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SUMMARY

This report, The Effect of MOPP4 on 14198 Howitzer Crew Performance, in three volumes

presents and analyzes feld measurements of isk 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 for 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 scenarios 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 among 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 variations in
meteorology explain a substantial part of the variation in daily mission length. A definitive

analysis of relative effectiveness of the MOPP4-S 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 performancc on the first fire mission of each day. Regression analysis of performance

versus time in MOPP4 shows that perform-nce degradation increases with time in MOPP4 for

10 of 22 tasks.

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. Exatnination of the nature of the M198 tasks in

each group leads to the following conclusions:

I . M198 tasks performed by a single crewmember with no potential for i .rruption (delay)I 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 to show encumbrance
degradation than tasks performed by a single crewmember.

3. For M198 tasks, the likelihood of increasing degradation with time in MOPP.4 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 than tasks that have little or

no increase in degradation.

The richness of the data set gathered and compiled during this effort enables fu -her analyses. a
Possibilities are described in the concluding section of this volume.
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V PREFACE

This report was prepared for the Radiation Risk/Safety Program at the U S. Defense Nuclear

Agency (DNA). DN k'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

Lte report was supponed by ARES Corporation with funding from DNA through Contract DNA

001-90-C-0164. Pacific-Sierra Research Corporation (FSR) participated with funding from the

-ame contract through subcontract ARES-PSR-90-C-001.

Data were colle(.ed by O)NA rescrchers froii ARES, EAI Corporation, and PSR on a

noninterference basis during a four-week exercise conducted in August of 1992 by the US. Army

Human Engineering Laboratory (HEL) at Aberdeen Proving Ground. The exercise, Assessment

of Towed Ar':llery (M198) Crew Performance in NBC Protective Clothing, was directed by Mr.

Orest Zubal of HEL whose cooperation is gratefully acknowledged. The exercise was funded

by the P2NBC2 Project Office of the U. S. Army, the acronym standing for Psychological and

Physiological Effects of the NBC Environment and Sustained Operations on Systems in Combal.

Mr. Kehlet of DNA and Mr. Don Cunningham, P2NBC' Program Manager, U. S. Army Chemical

School, were instrumental in arranging on short notice for 'he DNA irsearch team to take

advantage of this important data collection opportunity.

Volume 1 of this report provides an ana!ysis of the MOPP4-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.

vS

) 0

+•• U

0 S 0



Sr

CONVERSION TABLE

Conversion facior for u.S. cusomnary to metric (SI) units of meIasurement
MULTIPLY B Y TO GET

TO GET BY 44-. DIVIDE
A4

x!aiffagL ror 1-0 oot otX E -1tT0
atm~osphere inorr2I( 1 013 25 X E .2 kilo 5i03cal (kPa)

br1.000 000 X E '2 kilo Pascal ikpu)

barn 1 000 00t X E -26 motor (m
British thermnal unit utrrneochernicA~l 1.054 3.40 X E -3 ol
caloric Ui errnocl'.nteal) C Ilk 000 )OuI*(J)1
cal tthtrroclitmical) 'crn 4 284 t0t X E -2 mog )oule (MJ/m

2

cur ie 3 70t tODan X E .1 .g eqeo GQ
degree tangle) 1 745 329 XE r2 rain rd

degree rFi-enLhwt - *I-459. 67)/1.6 degrev lialvin W)
tititiron ,ol 1. 602 1s XEK -19 joule W4

er 1.O000 000XE -1 puale (J)

er/eci .000 000 XEX -7 watt (W)

Ioc. 3.045 000 XE -1 1mater ion)
loot-pound -force 1. 311 :ill souid (J)
gillon IL S liquid 37141 E- motor 

3 
m

3
)

inch 2540 000X F -2 motor Wm

;erku 1 000 000OxEn 9 iouI. (J)
joule 'kloIgrur. QJ.(gj (radiation dose

absorbed, I I Ott 000 Gray [Gyl
kit o(Ons 4 183 Istrajoules;

kip (10W lbbi 4 446222 IC E. -3elpl4
kip/inch- hilt 4 994 757 X E .3 kilo Pascal (kPa)
k~ap 2 OOOX.

m~ro 1000 000 XE x .2s (M

ml) 2l4000 00 XE -9 soa

m 1c 2 5340 002 X E -2 factora On) I

powd-orr ci1.109 846 X E -1 motor 1m)Or(m
pounce orewc 2 7341 26 X E -2 flagr-~mar f Ntn)
p-nud-force'lbi . ro p.. 4.446 026X-2 kilowo pINc) ks
pound -Icrce, 'mchi pa126 6049X -1 kiwlo Pas al N mk~l
potund -mas Crce sic I rvipos '5024 X E -1 kllton/am o (N/m
pot.. d-no,asa-loi mo:- , o"' V XrE -2 kilo asal -m ~iqr
pound -faor nh?,Pi 09f40 X 7Z567 kil Pascal LI

1t0 53504 X L-1 kilgra kg

rad Iradalixtom dose absorbed, 1.000 000 IC E -2 -ehray (Gy)
roentgen 2mlm 5797loXgr(C umg

shuk 1.5SSX '010 x
akoke 011 39 O OX E -1 ka

torr (mm Hg. 0' C,'l 3 22 X 0E- ioPsa k&

.:Tic becquvi-el Bq) is th SI uniti of radioactievity I Eq I 1 e'wfl/a~The Grai IGa I is the SI ulit 0f &bsortod radiation

A more comiplete listing c1 conversions mfiy be loenid in "Matric ProiCtice Gaidia E 380-74.

American; SocwtN for Testaing and saL aariaal

Vi

kofm i



TABLE OF CONTENTS

Section Page

SUMMARY................................................. iii
PREFACE................................................... v
CONVERSION TABLE........................................ vi

FIGUIIýES................................................... ix
TABLES................................................. xvii

I INTRODUCTION .............................................. 3
1.1 DESCRIMTON OF THE M198 HOWITZER CREW ................. 1
1.2 DESCRIPTION OF THE M198 HOWITZER EXERCISE ............. 3

2 DATA COLLECTION AND DESCRIPTION OF RECORDED EVENTS .... 8
2.1 METHOD OF DATA COLLECTION......................... 8
2.2 E vENTS RECORDED BY ALL DATA LOGGERS................. 9
2.3 EVENTS RECORDED BY LOGGER NO. 1: MAINLY

CANNONEER TASKS ...................................... 100
2.4 EVENTS RECORDED BY LOGGER NO. 2: MAINLY

GUNNER TASKS......................................... 13
2.5 EVENTS RECORDED BY LOGGER NO. 3: MAINLY

ASSISTANT GUNNER TASKS............................... 15

3. EVENT DATA............................................... 19
3.1 DATA REDUCTION AND RECONCILIATION.................. 19
3.2 EVENT TIMELINES FOR FIRE MISSIONS..................... 19

4 DEFINITION AND ANALYSIS OF TASK T-IMES.................... 220
4.1 M 198 TASK DEFINITIONS................................. 22
4.2 TASK TIMES............................................ 28

4.2.1 Regression Analysis of Task Times........................ 28
4.2.2 Analysis of Variance and Aggregation of Crew Data ............ 30
4.2.3 Outliers............................................ 31
4.2.4 Summary of Task Time Regressions and ANOVA..............34

4.3 BASELINE TASK TIMES.................................. 38
4.3.1 Factors Influencing Selection of Baseline Times .............. 38Li4~.44.3.2 Regressic i Prediction of Baseline Times................... 39
...3.3 Uncertainty in Baseline Times........................... 394

431. Sp cialCas s .. ... .... ... .... ... .... ... . 4

vii



TABLE OF CONTENTS

Section Page

5 HEAT STRESS AND STRAIN.................................. 43
5.1 METEROLOGICAL DATA................................ 43
5.2 PHYSIOLOGICAL DATA................. ................ 44
5.3 CREWMEMBER REMOVAL FROM EXERCISE.................45
5.4 FRACTION OF CREWMEMBERS REMAINING VS. TIME

IN MOPP4............................................. 48
5.5 IMPACT OF METEORC' OGICAL CONDITIONS................51
5.6 SUMMARY............................................ 55

6 RESULTS FOR TASK PERFORMANCE IN MOPP4.................. 57
6.1 PERFORMANCE REFERENCED TO BASELINE TASK TIME 57. 5
6.2 -TASK PERFORMANCE VS. TIME IN MOPP4 .................. 59

6.2.1 MOPP4 with Standard Crew Positions..................... 60
6.2.2 MOPP4 With Regimented Rotation of Crew Positions............61

7 DISCUSSION................................... .......... 1III
7.1 'SUMMARY OF PERFORMANCE DEGRADATION RESULTS 1..II

7. 1.1 Early Degradation - the Encumbrance Effect ................ 114
7.1.2 Dependence of Degradation on Time in MOPP4.............. 115
7.1.3 Caveats........................................... 116

7.2 TASK GROUPING BY DEGRADATION...................... 1160 0
7.3 INFLUENCE OF PRIMER RACK...........................11I8

