performance

analysis if they adversely impact crew survival, however, they are not of primary importance
when general performance degradation from a battleticld stressor is the central issue, as it is in
the present study of artillery crew performance.

Field notes taken by observers during the exercise are an important source of information to
identify outliers caused by crew errors. For example, on a few rounds (out of 581), the ram was
not sufficiently vigorous to properly seat the projectile in the chamber of the howitzer. On these
occasions, the ram was repeated at the command of the Chief of Section. On one occasion with
the crew in MOPP4, no one noticed an ineffective ram and the projectile subsequently fell out
of tuc breech onto the ground as the projectile handlers started to moved away. Such errors are
always corrected by the crew and were usually noted in writing by the observers. When the
correction process requires substantial time, the resulting task time outlier can be correlated with
the written comments by the observers.

Appendix B presents a transcription of notes taken by the observers who logged task time
data during the cxercise. Although these notes are certainly not exhaustive, they frequently
explain obvious outliers.

Finally, consideration must be given to maintaining consistency in the task time being
measured. In certain instances, procedural changes caused significant variation in task time. The
dominant cause is the loss of crewmembers during the MOPP4 exercises and the subsequent
adjustment of task load among crewmembers. Whenever possible, outlier limits are chosen to
maintain consistency in the task time being measured for an individual crewmember. In this
way, calculated performance degradation is relevant to individual tasks and does not reflect the
higher order effects of crew interactions under stress. This latter issue is important but not
addressed in this report.

Table 4-2 lists upper and lower limits that are used to define task time outliers for each crew
and each posture. Qutliers designated by these criteria ar-: plotted with separate symbols (solid

circles) in the task time figures for individual crews in Appendix C and are not used in regressicn
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Table 4-2. Upper and lower limits defining outliers for the task time measurements. 0
Task Outlier limits in seconds

BDU MOPP4-§ MOPP4-R °
Lower Upper Lower Upper Lower Upper

Relay orders 170 1000 25.0 100.0 17.0 100.0 ¢
é Begin set deflection 1000 13.0 -100.0 150 -100.0 130
b Set deflection 2.5 175 25 175 25 175

Traverse tube’ 100 300 100 380 130 380 .
i Begin set elevation -5.0 100 -50 150 -5.0 150
Iy Set elevaticn 2.5 178 25 175 35 175
U Elevate tube -1000 350 13.0 350 13.0 35.0

f Begin first Joad 19.0 900 19.0 90.0 190 900 o
o Load projectile 10 90 1.0 90 24 90
& Load first powder -1000 200 50 350 -100.0 350
Load first projo and pwdr -100.0 20.0 -100.0 300 -100.0 300

,:. Lock breech and prime 20 100 20 100 20 150 °
L Fire 10 53 10 80 1.0 80
! * Open breech 1.0 35 1.0 S50 1.0 5.0
Swab chamber 35 9.0 40 150 40 150

! Check sight 2.0 1000 3.0 100.0 20 100.0 .
b Begin reload 2.0 200 -2.0 200 -2.0 200
Lo Reload powder -100.0 100 -100.0 100 -1000 10,0
o Reload proju and pwdr  -100.0 150 -100.0 150 1000 15.0

& Last open breech 10 45 10 50 10 50 .
; Swab and inspect 7.0 1000 7.0 100.0 5.0 100.0

*Applies only to Crews 2 and 3 (Traverse tube II),




analyses or in tte analysis of varance. Furthermore, the outlier data points are not carned
forward to crew aggregate plots nor to subsequent performance -alculations.

4.2.4. Summary of Task Time Regressions and ANOVA.

Appendix C presents figures and tables for each task following the order of ihe task
definitions in Section 4.1. The order generally follows the cycle of tasks to prepare and fire the
first round and then to prepare and firc subsequent rounds. For convenience of visual
comparison, data for all three crew postures (BDU, MOPP4-§, and MOPP4-R) are grouped
together for each task. The following discussiuon summarizes resuits for each posture separately.

Table 4-3 summarizes the signs of the slopes of the regression lines from Appendix C for
each task and each crew in BDU. The table also includes from Appendix C the "Prob. Value
of F" from the ANOVA and, if the value is greater than or equal to 0.05, the sign of the slope
of the aggregate regression line. Table 4-3 shows that most task times showed no statistically
significant change over the 17 fire missions of each scenario. When there is a significant slope,
a majority of the cases (6 of 9) show a task time decreasing with scenario time (a negative
slope), but there is no apparent pattern across tasks or crews. For no task did more than one
crew show a significant slope.

The practice or warmup effect reported in Volume 1 for the overall rates of fire in BDU is
not a prominent feature of the BDU task data summarized in Table 4-3,

Table 4-4 summarizes the similar information for MOPP4-S, that is, for scenarios with
crewmembers in MOPP4 with standard crew positions. In this case, when there is a significant
slope for individual crew data, the majority of the cases (11 of 15) show a task time increasing
with time in MOPP4 (a positive slope). The ANOVA results show that performance was
equivalent among crews for 10 out of 21 tasks with only one of these, load first projectite and
powder, having a significant (positive) slope.

Tabie 4-5 summarizes the same results for MOPP4-R, that is, for scenarios with crew in
MOPP4 using a regimented rotation of crew positions to distribute the thermal work load. Only
Crews 2 and 3 performed this scenario. As with MOPP4-S, when there is a significant slope for
individual crew data, the majority of cases (7 of 8) show a task time increasing with time in
MOPP4 (a positive slope). The ANQVA results show that task time distributions for the two
crews were equivalent for 16 of 21 tasks. Of the 16 equivalent cases, 5 had significant positive
slopes (worsening performance with time in MOPP4) and none had significant negative slopes.
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i Table 4-3. Summary of regression slopes and ANOVA resuits for crews in BDU.
. Task Sign of slope* ANOVA Sign of slope®
i Crew Prob, value Aggregate
l data
S . of F .
! é Relay orders o - 0 0.000
’, Begin set deflection 0 + 0 0.006
P Set deflection 0 ) 0.873 0 ¢
Traverse tube I 0
_ Traverse tube II o o 0.676 o