8 CONCLUSION................ ............................. 120

9 RE~FERENCES............. ................................ 122

APPENDIX
A EVENT TIMELINES FOR EACH FIRE MISSION................... A-i

B COMMENTS RECORDED BY DATA LOGGRS.................. B- '
C RESULTS OF TASK TIME ANALYSES.......................... C-1
D DISCUSSION OF TASK TIME OUTLIERS........................ D-I
E PHYSIOLOGICAL DATA FOR CREWMEMBERS................... E-1

Viii



. S

FIGURES

FiL~ire Page M)

3-1 Overview of data processing and analysis procedure with data
reconciliation steps shaded . ....................... ........ . 20

3-2 The time~ine for measured events from Fire Mission 9 of
Crew 3 in MOPP4-R. See Appendix A tor an explanation of
event abb.,viatioos and the origin of the time coordinate .............. 21

4-1 Chi-squared test for normality shows that the reload powder
task time distribution is more nearly normal (a) than log
normal (b); c) compares on same time scale ........................ 29

5-i Attrition of crewmembers during the MOPP4-S scenarios .............. 49

5-2 Attrition of crewmenibers during the MOPP4-R scenarios .............. 50 Q

5-3 Coi e temperature ris', 1 redicted by the Heat Strain
Decision Aid codt for two metabolic work rates with
ambient conditions like those at the end of the MOPP4-S
scenario for Crew 3 .......................................... 53

6 *
6-1 Performance vs time-in-MOPP4 with standard ,irw positions.

The regression line is flanked by the 68% confidence band (dotted)
aid the standard error of the mean (dashed). The plot includes
the standard deviation (stiped) and standard error
(cross-hatched) of baseline perfoimance. Task: relay orders ........... 62

6-2 Performance vs time-in-MOPPA with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: begin set deflection. 63

6-3 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes S
thz standard deviation (striped) and standard error

(cross-hatched) of baseline performance. Task: set deflection ............ 64

ix0

00

INV. Sj~ S 0 0,S S S



0 4)
FIGURES (Continued) 0

Figure Page

6-4 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error

1(cross-hatched) of baseline performance. Task: traverse tube I ........ 65

6-5 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: traverse tube H ........ 66

6-6 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: begin set elevation. 67

6-7 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted) 0 *
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: set elevation. .......... 68

6-8 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: elevate tube ........... 69

6-9 Performance vs time-in-MOPP4 with standard crew positions. 0
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: begin first load- ...... 70

x|J



FIGURES (Continued)

Figure. Page QX)
0

6-10 Performanct vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: load projectile ......... 71

6-11 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% c"onfidence band (dotted)
and the standard error of the mean (dasheo). The plo: includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: load first powder ....... 72

6-12 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band tdotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: load first projo and pwdr. 73

6-13 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted) 0 0
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: lock breech and prime. 74

6-14 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: fire ................. 75

6-15 Performance vs time-in-MOPP4 with standard crew positions. •
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: open breech ........... 76

xi

0

xi

iS

0• S 0 0 9 6 S 0 •



- 0

FIGURES (Continued)

Figure Page

6-16 Performance vs time-in-MOPP4 with standaro crew positions. 4r)
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed) The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: swab chamber ......... 77

6-17 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: check sight. ......... 78

6-18 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) znd standard error
(cross-hatched) of baseline performance. Task: begin reload ......... 79

6-19 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flnked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: reload powder ......... 80

6-20 Performance vs time-in-MOPP4 with standard crew positions. •
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: reload projo and pwd. 81

6-21 Performance vs time-in-MOPP4 with standard crew positions.

The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: last open breech ........ 82 0

xii

-NS

.



FIGURES (Continued)

Figure Page )

6-22 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the. standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: swab and inspect- . 83

6-23 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by thz 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the stzndard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: relay orders.......... 84

6-24 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: begin set deflection. . . 85

6-25 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted) 0 •
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard ertor
(cross-hatched) of baseline performance. Task: set deflection ......... 86

6-26 Performance vs time-in-MOPP4 with standard crew positions. 6
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviatio, (striped) and standard error
(cross-hatched) of baseline performance. Task: traverse tube I ........ 87

6-27 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: begin set elevation..... 88ss1

xliii

0i

0 0 S S 0 0 • 0 0 *i
S= -. iI -I. .l. 4



0

FIGURES (Continued)

Figure Page (s-)

6-28 Performance vs time-in-MOPP4 with standard crew positions. 4")
The regression line is flanked by the 68% confidence band (dotted)

and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: set elevation .......... 89

6-29 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted)

and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: elevate tube ........... 90

6-30 Performance vs tinie-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: begin first load ....... 91

6-31 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted) S -
and the standard error of the mean (dashed). The plot includes
the standard deviation (stuiped) and standard error
(cross-hatched) of baseline performance. Task: load projectile ......... 92

6-32 Performance vs time-in-MOPP4 with standard crew positions. 0
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: load first powder...... 93

6-33 Performance vs time-in.-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: load first projo and pwdr.. 94

xiv

aj. ift
Lam . W . . . .. 0



FIGURES (Continued)

Figure Page

6-34 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: lock breech and prime. 95

6-35 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: fire ................. 96

6-36 Performance vs time-in-MOPP4 with standard crew positions.
"Thie regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes 0
the standard deviation (swiped) and standard error
(cross-hatched) of baseline performance. Task: open breech ........... 97

6-37 Performance vs time-in-MOPP4 with standard crew positions.
The regzsion line is flanked by the 68% confidence band (dotted) 0 0
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: swab chamber ......... 98

6-38 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence bauid (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: check sight........... 99

6-39 Performance vs time-in-MOPP4 with standard crew positions. 4' -
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: begin reload ......... 100

M0

xv

S ~ .,

Si • 9 9 0 0 0 0•FL .... *• .. .. ...- '••• ll' -I ' 1""nl. ... r ._ n...-, ,



FIGURES (Continued)

Figure Page A-)

6-40 Performance vs time-in-MOPP4 with standard crew positions. 4)
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: reload powder ......... 101

6-41 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes
the standard deviation (striped) and standard en'or
(cross-hatched) of baseline performance. Task: reload projo and pwdr. 102

6-42 Performance vs time-in-MOPP4 with standard crew positions.
The regression line is flanked by the 68% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes

the standard deviation (striped) and standard error .

(cross-hatched) of baseline performance. Task: last open breech ....... 103

6-43 Performance vs time-in-MOPP4 with standard crew positions.
The regiession line is flanked by the 1'8% confidence band (dotted)
and the standard error of the mean (dashed). The plot includes 0 0
the standard deviation (striped) and standard error
(cross-hatched) of baseline performance. Task: swab and inspect....... 104

A-I Crew 1 timelines for fire missions 1 and 3 in MOPP4-S ............. A-4
0

A-2 Crew I timelines for fire missions 5 and 6 in MOPP4-S ............... A-6

A-3 Crew 1 timelines for fire mission 7 in MOPP4-S.................... A-6

A-5 Crew I timelines for fire missions 4 and 2 in BDU.................A-8

A-6 Crew I timelines for fire missions 4 and 6 in BDU ................ A-8

A-7 Crew I timelines for fire missions 4 and 8 in BDU ................ A-9

A-8 Crew I timelines for fire missions 12 and 13 in BDU ................ A-SA-7 Crew 1 rimelines for fire missions 10 and 11 in BDU.A-10

A-8 Crew 1 timnelines for fire missions 12 and 13 in BDU ................ A-I1

xvi l:

L. •• ••



FIGURES (Continued)

Figure Page

A-9 Crew I timelines for fire missions 14 and 15 in BDU .............. A-12

A-10 Crew 1 timelines for fire missions 16 and 17 in BDU .............. A- 13

A-11 Crew 2 timelines for fire missions 1 and 3 in BDU ................ A-14

A-12 Crew 2 timelines for fire missions 4 and 6 in BDU...................A-15

A-13 Crew 2 timelines in fire missions 7 and 8 in BDU ................ A-165

A-14 Crew 2 timelines for fire missions 9 and 11 in BDU..................A-17

A-15 Crew 2 timelines for fire missions 12 and 13 in BDU ................ A- 18

A-16 Crew 2 timelines for fire missions 14 and 15 in BDU ............... A- 19

A-17 Crew 2 timelines for fire missions 16 in BDU ................... A-20

A- 18 Crew 2 timelines for fire missions I and 2 in MOPP4-Si............. A-21

A-19 Crew 2 timelines for fire missions 4 and 6 in MOPP4-S .............. A-22

A-20 Crew 2 timelines for fire missions 1 and 3 in MOPP4-R .............S A-23

A-21 Crew 2 timnelines for fire missions 5 and 6 in MOPP4-R ............ A-24

A-22 Crew 2 timelines for fire missions 7 and 8 in MOPP4-R ............ A-25

A-23 Crew 2 timelines for fire missions 9 and 10 in MOPP4-R ............ A-26

A-24 Crew 2 timehnes for fire missions 12 and 13 in MOPP4-R ........... A-27

A-25 Crew 2 timelines for fire missions 14 and 15 in MOPP4-R ............ A-28

A-26 Crew 2 timelines, for fire missions 6 and 17 in MOM4.-R ............ A-25i
A-27 Crew 2 timelines for fire missions 1 and 17 in MOPP4-R ............ A-23

A-28 Crew 3 timelines for fire missions 4 and 6 in MOPP4-S ............ A-31

xvii

(rn

V 0 0 0 0

I:_ 0 -6Ce ieie o ~ isos 6ad1 nMP .R..... -9J



FIGURES (Continued)

Figure Page

A-29 Crew 3 timelines for fire missions 7 and 8 in MOPP4-S ............ A-32

A-30 Crew 3 timelines for fire missions 1 and 3 in BDU ................ A-33

A-31 Crew 3 timelines for fire missions 4 and 6 in BDL..................A-34

A-32 Crew 3 timelines for fire missions 7 and 8 for BDU ................ A-35

A-33 Crew 3 timelines for fire missions 9 and I1 in BDU ............... A-36

A-34 Crew 3 timelines for fire missions 12 and 13 in BDU................A-37

A-35 Crew 3 timelines for fire missions 14 and 15 in BDU ............... A-38

A-36 Crew 3 timelines for fire missions 16 and 17 in BDU .............. A-39

A-37 Crew 3 timelines for fire missions 1 and 3 in MOPP4R .............. A-40
A-38 Crew 3 tim*lines for fire missions 5 and 6 in BDU ............. A-4
A-38 Crew 3 timelines for fire missions 7 and 6 in MOPP4-R ............ A-42

A-43 Crew 3 timelines for fire mission 9 in MOPP4-RP................. A-43

xv'iii

A.-9 Cew3 tmeine fo fr¢ nston 7 nd8 i MPP4R ........ A-20

eA4 rw iei e o ie so in MOPP-R0A04



TABLES i

Table Page

1-1 Brief task descriptions for the crew of ihe M198 (155 mm) howitzer 0
during fire m issions ....................................... I1

1-2 Fire mission events recorded for the M198 howitzer including
schematic timelines ......................................... 2

ion
1-3 Daily mission scenarios showing number of rounds planned for

each fire mission .......................................... 4

1-4 Summary of daily scenarios for the PZNBC 2 M198 howitzer exercise ..... 5

1-5 Start, stop and total times for each day of the M 198 howitzer exercise ... 6

1-6 Participant identification numbers for the. M198 howitzer exercise ....... 7

4-1 Definitions of tasks (in bold) for M198 howitzer fire missions in terms of
field-recorded events (in italics) .................................. 23

4-2 Upper and lower limits defining outliers for the task time measurernents.. . 33
i 4-3 Summary of regression slopes and ANOVA results for crews in BDU ... 35
4-3 •a 35

4-4 Summary of regression slopes and ANOVA results for crews in MOPP4-S. 36

4-5 Summary of regression slopes and ANOVA resu!ts for crews in MOPP4-R. 37

4-6 Regression results used to calculate baseline task times and uncertainty •
limits as a function of repetition number ......................... 40

5-1 Meteorological summary for the exeicise days (Zubal, 1992) ........... 44

5-2 Removal of crewmembers by medical personnel because of heat
strain lim its .. ........................................... 46

5-3 Number of crewmembers still operating versus time in MOPP4 ........ 47

5-4 Parameters for Weibull functions (Equation 5-1) describing the
fiactiuoj 0f crewmembers remaining as a function of time
in MOPPP4 for this exercise .................................. 51

5-5 Predictions of the FPNBC 2 Heat Strain Decision Aid (HSDA) with
metabolic work rate of 310 Watts for the MOPP4 scenarios ............. .2

xix

o

0 0 0 * 0 • •0 .



Tbl TABLES (Continued)
I' able Page

5-6 Predictions of the PNBC' Heat Strain Decision Aid (HSDA) with
metabolic work rate of 340 Watts for the MOPP4 scenarios ............ 54

5-7 Typical metabolic work rates (as quoted within the HSDA codc) ........ 55

'6-1 Statistical summaries by task fo, M198 howitzer crew performance vs.
time in MOPP4 with standard crew positions ...................... 105

6-2 Statistical summaries by task for M198 howitzer crew performance vs.
- time in MOFP4 with regimented rotation of crew positions ............ 108

7-1 Characterization of Tasks for an M 198 Fire Mission................ 112

7-2 Early degradation and change with time for M198 howitzer task
perform ance ............................................ 113

7-3 Tasks grouped by presence or absence of early degradation 0
(encumbrance) and slope of performance over time in MOPP4.
Task-averaged human ability demands within boxes are
derived from Table 7-2; number of crewmembers involved in
each task is in parentheses ................................... 117

A-1 Explanation of abbreviations used in timeline figures ............... A-1

A-2 Various reference and offset times (in seconds) for each scenario ....... A-3

xx

S•-

* 0 -•

'3-



SECTION 1 I

INTRODUCTION

During August of 1992, a team of contractors sponsored by the Defense Nuclear Agency

(DNA) pm-ticipated in an artillery field exercise at Aberdeen Proving Ground under the U. S.
Army's PI2NBC2 program. The purpose of the exercise was to measure and contrast various task
completion times of an M198 howitzer crew in battle dress uniform (BDU) and in full nuclear

and chemical protective gear (Mission-Oiented Protective Posture, Level 4 or MOPP4). The

DNA team, on a noninterference basis, recordcd 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. DESCRIPTION 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 main 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 tire 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 propellant. Close breech and prime firing
mechanism. Attach lanyard. Open breech, swab and inspect bore.,•:.

S-•
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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

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. r

Table 1-2. Fire mission events recorded for the M198 howitzer including schematic timelines.

Event t =Time Recording Points

CHIEF OF SECTION
Receive/call out fire mission t -- t
Standby t

GUNNER
Set deflection on sight* t

Traverse tube/level bubble t -t

Check sight picture t- t

ASSISTANT GUNNER
Set QE on range quadrant*

Elevate tube/level bubbles t --

Depress tube for loading t-t

CANNONEERS

Load start (set tray)

Ram projectile t

Close breech; prime 1-

Fire

Open breechlswab boret

RANGE SAFETY OFFICER

Safety check I-

*The end of this task is marked by the beginning of the subsequent event.

[ 2
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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 recor'd on Monday,

Wednesday, 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 crewr 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 other 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

nornial 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 generate 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 concerned.

Table 1-4 presents the schedule of scenarios followed by each crew and the outcome for each

scenario. In battle dress uniform (BDU), all three crews completed the scenarios as planned.

Crew I 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.

.Hi As part of the safety conditions of the exercise, medical personnel monitored the core

temperature, heart rate, and skin temperature 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
i,•itheart rate should not exceed '160 beats per minute for more than five minutes at rest P.. ;houldit exceed 180 for more than five minotes at work. If any of these physiological 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.

3
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Table 1-3. Daily mission scenarios showing number of rounds planned for each fire mission.

Fire Mission Number Number of Rounds (Alternate Mission Scenarios)

.1A B C0

16 6 6

2 51HA' 4 5 HAKI3 4 5 HA 40
4 4 4 5 HA

5 5 HA 5 HA 416 3 3 3
7 3 30

* Resupply and road march

28 4 4 40
9 3 25 ZS' 3

10 25 ZS 3 5

11 5 5 25 ZS

12 55 30

13 3 3 3

14 3 5

15 5 3 3
16 3 3 30

17 3 3 5

'HA High angle (elevation greater than 1000 rails)0

K 2ZS Zone and sweep

ILI
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Table 1-4. Summary of daily scenarios for the P2NBC ' M198 howitzer exercise.

Fire

Date Mission Scenario Missions Rounds

(1992) Crew Weekday Scenario Posturej Completed Completed Fired

10 Aug 1 Monday A BDU Yes 17 89

12 Aug 1 Wednesday C MOPP4-S No 7 30

14 Aug 1 Friday B BDU Yes 17 89

17 Aug 2 Monday A BDU Yes 162 89

19 Aug 2 Wednesday B MOPP4-S No 6 27

21 Aug 2 Friday C MOPP4-R Yes 17 C 9

24 Aug 3 Monday B MOPP4-S No 8+ 42'

26 Aug 3 Wednesday A BDU Yes 17 89

28 Aug 3 Friday C MOPP4-R No 9 37

Totals 114+ 581

BDU = Battle dress uniform
MOPP4 = Mission-Oriented Protective Posture, Level 4
-S = Standard positions with adjustments for missing crew members 0
-R = Regimented rotation of crew positions to distribute thermal work load

2 On this day, rounds from Fire Mission 17 were included in Fire Missicaj i6 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).