’ ' Begin set elevation o o 0 0.014
- Set elevation o o + 0.492 o e
, ' Elevate tube o 0 0 0.191
s Begin first load S 0.000
‘ o Load projectile o o 0.000
o Load first powder 0 0 0.176 o ®
e Load first projo and pwdr 0 0 0.005
[y Lock breech and prime - o 0.000
\ . Fire - 0 0 0.000
Lo Open breech o ) . 0.000 @
- Swab chamber o ) 0 0.005

e Check sight o o - 0.010

Y Begin reload 0 o o 0.000

- Reload powder 0 0 0.095 0 L

Reload projo and pwdr o 0 o 0.008

: = Last open breech 0 9 0 0.002

At Swab and inspect o + o 0.000

- . .
’ *Sign of slope is "0" if prob 1 from regression analysis is >0.05, that is, no statistically

;‘ significant slope. Blank entry means no data available.
Aﬁ ®Sign of slope from aggregate crew data is quoted only if the ANOVA gives a Prob. value of
;:,, 3 F >0.08, that is, there are no statistically significant differences in task time distribution .

among the crews. The ANOVA results show that performance was equivalent among the
crews for only 6 out of 21 tasks. For these 6 tasks, none of the regression analyses of the
aggregate task time data showed a statistically significant variation of task time with
repetition number.
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J Table 4-4. Summary of regressicn slopes and ANOVA results for crews in MOPP4-S. .
&
{ Task Sign of slope* ANOVA Sign of slope®
‘ Crew Prob. value Aggregate
f of F dara’ o
B 12 3
Relay orders o ) 0 0.087
Begin set deflection 0 0 + 0.954 .
Set deflection - o 0.008
K Traverse tube I o
Traverse tube II o 0 0.024
Begin set elevation o + + 0.100 ¢
Set elevation o - 0 0.839
Elevate tube o 0 0.729
Begin first load - 0 0.035
Load projectile -+ 0.046 *
Load first powder ) o 0.043
Load first projo and pwdr o 0 + 0.464 +
Lock breech and prime o + 0 0.000
Fire o + ) 0.000 o
Open breech o] o 0 0.470 (o]
Swab chamber o o + 0.002
Check sight o 0 0 0.320
Begin reload o 0 + 0.264 ¢
Reload powde: o 0 0.000
Reload projo and pwdr 0 + 0.000
Last open breech o o ) 0.720 o
Swab and inspect 0 0 0.002 ¢
“Sign of slope is "o" if prob t from regression analysis is >0.05, that is, no statistically
3 significant siope. Blank entry means no data available. o
*Sign of slope from aggregate crew data is quoted only if the ANOVA gives a Prob. value of
F >0.05, that is, there are no statisticaily significant differences in task time distribution
among the crews.
@
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Task

Relay orders
Begin set deflection
Set deflection
Traverse tube 1
Traverse tube I1
Begin set elevation
Set elevation
Elevate tube

Begin first load
Load projectile
Load first powder

Load first projo and pwdr
Lock breech and prime

Fire

Open breech
Swab chamber
Check sight
Begin reload
Reload powder

Reload projo and pwdr

Last open breech
Swab and inspect

Sign of slope*

Crew

I 2 3
o -
+ o
o +
o 0
o o
o +
o o
0 0
0 0
0 o
o 0
+ c
o 0
o 0
+ +
+ o
o 0
0 0

ANOVA
Prob. value
of F

0.757
0.054
0.107

0.435
0.381
0.589
0.056
0.587
0.725
0.086
0.198
0.002
0.437
0.011
0.001
0.000
0.017
0.132
0.146
0.271
0.569

Tabie 4-5. Summary of regression slopes and ANOVA results for crews in MOPP4-R.

Sign of slope®
Aggregate
data

+ + 0o o + 0 ©o ©

c ¢ + +

“Sign of slope is "o" if prob t from regression analysis is »0.05, that is, no statistically

significant slope. Blank entry means no data available.

®Sign of siope from aggregate crew data is quoted only if the ANOVA gives a Prob. value of

F >0.05, that is, there are no statistically significant differences in task time distribution

among the crews,

‘Crew 1 did not conduct a scenario in MOPP4-R.
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Taken together, the MOPP4-5 and MOPP4-R regression analyses for individual crews have
5 cases of significant negati/e slope (improving performance) and 18 cases of significant positive
slope (worsening performsnce) consistent with the expectation that heat stress associated with the
MOPP gear is a dominant effect on the time dependence of performance. Of the 5 cases of
negative slope, 3 are Gunner or Assistant Gunner tasks and 2 are Cannoneer tasks. Of the 18
cases of positive slope, 5 are Gunner or Assistant Gunner tasks and 13 are Cannoncer tasks.
These observations indicate that the Cannoneer tasks are more susceptible to heat stress-induced
performance degradation than Gunner and Assistant Gunner tasks. Additionally, the Gunner and
Assistant Gunner tasks may be more susceptible to learning or practice effects that compensate
for the encumbrance of the MOPP gear.

4.3. BASELINE TASK TIMES.

A performance measure based on task completion time is used to express the performance
degrading effects of MOPP gear in this analysis. Specifically, performance P in MOPP gear is
expressed as the ratio of a normative or baseline task completion time ¢, to the task completion
time t in MOPP gear:

P =/t. (4-1)

The mean task completion time in BDU is used as the baseline time for each task. Since a main
focus of the present analysis is the determination of performance as a function of time in
MOPP4, an important step is the selecuon of an appropriate baseline for measurcments at
different times in MOPP4.

4.3.1. Factors Influencing Selection of Baseline Times.

Table 4-3 shows that there are two important considerations in the selection of baseline times.
First, the ANOVA results show that for most tasks, the three crews do not perform equivalently
in BDU. In these cases, it is necessary to use separate baselines for each crew. When the
ANOVA shows cunsistency among the crews as indicated in Table 4-3, 2 common baseline
determined from the aggregate crew data is used.