S

For all three crews, the first scenario followed in MOPP4 was with standdld crew positions

(MOPP4-S). None of the crews was able to complete its scenario. Each crew completed 6, 7,

or 8 fire missions before medical personnel 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 other hand,

5
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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 termination. As

procedures became routine, there was a generai trend toward earlier start times. On only one day
did operations halt before noon Eastern Daylight Time (EDT).

Table 1-5. Start, stop and total times for each day of the M 98 howitzer exrzcise.

Mission Reason for

Day' Start` Last Round Mission End Termination Total Elapsed Time

CiM 10.6272 15.9125 16.2561 Normal 5.629 = 5h 38m

CiW 10.2944 12.3767 13.20 Medical 2.906 = 2h 54m

CIF 9.6672 13.5925 13.7772 Normal 4.11 = 4h 7m

C2M 10.1508 14.0078 14.00 Range Safety 3.857 = 3h 51m

C2W 9.6656 11.3967 11.433 Medical 1.768 = lh 46m -

C2F 9.5894 15.7303 16.0047 Normal 6.415 = 6h 25m

C3M 9.7183 14.9169 14.9333 Medical 5.215 = 5h 13m
C3W 9.0956 13.3503 13.5775 Normal 4.482 = 4h 29m

C3F 9.0814 13.1069 13.15 Medical 4.069 - 411 4m

'See Table 1-4 for dates. CIM = Crew 1, Monday. etc.
2All times except the last column are clock tit..," kLff ) expressed in decinral hours.

Personnel in the exercise w, ce assigned pa-lrai,1t identification (PID) numbers denoting

their crew and position. Table 1-6 lists each P!D

H0
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Table 1-6. Participant identification numbers for the M198 howitzer exercise.

Crew I Crew 2 Crew 3 Position

10 20 30 Chief of Section 0

11 21 31 Gunner

J 12 22 32 Assistant Gunner

13 23 33 No. 1 Cannoneer (loader)

14 24 34 No, 1 Ammo (projectile handler)

15 25 35 No. 2 Ammo (projectile handler)!S

16 26 36 No. 1 Powder

17 27 37 No. 2 Powder

18 28 38 Radio Telephone Operator (RTO) 0

19 29 39 Driver? (projectile handler)

"In the US Marine Corps the driver is not part of the gun section, but is assigned with his vehicle

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 manner, the driver was

ava-ilable to assume or share duties of crewmembers who were pulled for heat strain.

70
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SECTION 2

DATA COLLECTION AND DESCRIPTION OF RECORDED EVENTS

This section 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 available 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

will 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 r,'plays of a video

tape, but the process would be cumbersome. Foi such complex crew operations, a better method

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 programuned computer will read 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 "2NBC2 artillery test at
Aberdeen Proving Grounds in August, 1992, we used a data logger program provided through

the courtesy of Dr. Greg King of DNA's Armed Forces Radiobiology Research Institute

(AFRRI). 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 impulsive event may be viewed as a time marking the beginning8/
S
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or end of an operation. For a continucas event, the logger program starts timing an interval iis'-

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 interval along with the key's event code from

the template. All times are recorded as elapsed times from the start of the data recording session

with a precision of 0.01 seconds. Each data file has a header that inclades the template with key 0
assignments and the date and time that the recording session was started, Additionally, the,. _

program allows alphanumeric comments to he entered in the data file during a recording session.

The following subsectiois 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 0

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. 0

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

F .... Fire

Each data logger used "F" to mark the fii ng 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 every 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 0

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 anticipation 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 thc 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 havc 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

9
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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. 0

2.3. EVENTS RECORDED BY LOGGER NO. 1: MAINLY CANNONEER TASKS.
During fire missions, Logger No. I recorded the cannoneer tasks and the receipt and calling

0
out of fire mission orders. Many of the cannoneer tasks involve a team effort. A three-man

subgroup prepares and loads the projectiles. Two 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
S

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

fices 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.

0 .... Receive/call out fire missioni'

We used "0" 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 Chief of Section calls out "fire mission" and everyone else 0
repeats the phrase. Then the Chief of Section ca'lls out each element of the orders and receives
confirmation from the designated crewmeniber(s). The last command called out was the quadrant

elevation, immediately preceded by the deflection. Logger No. I started "0" at thr. verbal

comnmand "fire mission" rather than when the tone sounded. Logger No. I ended "0" when the

quadrant elevation had been repeated 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 "seat" was used to coordinate the two cannoneers setting,; the tray into the

breech. Logger No. I 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 lip of the iray hit the breech

rim. The line of sight from our observation point to the breech was near!y always obstructed at
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this moment by either the No. 1 Cannoneer, the Chif f of Section, or the powde-r man bringing

the propellant bag, Thus, the primary cue for the "LU 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. Therefore, the timing of the

"L" event is not dependent on the timing of the elevate tube/level bubbles event or vice versa. J

On the first round of a normal fire mission, the "U 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 mission, 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. I 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 ýhe breech during the swabbing of the breech and be ready to seat the tray

immediately after thle No. I Cannoneer cleared the area. On some days, thle projectile handlers

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 .... Rain projectile

Thc sequence of verbal commands used by the projectile handlers was "seat, home, ready,

ram." Logger No. I 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 secona rain. 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 thle 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. I 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, I Cannoneer. This preparation of the charge,



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

well, the No. I Cannoneer would finish swabbing the bore from the previous round, turn around,

adbe hnethnxtprepared powder bag immediately. Delay became more likely as the

crwdropped below the full complement of ten men. When the crew was down to seven, the

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

or preparation of the charge.

Logger No. 1 started the "J' interval when the breech was slammed shut. The motions of

the No. 1 Cannoneer were usually visible, but the main cue was the audible slammngrn of the

breech, Locking the bre-ech 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 ()- lying

nearby. The stepping back movement varied considerably from man to man. Nevertheless, the

clear establishment of movement away from the breech was used as the cue to end "J".

Alternatives were no better. Difficulties closing the primer latch necessitated repeated closing0

attempts, making latch closure an unsuitable marker. Also, the 'primed" report from the No. I

Canroneer was not consistently audible.

Interpretation of th(- "Y' interval is complicated by differences in the location of unwrapped

primers re-lative to the No. 1 Cannoneer. Usual procedure is to take the primers from a cardboard6 0

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

US Axrmy Human Engineering Laboratory (HEL) was testing the utility of a prinier rack located

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

size, an inexperienced No. 1 Cannoneer did not have the primers prepared in advance and was0

removing the foil wrapper from each primer during the "Y' interval.

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

nmeasured 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 time0

to attach the lanyard to the firing mechanism which occurs at the command standby.1 .. Open breech/swab bore
Immediately after firing the howitzer, the No. I Cannoneer detaches the lanyard, opens the

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

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

from mechanical problems or human er-ror involved in this step; however, the line of sight was
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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 hi the start of this interval. The No. 1

Cannoneer takes ihe 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 0
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 saxne time or even 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 exanine the bore of the howitzer.

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

During fire missions, Logger No. 2 recorded the Gunner tasks and the command "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 rccording Logger

No. 2 data. There is usually general agreement between the two observers but occasionally *
siv¢nificant 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 for the fire mission, the Gunner turns a crank (azimuth

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

(the azimuth counter) to the deflection setting. Logger No. 2 used "U" to record the time at

which the gunner put his hand to the crank. The Gunner had available an electronic display of

the deflection setting for the mission allowing himi to set the deflection before receiving the oral

numbers from the Chief of Section.

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

impulse event "U" to the beginning of the "P'" interval as discussed below.
i0

P .... Traverse tube/level bubble

Immediately after setting 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 waist 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, 0
a periscope-like device) to align his crosshairs 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 setting the deflection. For analysis, the timt to

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 end of the

traverse. The measurement was treated differently for Crew I than for Crews 2 and 3.

0

R .... Standby

Logger No. 2 used "R" to record the verbal command standby delivered by the Chief of

Section. All fire missions in this exercise were conductd unaer the special instruction "at my

command." Under this procedure, the No. I Cannoneer primes the howitzer but does not attach * *
the lanyard until the Chief of Section determines that all is ready. This procedure permits the

Raitge Safety Officer to conduct a safety check prior to clearing the howitzer to be fired. At the

command atandbv, the No. 1 Cannoneer attaches the lanyard and at the conunand fire from the

Chief of Section, he pulls the lanyard. These two commands arc usually 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

emphasis on the second. A systematic variance would occur between observers who key on

different syllables. This issue was not recognized or d.scussed by the observers during the

exercise.

Li K .... Check sight picture

Alter each round is tired, the Gunner mnusL 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 adjustments in traverse to realign his sight picturc 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. S

Because of inexperience among the team of obseivers and ambibuity 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 4.

Monday morning 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 event 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. Observations 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. It was not

pt le to distinguish with any reliability his glances to see if the bubbles still indicated level .

after each 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 agreementbetween the two observers but also significant differences. The variance between two observers

is indicative of th(e indefiniteness of the visual cues consisting of relatively minor head and hand

motions viewed from a distance.

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

IE~
The Assistant Gunner receives a 3 or 4 digit elevation angle (in milliradians or "mils") which

he sets into a mechanical register (part of the range quadrant) by turning a small crank at about

eye !evel with his right hand. When the correct value is set, the Assistant Gunner vigorously
turns a m-ed iuia- -sized cra nk w eel 'to hydraulically in1ia 1g Lt ; t;u be to the proi~er elevation

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

elevation task time is calculated as the interval between the impulse "Q" event and the beginning

of the "E" interval. X

The Assistant Gunner receives the quadrant elevation angle in two ways, first as a digital Jr

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 S
read the elevation from the display, enter it, and frequently elevate the tube by the time the Chief
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

command before setting the elevation on the range quadrant and elevating the tube.
Often, the Assistant Gunner was aided in his tasks by the Gunner. Zone and sweep missions

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 set

elevation ("Q") event since the Assistant Gunner would go directly from setting the elevation to

elevating 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. S
LU LeCEd C Lime LaCI d~ ie iAssistantthe ofigiiial iitiimt was to use the "E" iteival tmecord taken 0 1

Gunner to level the bubbles on the range quadrant after each round was fired. We found.

however, that there were not sufficient visual cues to time this task. Furthermore, consultation
with an Assistant Gunner verified that, as a rule, no adjustme'ts were required. His glances at
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the bubbles to check for a level condition were not apparent to us, so we gave up timing this 4)

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 record

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 Gunne;- 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.

0
1Y! D .... Depress tube for loading

For high angle missions, the howitzer tube must be depressed (have its elevation angle

lowered) after each round is fired to allow the Cannoneers to load and ram the projectile for the

next round. Alter a successful ram is achieved, the tube must be 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 "L" event does not require a fine

adjustment of angle at the end for loading.

S .... Safety check

Range swfety procedures required 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 from 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 mission. 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 deflection and elevati-n angles are set

..properly. The Chief of Section, noting that thz howitzer is primed and fie NU. I Cannoneer is

at attention, reports "gun safe an. .eady to fire." Safety checks are then made. After the Range.A
4-- Safety Officer is satisfied that the howitzer is aimed within the physica) limits of the safety range

9. a~fan, he blows two whistles and the Chief of Section gives the order 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

to the standby event "R" as recorded by Logger No. 2.As

Occasionally, a primer misfire, an aircraft overflight, or a boat intrusion on the firing range0

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 command.

0
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SECTION 3

EVENT DATA

This section discusses data reduction and reconciliation procedures leading to prucessed A

data files that contain final mea --.d times for each of the events described in Section 2. This

section also describes event timeh...es constructed for each fire mission from these data files.

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 humnan observers or data loggers (McClellan, 1992).

On certain exercise days, fourth and sometimes fifth data 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-collected 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 to generate preliminary event listings 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.

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

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 McClellan, 1992). Final event timelines for each fire mission are constructed

from these merged event files. Figure 3-2 shows an example of such a timeline for F-rc Mission

9 of Crew 3 in MOFP4-R. the last fire 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 aad to the vertical hash marks at either end of the lines.
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fire iAppendix 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 timelines is quite useful for a quick impression of the flow of events and provides a

convenient reference for examining anomalies encountered in the analysis of task times derived 0
.2. from the data. AnomaIbi's such as the double ram in Figure 3-2 can frequently be correlated with

comments recorded by the data loggers during the exercise. These comments are included fire

mission-by-fire mission in Appendix B. In addition, the timeline plots are accurate and provide

a quantitative representation of the event data.
A

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

Orders -------. 0

Set DeO1
Treverso
Chk Sight
Set Elev y

clevate - •----
Depress
Load
Rain~ W
Ci arch 0

Safe Chk

Standby V v V
Fire V

n 350 5400 5450 5FO0 5550 56

Time, s

Figure 3-2. The timeline for mc-sured events from Fire Mission 9 of Crew 3 in MOPP4-R.
See Appendix A for an explanatiu, of evept abbreviations and the origin of the
time coordinate.
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SECTION 4

DEFINITION AND ANALYSIS OF TASK TIME S

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 M198 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 M 198 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 impulsive 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 names are bolded.

Relay Orders
The relay orders task time is the duration of the receive/call our fire mission contiriiious

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 receive/call out fire mission 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

if out the orders. The time will be in the 10 or 20 second range if the Gunner waits to receive the
deflection angle orally.
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Table 4-1. Deflaition of tasks (in bold) foi- M1 98 howitzer fire missions in terins' of
field-recorded events (in italics).

Relay Orders = Duration[ Receive/icall out fire mission]

Begin Set Deflection =Time[Set deflection on sight] - Start[Receive/call out fire mission]

Set Deflection =Start[Traverse tube/level bubble] - Time[Set deflection]

Traverse Tube =Duration[ Traverse tubel~evel bubble]

Begin Set Elevation =Time[Set QE on range quadrant] - Start[Receive/call out fire mission]

Set Elevation =Start[Ebevate tube/level bubbles] - Time[Set QE on range quadrant]

Elevate Tube =Duration[ Elevcate tube/level bubbles]

Begin First Load =Time[Load start (set tray); I1st rounidb] - Start [Receive/call out fire mission]

Load Projectile =Time[Ramn 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' = Staz-t[Close breech/prime; I1st round] - Time[(Load start (set tra~y): 1 st round]

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

Fire = Time[Fire] - Timne[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 = (7- Duration[Check sight picture; all rounds])/(# of rounds - 1)

Begin Reload =Time[Load start (set tray); repeat rounds'] - End[Open breech/swab bore]* *
Reload Powder =Start[Close breech/prime; repeat rounds] -TimeiRam projectile; repeat

rounds]

Reload Projectile
and Powder' Start[Close breech/prime; repeat rounds] - Tinie[Load start (set tray); repeat

Last Open Breech Start[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 onily.

'he square bracket notations in the table have the following meanings:
Time[event] recorded iimc of an impulse event.
Startlevent] starting time of recorded interval for a continuous event,
End[event] ending time of recorded interval for a continuous event.
Durationfevent] = duration of recorded interval for a continuous event.

bj5 t round =first round of a fire mission.

"cMlis task is a combination oi* the two preceeding tasks. See text for discussion.

d repeat rounds =second and succeeding rounds of a fire mission.

23



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 set deflection

impulsive event and the start of the traverse tube/level bubble continuous event. 0
Traverse Tube J,)

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 motion 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 outfire mivsion continuous event to the time of the set

QE 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: 10 or 20 second range

if the Assistant Gunner waits to receive the elevation angle verbally. * *

Set Elevation

The set elevation task time is the time taken by the Assistant Gunner to enter the elevation

angle on the range quadrant as described in -',ection 2.5. It is the time interval between the set I
QE on range quadrant impulsive event aad the start of the elevate tube/level bubbles continuous

event.

Elevate Tube

The elevate tube task time is the duration of thn elevate tube/level bubbles continuous event

0 as described in Section 2.5.

Begin First Load

The begin first load 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 outfire mission

24

0

*1• . • • • •



continuous event to the time of the load start (seat tray) impulsive event for the I1st round of the_

fire mission.
ýJ1

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 (seat 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

-4r from the time of the ram projectile impulsive event to the start of the close breech/primie
TETI 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

m -ission 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 rfor the first round of the fire mission to the start of thc close breech/prime

continuous event for the same round. This combined task is included for two reasons. First, the

aram projectile impulsive event was not recorded for Crew 1, so there is no way to separate the

tasks for the Crew I 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

Th okbreech anJ prime task time is the duration of the close breech/prime task as

described in Section 2.3.
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Fire 4
The fire task time is the time taken by the No. 1 Cannoneer to attach the lany.ard in response

the command "standby" from the Chief of Section and then fire the howitzer in response to the

"fire" command 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 impulsive 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

hu 'itzer 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 evcnt to the start of the open

breech/swab bore continuous event. Frequently, 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

nmission.

Swab Chamber

The swab chamber task time is the time taken by the No. 1 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 0
open breech/swab bore continuous event as desciibed 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 0
The check sight task time is the time taken by the Gunner to verify that the howitzer tube

is 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 -

definer, 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, chri: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 ail check sight picture continuous
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events during a fire mission divided by the number of rounds in the fire mission less one (tile (O)

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 tile next round after a round is fired and the chamber

is 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 ,ray) 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 rcund 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. I

Cannoneer by the time the projectile has been loaded.

* 0

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 calLulated as the interval from the time of the load start (seat tray)

impulsive event after a round has been fired to the staxt of the close breech/prime continuous

event for the next round. This combined task is included for two rc isons. First, the ram

projectile impulsive event was not recorded for Crew 1, so there is no way to separate the tasks

for the Crew I data. Second, the questionnaire assessment of performance degradation given to

the crew members during the exercise included only the lumped task time.
0

Last Open Breech

The last open breech task ime 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 i
breech block, it is calculated as the interval from the time of thefire impulsive event to the start

of the open breech/swab bore continuous event. 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 4
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 rout.d as described

in Section 2.3. This task time is generally longer 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 TIMFS.