Second, Table 4-3 shows that for each crew there are a few tasks with statistically significant
variation of mean task time over the scenario. Most of the slopes arc negative, that is, the
baseline time tends to decrease over time. This decrease is attributed to a warmup effect as
Jdiscussed in Volume 1. It occurs in BDU in spite of the variation of order of the BDU scenario
within the daily exercise schedule for the different crews. In fact, the data for Crew | in BDU

is from its third day of sccnarios, the second day in BDU. Since there is no correlation with
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scenario order, it is assumed that the negative slopes represent a variation that would occur on
any day of uperations, rather than a leaming effect that would go away with practice. If the
slope is due to warmup each day, then the change should be related to the number of repetitions
of the given task. Therefore, regression analysis of task time versus repetition number is used
to predict baseline times, whether for individual or aggregate crew data.

4.3.2. Regression Prediction of Baseline Times.

Table 4-6 summarizes the regression coefficients for the calculation of bascline task times
in BDU versus repetition number for each task and each crew. If the coefficients are identical
for all crews, they are from the regression analyses of aggregate crew data appearing in Appendix
C. If the coefficients are different for each crew, they are from regression analyses of the
individual crew dawa scts. These individual regressions versus repetition number use the data as
shown in Appendix C, but are not shown explicitly in this report. The regression lines
summarized in Table 4-6 are used to calculate baseline task times for each repetition even when
Tuable 4-3 shows that the data is statistically consistert with no slope. This choice yields valid
estimates for all baseline times and avoids treating slopes of the tasks differently based on the
arbitrary choice of the 5% level of statistical significance used in Table 4-3.

The data in Table 4-6 is included in digital form in the file README.TXT on the diskette
that accompanies this report.

4.3.3. Uncertainty in Baseline Times.

It is useful to characterize the root mean square (rms) deviation as well as the mean of the
task times in BDU. A graphical characterization is provided in Appendix C by the 63%
confidence band plotted with cach regression line. This band is narrowest along the regression
line at a value of the repetition number (independent variable) corresponding to the mean of the
task time (dependent variable) for the data points in each set. The standard deviation of the
estimate listed in the tables in Appendix C for each regression analysis characterizes the half
width of the narrowest point of the 68% confidence band, For large samples, the width of the
08% confidence band at this point is equal to twice the standard deviation of the estimate, For
smaller samples as in Appendix C, the 68% band calculated from Student’s ¢~distribution is wider
than two standard deviations.
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When the data points are sparse and poorly correlated, as with some of the MOPP4 data, the
68% confidence band flares away from the regression line guite markedly relative to the
narrowest point because of uncertainty in the slope of the regression line. Fortunately, the flaring
is minimal for the BDU data. The standard deviation of the estimate can be used to characterize
the spread of task times predicted by the regression line since the BDU data has a weli-
determined slope resulting in little variation of the width of the 68% confidence band for
different repetition numbers (see, for example, Figure C-1). The column labelled s.d. in Table
4-6 lists the standard deviation of the estimate from the regression analyses of the aggregate crew
data for cach task. It characterizes the spread of task times to be sxpected from repeated
.measurements of the task time by different crews.

The uncertainty in the determination of the mean of any task time due to the limited number
of field mcasurements is the standard error of the mean. The standard error of the mean
predicted by the regression line varies with repetition nuiber in a manner similar to the width
of the 68% confidence band. The standard error of the constant as listed in the statistical
summary tables of Appendix C is the standard error of the regression line prediction at repetition
number 0. In reality there is no repetition number 0 since r:petition number starts at 1 by
definition. However, the standard error of the constant is convenient as a representative
charucierization of the uncertainty in the baseline values since the BDU data has a well-
determined slope and little variation of either the standard error of the mean or the width »f the
68% confidence band for different repetition numbers (sce, for example, Figure C-1). The

column labelled s.e. in Table 4-6 lists the siandard error of the constant from the regression

analyses of the aggregate crew data for each task.

4.3.4, Special Cases.

As stated before, Table 4-6 shows the constant and slope used to predict baseline task
compledon times for each crew us a tunction of task repetition number. Special cases shown in
italics in Table 4-6 are discussed in the following paragraphs.

Table 4.3 shows that, generally, the individual regression lines for cach crew did not have
significant slopes. The cases that do have a significant slope have been examined for anomalies,
The data for the begin first load shows an anomaly for Crew 1 in that, unlike Crews 2 and 3,
Crew | performed the task slower in BDU than in MOPP4. The Crew | time in BDU is much
slower than for Crews 2 and 3 for early fire missions, but approaches that of the other crews for
the late fire missions.  For this reason, the bascline time for Crew 1 for all fire missions in
MOPP4 is set equal to the regression line value for Fire Mission 17 in BDU,

Another noticeable anomaly 1s the lock breech and prime task for Crew 2. As noted in

Section 2.2 for the fire event and in Appendix C for the fire task, the Loader for Crew 2, as a
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result of inexperience, had trouble with misfires on the first exercise day in BDU, but not on
subsequent days in MOPP4. His times for lock breech and prime show a very strong leaming
effect in BDU but not in MOPP4. Therefore, the baseline time for Crew 2 for all fire missions
in MOPP4 is set equal to the regression line value for Fire Mission 17 in BDU, This value is
about 4.5 s in contrast to about 3.5 s for the other crews,

There are other anomalies associated with the Crew 2 Loader. The anomaly for the fire task
is fixed by the liberal application of a long-time outlier criterion. The situations for the open
breech and last open breech tasks are similar to that for lock breech and prime so, once again,
the baseline time for all MOPP4 rire missions is set equal to the regression line value for Fire
Mission 17 in BDU for these two tasks. The swab chamber task times for the Crew 2 Loader
are reasonably consistent with those of the Crew 1 and Crew 3 Loaders and do not show a
learning effect, so the bascline times from the regression line are accepted without chage.
Apparently, the swab chamber task was more familiar or easier than the others for the Crew 2
Loader. The swab and inspect task after the last round might be expected to be closely
cquivalent to the swab chamber task. Interestingly, the performance of the Crew 2 Loader
deteriorated significantly in BDU with a positive regression slope as shown in Table 4-3. Since
this task is performed after the last round of the fire mission and not under time pressine, it is
likely thut the deteriorating performance is due mostly to the accumulation of stress from the
repeated misfires and associated attention (ribbing) from other crewmembers. Accordingly, the
baseline time for the swab and inspect task for all fire missions for Crew 2 in MOPP4 is set
equal to the BDU regression line prediction for Fire Mission | in BDU,

In summary, Appendix C presents the full range of task time measurements for M198
howitzer crewmember tasks during fire missions. Carefully selected regression analyses of the

data with crewmembers in BDU provide baseline times for calculation of performance on the
same tasks in MOPP4,

The task completion times plotted in Appendix C are also included in digital form on the 3.5"
diskette tha* accompanies -his report.
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SECTION 5§
HEAT STRESS AND STRAIN

Heat stress on an individual is the combination of environmental conditions and behavioral
factors with which the body’s thermoregulatory mechanisms must cope. Heat strain, which may
be measured by a variety of physical and psychological indicators, is the body’s response to heat
stress.