Task comnpetion times for the above defined tasks are calculated from the reconciled 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 time 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 I for the analysis of time to first round and time between * *
rounds. Figure C-1 sbows measured task completion times for relay ore-r s plotted verso-

scenario time (see Appendix A) for each crew in BDU. Figure C-2 shows the aggregated data

from Figure C-I plotted versus fire mission number, the repetition number for this task.

Each plot in Pigures C- I and C-2 includes ,, regression line with a 68% confidence band.

Table C-I presents a statistical surmony for these regression lines. The task time data for relay

orders and most other task!, have been transformed with the log,0 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 I ormation

imrvsthe norniaity 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 crewmemnbers in BDU. This task is chosen because

thr sreasonable consistency between the two crews and little change in task time over the

scnro.The chi-squared test shows that there is only a 1.7% chance of obtaining the observed
asymmetry of the distribution of the untransformed task time data in such a trial if the

untransformed data were normially distributed. On the other hand, there is 9.8% chance of
obtaining the observed disiribution if the log transformed data were normally distributed. For

28

ILI! S • •• • j • • e • S

I . 0..... ...... .. . ........ .... _ 0 S.... ...... 0 S 6.... .. 0 0 .. . . . .. 0•i... . . --•-" . . . .. .... •• .. .... "m im



4 4)

Normality of Task Time Distrlbu 'ons
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Figure 4-1. Chi-squared test for normality shows that the reload powder task time distribution

is more nearly log iv mal (b) than normal (a); (c) compaves 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 Figure 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 semilogarit&,nic, as in Figures C-I

and C-.2, so that regresskn 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 are 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-I have appropriate

corresponding units.

The figures and tables in Appendix C for the tasks with crewmernbers in BDU have the same * *
format and units as those for relay orders 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 foi 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 tine in MOPP4 differ by only a few minutes as discussed

in Appendix A.

4.2.2. Analysis of Variance and Aggregation 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 differences are judged insignificant. It is then statistically
valid to aggregate the data from all crews and assert that aggregate results are characteristic of
the crewvs.

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. hideed, inspection of Figure C-I 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 sometimes useful to have a

single performance representation even if crews are not equivalent.

Aggregate 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 Volume 1 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 impiovement is attributed to a practice or warmup effect and is presumably2 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 crewmembers in MOPP4

are presented and analyzed versus time 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 task will inevitably contain outiiers, that is,

points that deviate an unreasonable amount from the mean of the distribution. If the task times

:L.• (or their logarithms) are normally distributed, tben the significance of a deviation can be judged

quantitatively with a statistical test. Outliers are identified by setting a probability threshold

below wl--ch values are unlikely to belong to a normal distribution of measured times for thep9 given sample. Alternatively, observations regarding e3,,raneous factors affecting the data may

be used to designate outliers.

The analysis in t;iis 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

,log•rs. Appendix D contains a di.scusio f .ri. ...... Wf .,.f .t. ...

for each task time.

Outliers may result from either observer error or crew error. Whenever pos- le, observer

errors have been eliminated from the data with rmdundancy and consistency check!,. However,I *
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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

remeasurment of all event times, would be labor intensive and has not been done. Present2 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 4)
defining outliers 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 outliers 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 battlefield 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 axample, 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 t;,c 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 exercise. 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. Outliers 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 regressicri
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Table 4-2. Upper and lower limits defining outliers for the task time measurements.

Task Outlier limits in seconds

BDU MOPP4-S MOPP4-R

Lower Upper Lower Upper Lower Upper

Relay orders 17.0 100.0 25.0 100.0 17.0 100.0
Begin set deflection -100.0 13.0 -100.0 15.0 -100.0 13.0

Set deflection 2.5 17.5 2.5 17.5 2.5 17.5

Traverse tube" 10.0 30.0 10.0 38.0 13.0 38.0
Begin set elevation -5.0 10.0 -5.0 15.0 --5.0 15.0

Set elevation 2.5 17.5 2.5 17.5 3.5 17.5

Elevate tube -100.0 35.0 13.0 35.0 13.0 35.0
Begin first load 19.0 90.0 19.0 90.0 19.0 90.0

Load projectile 1.0 9.0 1.0 9.0 2.4 9.0

Load first powder -100,0 20.0 5.0 35.0 -100.0 35.0
Load first projo and pwdr -100.0 20.0 -100.0 30.0 -100.0 30.0

Lock breech and prime 2.0 10.0 2.0 10.0 2.0 15.0

Fire 1.0 5.3 1.0 8.0 1.0 8.0
Open breech 1.0 3.5 1.0 5.0 1.0 5.0

Swab chamber 3.5 9.0 4,0 15.0 4.0 15.0
Check sight 2,0 100.0 3.0 100.0 2.0 100.0

Begin reload -2.0 20.0 -2.0 20.0 -2.0 20.0
Reload powder -100.0 10.0 -100.0 10.0 -100.0 10.0

R-load projo and pwdr -100.0 15.0 -100.0 15.0 -100.0 15.0

Last open breech 1.0 4.5 1.0 5.0 1.0 5.0
Swab and inspect 7.0 100.0 7.0 100.0 5.0 100.0

'Applies only to Crews 2 and 3 (Traverse tube II).

0
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analyses or in tl~e analysis of variance. Furthermore, the outlier data points are not carried (•)

forward to crew aggregate plots nor to subsequent performance -talculations.

4.2.4. Summary of Task Time Regressions and ANOVA. .

Appendix C presents figures and tables for each task following the order of the 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 fire subsequent rounds. For convenience of visual

comparison, data for all three crew postures (BDU, MOPP4-S, and MOPP4-R) are grouped
together for each task. The following discussiun summarizes results 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 in.reasing
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 projectile and
powder, having a significant (positive) slope.

Table 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 ANOVA 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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Table 4-3. Summary of regression slopes and ANOVA results for crews in BDU.

Task Sign of slope' ANOVA Sign of slope b

Crew Prob. value Aggregate
of F data

1 2 3

Relay orders o - o 0.000
Begin set deflection o + o 0.006

Set deflection o o o 0.873 0t

Traverse tube I o

Traverse tube H o 0 0.676 0

Begin set elevation o o 0 0.014

Set elevation 0 o + 0.492 0

Elevate tube o 0 0 0.191 0

Begin first load - 0 o 0.000

Load projectile a 0 0.000

Load first powder o a 0.176 0

Load first projo and pwdr a 0 0 0.005

Lock breech and prime o - 0 0.000
Fire - 0 0 0.000

Open breech 0 o - 0.000 * .

Swab chamber 0 0 0 0.005

Check sight 0 0 - 0.010

Begin reload 0 o a 0.000

Reload powder a 0 0.095 o

Reload projo and pwdr o a 0 0.008

Last open breech 0 o o 0.002

Swab and inspect o + o 0.000 0
"Sign of slope is "o" if prob i from regression analysis is >0.05, that is, no statistically
significant slope. Blank entry means no data available.

bSign 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 statistically significant differences in task time distribution 6
among the crews. The ANOVA results show that performance was equivalent among the
crews for only 6 out of 21 tasks. For these 6 ta.ks, 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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Table 4-4. Summnary of regression slopes and ANOVA results for crews in MOPP4-S.0

Task Sign of slope' ANOVA Sign of Slope"

Crew Prob. value Aggregate
of F data'

1 2 3 A

Relay orders o o 0 0.087 o
Begin set deflection 0 0 + 0.954 0
Set deflection - 0 0 0.008

Traverse tube 1 o

Traverse tube 111 o 0 0.024

Begin set elevation o + + 0.100 o0
Set elevation 0 - o 0.839 0

Elevate tube 0 0 a 0.729 0
Begin first load - o o 0.035
Load projectile - + 0.046
Load first powder 0 0 0.043
Load first projo and pwdr 0 0 + 0.464 +

Lock breech and prime 0 + 0 0.000
Fire o + a 0.0000

Open breech o 0 0 0.470 o
Swab chamber o 0 + 0.002
Check sight o 0 o 0.320 o

Begin reload o 0 + 0.264 o

Reload powdeý 0 0 0.000
Reload projo and pwdr + 0 + 0.000
Last open breech o o o 0.720 o
Swab and inspect a 0 o 0.002

aSign of slope is "o" if prob t from regression analysis is >0.05, that is, no statisticallyLisignificant slope. Blank entry means no data available.0

'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 statistically significant differences in task time distribution

among the crews.
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Table 4-5. Summary of regression slopes and ANOVA results for crews in MOPP4-R. ()

Task Sign of slope" ANOVA Sign of slopeb

Crew Prob. value Aggregate
ofF data

1C 2 3

Relay orders o o 0.757 o 0

Begin set deflection o o 0.054 o
Set deflection o 0 0.107 0
Traverse tube I
Traverse tube II o - 0.435 o