Sources of theimal encrgy contributing to heat stress are hot objects in the work environment,
heated air, ambient thermal radiation including solar, and the metabolic work rate of the
individual. Other contributors to heat stress are factors that influence heat transport. These
factors increase heat strass by interfering with the body's ability to dispose of excess heat. Such
factors include clothing type, ambient air temperature, ambient humidity, wind speed, and the
health and physicai conditicn of the individual, especially hydration.

As part of the safety conditions of this exercise, medical personnel monitored the core
temperature, heart rate, and skin temperature of each crewmember to limit the amount of heat
strain suffered by each. When a crewmember exceeded predetermined physiological limits, he
was removed from the exercisc. Performance measurements from the exercise, therefore,
represent the capability of remaining crewmembers with heat strain less than the exercise limits.
The measured performance values are conditional; that is, they represent the capabilities of a
crewmember given that he has not reached the specified level of heat strain.

For modeling crew performance, it is useful to separate the calculation of individual
performance into two steps. First, estimate the probability that a crewmember is still functioning,
that is, has not exceeded a specified level of heat stezin.  Second, given that the crewmember is
still functioning, estimate performance degradation for the given task.

This section presents the available heat stress and heat strain data for the M198 howitzer
exercise. This data is analyzed to determine an analytical expression for the probability that heat
strain limits have not been exceeded. Finally, a comparison is made with predictions of the
P2NBC? Heat Strain Decision Aid (HSDA) prograr, Version 2.0, which is based on algorithms
from the U.S, Army Research Institute for Environmental Medicine (USARIEM),

5.1. METERCLOGICAL DATA.

Table 5-1 summarizes meteorological dau. for each of the exercise days. Two sets of
temperature, humidity, and wind speed data are shown, representing the 15 minute report nearest
the exercise start time and that nearest the exercise finish or halt time. The last two columns
show the period of time for the day’s exercise in decimal hours (EDT) and the average solar
insolation uuring this period. The solar insolation is expressed as the number of watts of sunlight
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falling on a square meter of level ground. The average was calculated by integrating a cubic
spline curve fitted to hourly average insolation values reported from a nearby meteorological
station, Appendix A of Volume 1 includes plots of hourly insolation.

Table 5-1. Metcorological summary for the exercise days (Zubal, 1992).

Starting Conditions Ending Conditions Average Solar Insolation

Wind Wind Time
Crew Temp Hum Ave/Pk Temp Hum Ave/Pk Interval Insolarion
°F % kt °F % kt EDT W/im2
CIM 82 71 5/10 88 58 6/11 10.63 - 1626 747
Ciw 77 81 - 79 68 - 10.29 - 1320 691

CIF 68 90 37 479 26 9.67 - 1378 440

C2M 70 92 377 72 92 35 10.15 - 14.00 148
c2w 76 81 3/6 81 63 U8 9.67 - 1143 653
C2F 70 71 3 77 54  4/6 9.59 - 1600 815

C3M 75 84 3/5 8l 63  5/8 9.72 - 1493 784
C3w 79 86 4 89 63 4/7 9.10 - 13.58 635
C3F 77 90 5/9 85 71 11719 9.08 - 13.15 631

Since the crews did not use a camoutflage net for this exercise, shading of the crewmembers
was negligible with the possible exception of the Assistant Gunner who worked on the north side
of the howitzer (aimed westward). Monday for Crew 2 (C2M) was a rainy day. Friday for Crew
2, when they completed their MOPP4-R scenariv, was the sunniest day but had the lowest
combination of temperature and humidity. Generally, the air temperature was in the range of 75
to 85 °F with relative humidity mostly from 65 to 85%. Note that two corrections have been
made in Table 5-1 relative to the same data presented in Table 2-4 of Volume 1, which contained
transcription errors for the ending humidity for C1W and the ending average wind speed for
C3M. The comrected data are underlined in Table 5-1.

5.2. PHYSIOLOGICAL DATA.
Appendix E presents plots of core temperature, heart rate, and skin temperature (Redmond,
1992) for each crewmember on each day of the exercise for both BDU and MOPP4 conditions.
Core body temperature was measured and transmitted by a capsule swallowed by each
crewmember each exercise day. Although this method is somewhat more elegant than the rectal
probes formerly used for this kind of exercise, the swallowed capsule has one serious drawback
for monitoring heat strain. That is, while the capsule is still in the stomach, a drink of water
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drastically affects its temperature reading. The drink causes the temperature of the stomach
contents to drop abruptly because of the lower tempe : re of the ingested liquid and then to
return slowly to core body temperature. At a time that cannot be directly determined from the
data, the capsule moves into the small intestine, ¢ . itually giving a stable rcadir!g of core
wmperature.

The transmitted signals in Appendix E clearly show the effect of water ingestion. Much of
the core temperaturce data for this exercise is so frequently influenced by drinking water that it
cannot be used as a quantitarive measure of heat strain. Some of the data could be recovered
with a thermal model of tie s.-mach; however, such an effort is beyond the scope of this study.

Skin temperature was measured by sensors at three different locations on the torso. One of
tl.e sensor locaticns had fiequent data interruptions and is not used here. The skin temperature
plots in Appendix E show the average of the other two sensors. This average offers some
promise as an indicator or neat stress but would require careful signal processing to provide a
reliable mzasure. Heart rate data are also plotted in Appendix E. These data are quite noisy,
with frequent data dropouts, an-1 wonli also require careful signal processing to provide reliable
data.

In conclusion, further analysis and data processing would be required to use the physiological
data presented in Appendir E to generate a quantitative mecsure of heat strain. The analysis in
this report uses the less satisfazctory but more reliable choice of quantifying heat stress tarough
time-in-MOPP4 with auxil ary data specifying crew activity level and environmental conditions.

5.3. CREWMEMBER REMOVAL FROM EXERCISE.

The first safety limitation imposed by medical personnel was that a crewmember’s core
ternperature should not rise above 39.4 °C. Second, a crewmember’s heart rate should not exceed
160 beats per minute £or more than five minutes at rest nor should it exceed 180 for more than
five minutes at woik. If any one of these physiological limits were exceeded by a crewmesnber,
he was withdrawn from operations and given medical attention. I[n additior, crewmembers close
to the limits were somztimes examined race-to-face by medical personnes and removed at their
discretion. Remaining crewmembers resumed operations with position and task adjustments as
necessary. When only sis crewme: - »2rs remained. the exercics was halted for the day.

All of those crewmembers removed from the exercise by medical personnel were still
performing their rasks just before removal, although their conditions varied. Some clearly wanted
10 continue with the exercise. Others were obviously weakened and did not protest removal. In
spite of the heat stress. there were no instances of self-removal.

Table 5-2 summmarizes. for each day of the exercise and each indiv*dual removed, the removal
time. Participant Identification (PID) number, numbper of fire missions completed, and a
qualitative description of the reason for removsl. Of course, no crewmember required removal
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from the scenarios in BDU. This data allows the construction of Table 5-3, which shows the
average number of crewmembers present during 0.2 hour intervals for each scenario in MOPP4.
Since each day’s scenario was halted when the crew was down to 6 crewmembers, there is no
data available for more than 40% attrition.

Tabie 5-2. Removal of crewmembers by medical personnel because of heat strain limits.
Fire

Crew/Day Removal missions e
{Posture) Time (h) completed PID Reason for removal®

C1w (S) 1:42 4 15 Body core temperature, heart rate
2:12 7 14 Participant felt wobbly, was
red-faced °®
2:28 7 17 Weak, chills, numb limbs
2:48 7 - 3 Crewmen "on the brink of

temperature and heart rate limits."
Medical monitoring recornmendation to
terminate scenario.

C2W (S) 0:30 0 21 Heart rate
1:09 3 29 Body core temperature
1:09 3 27 Chortness of breath
1:28 6 28 Nausea

C2F (R) 4:26 8 27 Shortness of breath
5:11 I1 25 Pulied by mistake <<<<<NOTE>>>>>
5:24 1 23 Body core temperature

C3M (S) 2:18 6 36 Body core temperature
2:55 7 30 Body core temperature
4:26 7 34 Stomach cramps
5:02 9 i3 Body core temperature

C3F (R) 2:26 7 34 Heat symptoms
3:15 7 36 Body core temperature
3:37 7 37 Body core temperature
4:04 9 32 Body core temperature

@ <0 rornnun] ne lieted o thic tnhla g macnrdad bo thia MM A honra e fomme cainond o
The reason for removal as listed in this table was recorded oy thc DNA observeis from word-of-

mouth information dunng the exercise and is an incomplete indication of crewmember condition.
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L Table 5-3. Number of crewmembers still operating versus time in MOPP4.
IS ‘ Mean crew size during inierval (out of 10 unless otherwise indicated) l
P Time in MOPPA MOPP4.S MOPP4R @
2 e ) Interval Mean Crew ] Crew 2 Crew 3 Crew 2 Crew 3 .
, () (h) *)
’@" 0-2 1 10 10 10 10 10
’ 2-4 3 10 10 10 10 10
| 4-6 5 10 9.5 10 10 10 ®
) 6- 8 7 10 9 10 10 10
R 8-10 9 10 9 10 10 10
10-12 1.1 10 8.5 10 10 10
12- 14 13 10 7 10 10 10 °
14-16 15 10 6.35 10 10 10
16- 18 1.7 9.5 . 10 10 10
18-20 19 9 . 10 10 10
20-22 2.1 9 . 10 10 10
22-24 23 8 - 9.5 10 10 ¢
24-26 25 75 - 9 10 9.2
26-28 27 7 . 9 10 9
28-3.0 29 6 - 8.6 10 9
30-3.2 31 . 8 10 9 . ¢
3.2-34 3.3 : - 8 10 8.2
34-36 35 . 8 10 8
36-38 37 . 8 10 7.1
38 - 4.0 3.9 . - 8 10 7 g
40-42 41 . - 8 10 64
42-44 43 - 8 10 .
44-46 45 - - 7.2 9.2 -
4.6-48 47 . - 7 9 .
48-50 49 - 7 9 -
50-5.2 5.1 - . 6.2 9 -
5254 53 - - - 8 of 9*
54-56 55 - - - 70f 9 . °
56-58 57 : - - 7of9

58-60 59 Tof9
6.0-6.2 6.1 - Tof 9
A2 -64 6.3 - - - 7of9

'As indicated 1n Table 5-2. one crewmember was pulled by mistake, effectively reducing the sample size at this time.
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5.4. FRACTION OF CREWMEMBERS REMAINING VERSUS TIME IN MOPP4.

Figures 5-1 and 5-2 plot the fraction of crewmermbers remaining for each MOPP4 scenario
as a functior of time in MOPP4 for standard and rotating crew positions, respectively. The data
values for the plotted symbols are derived directly from Table 5-3. In addition, Figures 5-1 and
5-2 contain a fitted curve for each crew. These curves are calculatcd with a two-parameter
function commonly called a Weibull function:

F(t) = exp[-In(2)x(tt;)"], (5-1)

where t;, i a parameter with dimensions of time determining when the function drops to 50%
of its initial value and ¥ is a dimensionless parameter determining the slope of the function in
the vicinity of t,

Table 5-4 lists parameter values obtained from the least squares fit for each crew as well as
the average value of each parameter for MOPP4-S and MOPP4-R. The solid curves in Figures
5-1 and 5-2 are calculated from Equation 5-1 with the mean parameter values. Because there is
no data beyond 40% attrition, the usc of these curves at more than 50% attrition is not
recommended.