SBegin set elevation + 0 0.381 0

Set elevation 0 + 0.589 0

Elevate tube 0 o 0.056 +
Begin first load o 0.587 0

Load projectile o + 0.725 a

Load first powder 0 0 0.086 +

Load first projo and pwdr o 0 0.198 +

Lock breech and prime 0 o 0.002 * *
Fire o 0 0.437 0

Open breech 0 0 0.011

Swab chamber + 0 0.001

Check sight a 0 0.000 40

Begin reload o o 0.017

Reload powder 4 + 0.132 +

Reload projo and pwdr + 0 0.146 +

Last open breech 0 0 0.271 o a

Swab and inspect o o 0.569 o

-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.
o

bSign of slope flro 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.

cCrew 1 did not conduct a scenario in MOPP4-R. -
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Taken together, the MOPP4-S 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 perfornwnce) 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 Cannoneer tasks. V")

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 t,) to the task completion

time t in MOPP gear:
(0

P = to/t. (4-1)

SThe me-n 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 selecLion of an appropriate baseline for measurernents 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 ta,,ks, 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 consistency among the crews as indicated in Table 4-3, a 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 are negative, that is, the

baseline time tends to decrease over time. This decrease is attributed to a warmup effect as

discussed 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 1 in BDU

is from its third day of scenarios, the second day in BDU. Since there is no correlation with

3
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scenario order, it is assumed that the negative slopes represent a variation that would occur on

any day of operations, rather than a learning effect that would go away with practice. If the 4
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 baseline 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 data sets. 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

Table 4-3 shows that the data is statistically consistent 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 68%

confidence band pl,,tted with each 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

68% 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 t-distribution is wider

than two standard deviations.
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0

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 quite 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 wel- .

determined slope resulting in little variation of the width of the 68% confidence band for

different repetition numbers (see, for example, Figure C-I). The column labelled s.d. in Table

4-6 lists the standard deviation of the estimate from the regression analyses of the aggregate crew 0

data for each task. It characterizes the spread of task times to be expected 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 measurements is the standard error of the mean. The standard error of the mean

predicted by the regression line varies with repetition number 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 repetition number starts at I by @
definition. However, the standard error of the constant is con venient as a representative

characterization 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 (see, for example, Figure C-1). The

column labe:lled s.c. in Table 4-6 lists the ;,,andard error of the constant from the regression

analyses of the aggregate crew data for each task.

4.3.4. Special Cases. 0
As stated before, Table 4-6 shows the constant and slope used to predicl baseline task

completion tines for each crew as a function of task repetition number. Special cases shotwn in

italics in Table 4-6 are discussed in the following paragraphs.

Table 4-3 shows that, generally, the individual regression lines for each 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 I in that, unlike Crews 2 and 3,

Crew I performed the task slower in 13)U than in MON)1P4. The Crew I time in BDU its 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 baseline time for Crew I for all fire missions in

MOPPA is set equal to the regression line value for Fire Mission 17 in BDU.

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

Section 2.2 for the fire event and in Appendix C foy the fire task, the Loader for Crew 2, as a
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1
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 learning

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 t.ime for all MOPP4 nre 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 baseline times from the regression line are accepted without chai.ge.
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

"equivalent to ttz 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 pressu'e, it is
likely that 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 1 in BDU.

In summaiy, 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 thal accompanies his report.

J0
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SECTION 5

HEAT STRESS AND STRAIN

i0

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. 0

Sources of theirnal energy 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 str.,ss 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 physica; condition 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 0

strain suffered by each. When a crewmember exceeded predetermined physiological limits, he
was removed from the exercise. Performance measurements from the exercise, therefore,

represent the capability of remaining crewmembers with heat strain less than the exercise limits.

Ihe 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 strain. 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 0
P2NBC2 Heat Strain Decision Aid (HSDA) progrart, Version 2.0, which is based on algorithms

from the U.S. Army Research Institute for Environmental Medicine (USARIEM).

5.1. METEROLOGICAL DATA. 0

Table 5-1 summarizes meteorological daL. 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 I includes plots of hourly insolation.'P--

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

Starting Conditions Ending Conditions Average Solar Insolation

Wind Wind Time 0
Crew Temp Hum Ave/Pk Temp Hum Ave/Pk Interval Insolation

OF % kt OF % kt EDT W/m2
CiM 82 71 5/10 88 58 6/11 10.63 - 16.26 747
C1W 77 81 -- 79 68 -- 10.29 - 13.20 691
CIF 68 90 3/7 74 79 2/6 9.67 - 13.78 440 S

C2M 70 92 3/7 72 92 3/5 10.15 - 14.00 148
C2W 76 81 3/6 K1 63 2/8 9.67 - 11.43 653
C2F 70 71 3/7 77 54 4/6 9.59 - 16.00 815

C3M 75 84 3/5 81 63 5/8 9.72 - 14.93 784 0
C3W 79 86 3/4 89 63 4/7 9.10 - 13.58 635
C3F 77 90 5/9 85 71 11/19 9.08 - 13.15 631

Since the crews did not use a camouflage net for this exercise, shading of the crewmembers 0 0

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 scenario, was the sunniest day but had the lowest

combination of temperature and humidity. Generally, the air temperature was in the range of 75 0

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 corrected data are underlined in Table 5-1. 0

5.2. PHYSIOLOGICAL DATA.

Appendix E presents plots of core temperature, heart rate, and skin temperature (Redmond,

1 9t)2) for each crewmember on each day of the. exercise for both BDU and MOPP4 conditions. 0

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 0
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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, c itually giving a stable reading of core

temperature.

The transmitted signals in Appendix E clearly show the effect of water ingestion. Much of

the core temperature data for this exercise is so frequently influenced by drinking water that it
cannot be used as a quantitative measure of heat strain. Some of the data could be recovered
with a thermal model of the s, :mach; however, such an effort is beyond the scope of this study.

Skin tumperature was measured by sensors at three different locations on the torso. One of
tUe sensor locatiens 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 ol 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, andI wouli also require careful signal processing to provide reliable
data. 0

In conclusion, further analysis anj data processing would be required to use the physiological

data presented in Appendix, E to generate a quantitati-e meLzure of heat strain. The analysis in

this report uses the less satisfactory but more reliable choice of quantifying heat stress through

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 peesonnnel was that a crewmember's core
temperature should noL rise above 39.4 'C. Second. a crewmember's heart rate should not exceed

160 beats per minute f~r more than fivc. 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 crewmember,

he was withdrawn from operations and given medical attention. In addition, crewmembers close

to the limits were sometimes examined race-to-face by medical personnei and removed at their

• . discretion. Remaining crewmembers resumed operations with position and task adjustments as
necessary. When only six crewmei "'-ýrs remained, the exercire was halted for the day.

All of those crewmembers removed from the exercise by medical personnel were still

performing their tasks just before removal, although their conditions varied. Some clearly wanted
[ - to 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.

'Fable 5-2 summarizes, for each day of the exercise and each indiv-dual removed, the removal
time. Participant Identification (PID) number, number of fure missions completed, and a

qualitative description of the reason for removal. 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 Q)
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 crcwmembers, there is no

data available for more than 40% attrition.A Table 5-2. Removal of crewmembers by medical personnel because of heat strain limits. "-_

Fire
Crew/Day Removal missions 0

(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 recommendation to
terminate scenario.

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

C2F (R) 4:26 8 27 Shortness of breath
5:11 11 25 Pulled by mistake <<<<<NOTE>>>>>
5:24 11 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 33 Body core temperature

C3F (R) 2:26 7 34 Heat symptoms
I3:15 7 36 Body core temperature

3:37 7 37 Body core temperature
4:34 9 32 Body core temperature

Z; .... The reason for rernoval as listcd in" this table was recorded by thew,•r" D oNA e- ..... sromword-of-

"mouth information during the exercise and is an incomplete indication of crewmember condition.
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Table 5-3. Number of crewmembers still operating versus time in MOPP4.
'r•1 Mean crew size during interval (out of 10 unless otherwise indicated)

Time in MOPP4 AfOPP4-S MOPP4-R Ox

Interval Mean Crew 1 Crew 2 Crew 3 crew 2 Crew3 3
(h) (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

.8- 1.0 .9 10 9 10 10 10

1.0 -1.2 1.1 10 8.5 W 10 10

1.2 -1.4 1.3 10 7 10 10 10

1.4- 1.6 1.5 10 6.35 if 10 10

1.6- 1.8 1.7 9.5 10 10 10

1.8 2.0 1.9 9 10 10 10

2.0- 2.2 2.1 9 10 10 10

2.2 -2.4 2.3 8 9.5 10 10

2.4 -2.6 2.5 7.5 9 10 9.2

2.6- 2.8 2.7 7 9 10 9

2.8- 3.0 2.9 6 8.6 10 9

3.0-3.2 3.1 8 10 9 0

3.2 -3.4 3.3 8 10 8.2

3.4 3 6 3.5 8 1o 8

3.6 3.8 3.7 8 10 7.1

3.8 -4.0 3.9 8 10 7 S

4.0 .4.2 4.1 8 10 6.4

4.2 -4.4 43 8 10 -

4.4 4.6 4.5 7.2 9.2 .