Figures 5-1 and 5-2 show that crewmembers generally persisted longer with the regimented
rotation of positions (MOPP4-R) than they did with standard crew positions (MOPP4-S),
consistent with the expectation of distributing the thermal work load of crewmembers through
the rotation. This vubservation is illustrated by the mean values of t, in Table 5-4, 5.9 h for
MOPP4-R versus 3.7 h for MOPP4-§,

The substantial variation in attrition rate from crew to crew in Figures 5-1 and 5-2 indicates
some uncertainty in this analysis. Furthermore, although Crew 2 shows the expe-ted difference
between MOPP4-R and MOPP4-S, Crew 3 actually attrited a little sooner for rotating positions
than tor standard. These variations indicate a need to examine the impact of weather conditions
on the exercise.
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Figure 5-1. Attrition of crewmembers during the MOPP4-S scenarios.
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Table 5-4. Parameters for Weibull functions (Equation 5-1) describing the fraction of

crewmembers remnaining as a function of time in MOPP4 for this exercise®, ‘
MOPP4- MOPP4-R
[8) S ®
Crew t B Y tp h v ®
1 3.11 4.30 - - &)
2 1.77 2.51 7.40 4,84
3 6.27 2.28 4.50 4.35
®
Mean 3.72 3.02 5.95 4.60

*Because of limitations of the data on which these parameters are based, the authors do not
recommend extrapolation of these functions beyond 50% attrition.

5.5. IMPACT OF METEOROLOGICAL CONDITIONS.

The impact of meteorological conditions, particularly, ambient temperature, humidity, and wind

speed, can be assessed with a thermal model of the human body if it the model includes
. interzcuion with the environment. The PNBC* HSDA code, based on models developed by
' USARIEM, provides such a capability (McNally et al,,1992). Given the ambient weather
conditions and the clothing and aciivity level or an individual, the code provides, among other
things, the time dependent core temperature of the individual.
Figure 5-3 plots core temperature as predicted by the HSDA code for two different activity
j levels (metabolic work rates) given that the individual is in MOPP4 (Battle Dress Overgarment,
& closed) and that the ambient conditions are those recorded at the end of the Crew 3 MOPP4-R
. scenario (C3F) of the M98 exercise. The model ingicates that the body core temperature
approaches an equilibrium value and is within 0.1 °C of that equilibrium within 2 hours. The
characteristic (ie) time for core temperature equilibriation is about 40 minutes. The two curves
in Figure 5-3 illusuate the sensitivity of the final core temperature to metabolic work rate. At
310 Watts, the equilibrium temperature is below the safety limit of 39.4 °C for this exercise. At
a work rate only 10% higher the limit is exceeded in less than 2 hours.

Table 5-5 shows results from HSDA calculations for cach of the exercise days in MOPP4
using metabolic work rate of 310 Watts. The HSDA code is based on steady meteorological

conditions. As seen from Table 5-1, actual conditions varied significantly over the several hour

[V

extent of each scenario in this exercise. Since the 2 hour equilibration time of core temperature
B indicated by the HSDA code is less than the scenario lengths, there is time for changes in
: ambient conditions to affect the outcome of the exercise. The calculations summarized in Table
5-5 use tie ambient weather conditions at the end of each scenario as representative i the

conditions causing termination of the scenario due to heat strain.

The final core temperature listed in Table 5-5 represents the limiting value of core temperature
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with a steady metabolic work rate as illustrated in Figure 5-3. Only for the Crew 2 MOPP4-S
(C2W-8) conditions does the predicted final core temperature exceed 39.4 °C at a work rate of
310 W. For this case, the core témperature reaches 39.4 °C at 1.7 hours, This time is listed as
the maximum work time for no rest in Table 5-5. The HSDA code also calculates a
recommended work/rest cycle for the input weather conditions and activity level. The time to
reach 39.4 °C under this work/rest cycle is shown in Table S-5 as the wirh rest maximum work
time. For the Crew 2, MOPP4-S weather conditions, the work/rest cycle increases the maximum
work time ..om 1.7 to 2.8 hours. For the other 4 scenarios in the table, the predicted core
temperature equilibrates below 39.4 °C, so the maximum work tiraes are listed as 25 houts, the
length of the HSDA calculation.

The table also lists the probability of casuaity estimate of the HSDA code given the work/rest
cycle. Finally, Table 5-5 lists the actual mission time recorded for each of the MOPP4 scenarios
of the M198 exercise.

Table 5-5. Predictions of the PINBC? Heat Strain Decision Aid (HSDA) with metabolic work
rate of 310 Watts for the MOPP4 scenarios.

Weather report at
end_of scenario HSDA code predictions Field data

Final Prob. Maximum work
core of time, h Mission
temp. casual. time

No
oF % °C %

C2F-R 77 54 4 39.09 21.4

C3F-R 85 71 11 39.23 30.2 4.1
C3M-S ¥l 63 5 39.23 30.3 : 5.2
Ciw-§ 79 68 3 39.34 38.2 ) 29
c2w-s 8l 63 pl 39.51 50.4 . 2.8 1.8

*Value estimated from written comments or observers which indicated light winds.
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The MOPP4 scenarios in Table 5-5 are listed according to increasing values of predicted final core
temperature for the recorded weather conditions. 1t is significant that there is a necarly inverse
relationship between the HSDA code prediction for the final core temperature (and the probability
of casualty) and the actual mission times accomplished in each of the scenarios. This inverse
relationship indicates that meteorology had a significant impact on the outcome of the scenarios.

Table 5-6 presents similar code prediciions for an assumed metabolic work rate of 340 W, Here
the predicted maximum work times with rest are in closer agreement with the field data and there
is an exact agreement between the ordering according to increasing predicted core temperature and
that for decreasing mission time from the field data.

Table 5-7 shows typical metabolic work rates for activities comparable to those performed by the
M198 howitzer crewmembers. The work rates range from 116 Watts for sitting or standing to 540
Watts for emplacement digging. Activity during the M198 scenarios varied widely. Between fire
missions, the crewmembers were usually standing or sitting around with little motion for several
minutes. During fire missions, one pair of crewmembers jointly carried projectiles (weighing about
40 kg each) one at a time to the howitzer. Therefore, the rates of 310 and 340 Watts used in the
calculations for Tables 5-5 and 5-6 are in a reasonable range for an average.

Table 5-6. Predictions of PPNBC? Heat Strain Decision Aid (HSDA) with metabolic work rate
of 340 Watts for the MOPP4 scenarios.

Weather report at

end of scenario HSPA code predictions Field duta
Final Prob. Maximum work
Crew core of time, h Mission
day Temp  Hum Wind temp, casual, time
No With
°F % knots °C % rest rest h
C2F-R 77 54 4 39.35 38.7 >5 >5 =26.4
C3M-S 81 62 5 39,52 51.3 1.7 2.7 52
C3F-R 85 71 11 39.53 51.9 1.7 2.6 4.1
CIlw-§ 79 68 3 39.64 60.3 1.4 2.2 2.9
C2wW-§ 81 63 2 39.81 72.4 1.1 1.8 1.8

*Valve estimated from written comments of observers indicating light winds,
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Table 5-7, Typical metabolic work rates (as quoted within the HSDA code).

Acrivity Metabolic work rate
Watts
Standing in foxhole or sitting in truck 116
Guaurd duty 137
Walking, hard surface, 1 m/s, 20 kg load 255
Walking, loose sand, 1 m/s, no load 326
Walking, hard surface. 1.56 m/s, no load 361
Calisthenics 378
Walking, hard surtace, 1.56 nvs, 20 kg load 448
Pick and shovel 465
Emplacement digging 540

5.6. SUMMARY
The following statements summarize findings regarding meteorology and the HSDA code
calculations:

1. The HSDA code shows that the characteristic time for core temperature equilibriation is about
40 minutes, significantly shorter than the daily exercise time. Therefore, variations in meteorology

during each day’s exercise cun affect the outcome.

t2

. The HSDA code predicts about 0.5 °C core wmperature variation due to day-to-day variations
in meteorology.

3. Variations in meteorology during each day’s exercise are comparable to the day to day variation.
4. Equilibrium core temperature is quite sensitive to metabolic work rate; in the regime of this

exercise, core temperature increase about 0.3 °C for a 10% (30 Watt) increase in average work
rate.
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These observations support the following conclusions:

1. It is not a good approximation for modeling or analysis to assume that the environmental
conditions were constant for this exercise, either day-to-day or hour-to-hour.

2. Crewmember attrition versus time in MOPP4 - ¢ likely to have been strongly influenced by
the daily cycle of temperature, humidity, wind, and solar variations and by the time phasing of
the scenario relative to the daily cycle.

3. Day to day variations in meteorology can explain a significant part of the variation ir mission
lengths for the different scenarios.

4. Analysis of the attricion data and the task time data would be improved by modeling the time
dependence of both the ambieat meteorological conditions and the metabolic work rate.

Finally, additional data analysis would be required to make quantitative use of the physiological
data collected during the exercise.



SECTION 6
RESULTS FOR TASK PERFORMANCE IN MOPP4

This section discusses the definition of performance and presents results for task performance PY
versus time in MOPP4. For ease of reference, figures and tables are grouped at the end of this
section.

6.1. PERFORMANCE REFERENCED TO BASELINE TASK TIME.

This report measures performance by thi- time taken for task completion. Although accuracy
must be quantified for certain tasks, the M198 tasks listed in Section 4.1 (with three exceptions
noted in Section 4.2.1) are all well characterized by their time to completion. These tasks have
definite endpoints that must be achieved within tolerance before the fire mission can proceed. PY
Inaccuracies or errors are recognized and corrected by crewmembers at the expense of additional
time. Therefore, performance level on a task is well represented by the time taken to do the task
right,

With this assumption, performance p is defined as the task time ratio PY

p =/t (6-1)

where the normative time 7, is the time for a well trained crewmember to perform the task when Py
healthy aund feeling fine and ¢ is the time taken when the crewmember is stressed or ill. The
normative times used in this report are the baseline times with crewmembers in BDU. These
baselinc times, derived from the regression analysis of multiple trials, are presented and discussed
in Section 4.3. With this definition, performance is 1.0 when the task completion time is equal ®
to the baseline time. When task completion time lengthens due to a stressor on the crewmember,
performance is less than 1.0, In the extreme case that the crewmember cannot complete the task
at all, r is nfinite and performance is 0.
Since a task completion time ¢ cannot be negative, the calculated performance value is always °
positive or zero. Performance values are generally less than or equal to 1; however, two effects
can cause performance to be greater than 1, especially for single measured values. First, repeated
measurements of the completion time for a given task have a distribution about a mean, so half
of the sample of measurements determining the baseline time will be always be faster than the °
mean. Performance values calculated for this half of the trials are greater than 1 and those
calculated for the other half are less than 1. Under mildly stressing conditions with mean
performance only slightly less than 1, some trials may still be faster than the mean of the

baseline trials, thereby giving performance values greater than 1.0. For this reason, it is P
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' important to keep in mind the standard deviation of the baseline performance distribution when ® 5
interpreting performance measurements in MOPP4, -
Second, procsdural changes (shortcuts) by crewmembers in MOPP4 may result in task “
completion times shorter than normal. 1t has been reported (Taylor and Orlansky, 1991) that )
when training in MOPP gear, individuals and crews sometimes learn to modify procedures to ¢
reduce the encumbrance effects of the protective clothing. When heat stress is minor, these task ¥,
modifications may appear as improved performance relative to baseline.
. Analysts use a variety of other definitions to quantify performance changes under stressed
conditions. One example is the performance decrement factor (pdf), defined as the multiplier that ¢
produces degraded task time from baseline task time:
¢ = pdf x1, (6-2)
®
The pdf is the inverse of task performance as defined in Equation 6-1:
pdf = t/t = 1/p. (6-3)
®
Another term is performance degradation dgr, usually taken as the complement of performarice,
j that is,
1 ° |
i dgr = 1-p. (6-4)
6 . _ :
Both performance and performance degradation are frequently expressed as percentages. To
confuse the matter somewhat, the percent increuse (pi) in task time,
[ ]
pi = 100 x (pdf - 1) (6-5)
is occasionally referred to as percent degradation. To complicate the issue even further, Taylor
. - ®
and Orlansky (1993) usc the term percent time degradution Dy defined by
¥
o Dy = 100 x (- 1) /i, = 100 x (1 - pdf), (6-6)
. . - ; e e °
which 1s the negative ot pi. The user of performance data must be alert for changes in definition
from one database to the next.




All performance values appearing in this report are task time ratios as defired by Equation
6-1. Note that the logarithmiv transformation applied to performance gives

log(py = log(ty) -~ log(?). (6-7)

Since the logarithm of the task time is normally distributed (see Section 4.2.1), 56 is the
logarithm of performance.

6.2. TASK PERFORMANCE VS, TIML IN MOPP4.
Each task time measured with ..ew in MOPP4 provides a calculated performance value. This

perforuiance is presumably a function of several explanatory variables such as time in MOPP4,
task repetition nuinber, scenario, crew identity, crew size at the time of measurement, and

metecrolozy. Only time in MOPP4 is considered explicitly in the following analysis; however, °
task repetition namber is used to select a bascline time for each task measurement in MOPP4.

et {(7.N) denote the completion time measured in a given scenario {or the Mth repetition of
¢ task occurring after T nours in MOPP4. The performance calculated from titis measurement °

is
(7 o= (N HTN), (6-8)
where (V) is the baseline completion time tor the Mh repetition of the task in BDU (see Table
4-0).
The mode! used ir the regression analyses of performance versus time in M.OPP4 is

y=a+ bxT + &g, (6-9)

where the parameters @ aad b arz the constant and slope, respectively, and ¢ is a random esior

tenu assumed to De ne cmally distributed tvith mean value 0. The independent variable is 7" and

Jhie b oper ant variable y is log(p). *
¢ o1 the three special cases of begin set detleciion, begin set elevation, and begin reload

discussed 1n Section 4.2.1, the data consist of delay times betweea two events rather than task

completion times. .‘cr *hiese cases, perfusmance is erpressed as the relat: ‘e delay 4, that is, the ®

widitional delay n "AOPPY relauive to BDU. In these cases, Equation (9-8) is replaced by

d&(T) = (iN) - taV) (6-10Y




and the dependent variable for the regression analyses is d in seconds.

For simplicity, the performance data from all crews is aggregated for the regression analyses
presented below. However, ANCVA results are tabulated to show whether this aggregation is
statistically justified and, for visual reference, the data plots use different symbols for each crew.

As discussed in Section’S, when a crewmember exceeded predetermined physiological limits
on heat strain, he was removed from tie exercise for safety. Performance measurements from
the exercise represent the capability of crewmembers with heat strain less than the exercise limits.
Therefore, the performance results presented here are conditional; that is, they represent the
capabilities of a crewmemoer given that he has not reached the specified level of heat strain.

The following two subsections present the performance data and regression results for
MOPP4-§ and MOPP4-R. Each subsection presents a figure for each task with the regression
line and a plotted symbol for each performance measurement. In addition, each subsection has
a statistical surmmary in tabular form.

6.2.1. MOPP4 with Standard Crew Positions.

Figure 6-1 plots performance data and regression analysis for the relay orders task with
crewmembers in MOPP4 using standard crew positions (MOPP4-S). Performance measurements
for each crew are distinguished by different plotting symbols as explained in the legend of the
figure. The regression line for the aggregate crew data is shown in two ways: 1) as the solid
curve plotted in the figure and 2) as the predictor equation included at the upper edge of the plot.

The regression line is flanked by two pairs of curves. The outer pair (dotted) shows the 68%
confidence band from the regression analysis. In additional trials, it is expected that 68% of
single performance measurements would fall inside this band. The inner pair (dashed) shows +1
standard error of the predicted mean performance as a function of time in MOPP4 determined
from the present data set.

The uncertainty in the baseline values have been neglected in the regression analyses of
performance since the standard error of the mean for the baseline predictions is substantially
smaller than the spread in the measured task completion times in MOPP4. For reference, the
standard deviation of the BDU measurements and the standard error of the mean are plotted as
vands about the baseline performance (1.0} in Figure 6-1. These bands may be used to help
judge the statistical significance of meas: . 25 pciformance degradation in MOPP4. The larger
band (the standard deviation) shows the normal variation in baseline performance and provides

finc tha aemaciooal oadermnnae yalie o MODDA that aswcan de 1
{ing tnc occasio ial prriormance valuc in MOPP4 that cxcecds 1.
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The ordinate in Figure 6-1 is a lincar scale of performance. Since the lincar regression
analysis involves log(p), the regression line in the figure is curvilinear with an asymmetric 68%
confidence band. With a logarithmic ordinate, the regression line would be straight and have a
symmetric confidence band.

Figures 6-2 through 6-22 present sirnilar information for the rernainder of the M 198 howitzer
crew tasks in the order defined in Section 4 (see Table 4-4). Figure 6-2 presents the data and
analysis for begin set deflection. Note that the ordinate is linear and is the relative delay in
seconds as discussed regarding Equation 6-10. In this case the regression line is straight and the
confidence band symmetric. Degraded performance for relative delay is associated with a shift
upwards of the curve relative to the baseline delay, that is, degradation corresponds to an increase
in relative delay. The same is true for Figures 6-6 and 6-18 covering begin set elevation and
begin reload, respectively.

Table 6-1 provides a statistical summary for the regression lines for each task in MOPP4-S.
The last row for each task shows the Prob. Value of F for the ANGVA among the three crews.
If this value is less than 0.05, there are statistically significant differences in performance among
the three crews.

6.2.2. MOPP4 with Regimented Rotation of Crew Positions.

Figure 6-23 plots performance data and regression analysis for the relay orders task with
crewmembers in MOPP4 using a regimented rotation of crew positions (MOPP4-R). The format
and content of the figure parallels that for Figure 6-1 as explained in Section 6.2.1. Figures 6-24
through 6-43 present similar information for the remainder of the M 198 howitzer crew tasks in
the order defined in Section 4 (see Table 4-5). The ordinates in each figure are performance
except for Figures 6-24, 6-27, and 6-39 which plot relative delay as discussed in Section 6.2.1.
Table 6-2 provides a statistical summary for the regression lines for each task in MOPP4-R. The
last row for each task shows the Prob. Value of F for the ANOVA between Crews 2 and 3 (Crew
| did not conduct a scenario in MOPP4-R). If this value is less than 0.05, there is a statistically

significant difference in performance between the crews.
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