4.6 -4.8 4.7 7 9 • S
4.8 5.0 4.9 7 9 -

5.0 5.2 5.1 6.2 9

5.2 5.4 5.3 - 8of9T

5.4 - 5.6 5.5 7 of 9 -

S.6- 5.8 5.7 7 of 9

5.8 - 60 5.9 7 of 9

6.0 - 6.2 671 7of 9

6,2 - 6.4 6.3 7 of9 9

'As indicated in 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 crewmembers 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 calculated with a two-parameter

function commonly called a Weibull function:

F(t) = exp[-ln(2)x(t/to)r], (5-1)

where t. i,. a parameter with dimensions of time determining when the function drops to 50%

of its initial value and y is a dimensionless parameter determining the slope of the function in 0

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 Fquation 5-1 with the mean parameter values. Because. there is _

no data beyond 40% attrition, the use 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), * -

con.sistent with the expectation of distributing the thermal work load of crewmembers through

the rotation. This tibservation is illustrated by the mean values of t, in Table 5-4, 5.9 h for

MOPP4-R versus 3.7 h for MOPP4-S.

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 for standard. These variations indicate a need to examine the impact of weather conditions

on the exercise..
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MOPP4-S (Standard crew positions)0

0.9

0,7

Fraction ____

of crew O

remaining
0.5 7

0.0

0.2

0.1 -- ---.

0 2 4 6 8 10 12

oCrew ITime in MOFP4, h
Wcibull fit
Crew 2

-. Weihull fit
SCrew 3

Weibull fit
-Mean Weibull parameters

Figure 5-1. Attrition of crewmernbers during the MOPP4-S scenarios.

00

49mo



MOPP4-R (Regimented rotation of ciew positions)
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0.8 -

0.7 07

Fraction 0.6
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SCrew 2 Time in WMOPP4, h
Wcibull fit

*Crew 3
*Weibull fit

-Mean Weibull parameters

Figure 5-2. Attrition of crewmembers during the MOPP4-R scenarios.
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Table 5-4. Parameters for Weibull functions (Equation 5-1) describing the fraction of U%
crewmembers remaining as a function of time in MOPP4 for this exercise'. 6

MOPP4-S MOPP4-R -.

H Crew y to h

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

interaction with the environment. The P2NBC' 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 ac-dvity 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 * *
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 M198 exercise. The model indicates 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 each of the exercise days in MOIP4

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

extent of each scenario in this exercise. Since the 2 hour equilibration time of core temperature
indicated by the HSDA code is less than the scenario lengths, ther i.i time for chnges in

ambient conditions to affect the outcome of the exercise. The calculations summarized in Table

5-5 use the ambient weather conditions at the end of each scenario as representative thr

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 4 i

(C2W-S) conditions does the predicted final core temperature exceed 39.4 'C at a work rate of

310 W. For this case, the core temperature 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 5-5 as the with 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 times are listed as >5 hours, the

length of the HSDA calculation.

The table also lists the probability of casualty 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 P2NBC2 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
Crew core of tine, h Mission -
Day Temp Hum Wind temp. casual. time

No With

OF % knots (C % rest rest h

C2F-R 77 54 4 39.09 21.4 -5 25 Ž6.4 0

C3F-R 85 71 11 39.23 30.2 >5 Ž5 4.1

C3M-S 81 63 5 39.23 30.3 >5 Ž-5 5.2

CIW-S 79 68 Y 39.34 38.2 _Ž5 2:5 2.9 0

C2W-S 81 63 2 39.51 50.4 1.7 2.8 1.8

"Value estimated from written comments of objervers which indicated light winds.

0
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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. It is significant that there is a nearly 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 inverrse

relationship indicates that meteorology had a significant impact on the outcome of the scenarios.

Table 5-6 presents similar code predictions 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 flom 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

minutzes. 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 ranlge for an average.

Table 5-6. Predictions of P'NBC' Heat Strain Decision Aid (HSDA) with metabolic work rate

of 340 Watts for the MOPP4 scenarios.

Weather report at *
end of scenario JlSDA code predictions Field data

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 Ž!5 _>5 >6.4

C3M-S 81 (i 5 39.52 51.3 1.7 2.7 5.2

C3F-R 85 71 11 39.53 51.9 1.7 2.6 4.1

CIW-S 79 68 3' 39.64 60.3 1.4 2.2 2.9

C2W-S 91 63 2 39.81 72.4 1.1 1.8 1.8

"Value 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).

Activity Metabolic work rate 0

Standing in foxhole or sitting in truck 
116 Warts

Guard duty 137

Walking, hard surface, 1 m/s. 20 kg load 255 0

Walking, loose sand, 1 m/s, no load 326

Walking, hard surface. 1.56 ni/s, no load 361

Calisthenics 378

2 Walking, hard surface, 1.56 mis, 20 kg load 448

Pick and shovel 465

Emplacement digging 540
0

5.6. SUMMARY

The following statements summarize findings regarding meteorology arid the HSDA code

calculations: • *

1. The IISDA code shows that the characteristic time for core temperature equilibriation is about

40 minutes, ,;ignificantly shorter than the daily exercise time. Therefore, variations in meteorology

during each day's exercise can affect the outcome.

2. The HSDA code predicts about 0.5 'C core temperature variation due to day-to-day variations

in meteorology.

S

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 -n average work

rate.
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These observations support the following conclusions: ( L

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 ,e 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 in mission

lengths for the different scenarios.

"4. Analysis of the attrition data and the task time data would be improved by modeling the time

dependence of both the ambient 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.
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SECTION 6

RESULTS FOR TASK PERFORMANCE IN MOPP4

This section discusses the definition of performance and presents results for task performance

versus time in MOPP4. For ease of reference, figures and tables are grouped at the end of this

section. j";

6.1. PERFORMANCE REFERENCED TO BASELINE TASK TIME.

This report measures performance by thr" 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 nmission can proceed.

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, perforrnance p is defined as the task time ratio

p = to/t. (6-1)

where the normative time t, is the time for a well trained crewmember to perform the task when • I

healthy and feeling fine and t 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 BDIJ. These

baseline 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, t is infinite and perforniance is 0.

Since a task completion time t 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 0
imean. Pefrurnance values calculated for this half of the trials are greater than I 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
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important to keep in mind the standard deviation of the baseline performance distribution when •

interpreting performance measurements in MOPP4.

Second, procedural changes (shortcuts) by crewmembers in MOPP4 may result in task

completion times shorter than normal. It has been reported (Taylor and Orlansky, 1991) that
0

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.

Anal, sts use a variety of other definitions to quantify performance changes under stressed

conditions. One example is the performance decrement factor (pdJ), defined as the multiplier that

produces degraded task time from baseline task time:

t = pdfx t.. (6-2)

The pdf is the inverse of task performance as defined in Equation 6-1:

pdf = t / to = I / p. (6-3)

Another term is perfibrmance degradation dgr, usually taken as the complement of performance,

that is,

dgr = 1 - p. (6-4)

Both performance and performance degradation are frequently expressed as percentages. To

confuse the matter somewhat, the percent increase (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) use the term percent time degradation D, defined by

DT = 100x (to-t)/t, = 100 x(I -pd]), (6-6)

which is the negative ol pi. The user of performance data must be alert for chan•es in definition

from one database to the next.
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All performance values app--.aring in this report are ta'sk time ratios as defined by Equation
6-1. Note that the logarithmki, transformation applied to performance gives

iog~p) = og(t0)) - logOt. (6-7)

Since the logarithm of 9te task time is normally distributed (set. Section 4.2.1), so is the

logarithm of performance.V 6.2. TASK PERFORMANCE VS. TIML IN MOPP4.
Each task time measured with -.ew in MOPP-4 provides a calculated performance value. This

perfor.,iance is presumab~ly a function of several explanatory variables such as time in MOPP4,

task repetition number, scenario, crew identity, crew size at the time of measurement, and

ineteorolo ~y. Only timne -n MOPP4 is considered explicitly in the following analysis; however,

task repetition niamber is used to select a baseline time for each task measurement in MOPP4.

Let ,(TN) denote the completion time measured 'In a given scenario ýo the Nth repetition of

k, task occurring after T nours in MOPP4. The performance calculated from taiis measurement

p(") tj(N) / r,,N), (6-8)

where t0(N) is the baseline t:-mpletion time or- the Nth repetitiop of the task in BDU (see Table

The mode! used ir, the regression analyses of performance versus time in t\,OPP4 is

Y a +bx T+ r, (6-9)

whcre the parameters 0i i.id b arzý the. constant and slope, respectively, and e is a random ernor

truassumed to Ž,e n, i-malls' distributed wvith mean value 0. The independent variable is T and

~ht tnr' 2nt variable Y is log(p).

i.r the three special cases of begin set defleciaon, begin set elevation, and begin reload.
discussed in S,ýction 4.2. 1, the data consist of delay times betweedi two events rather than task

L ~completion times. ~'li ~ese cases, pei~o;mance is cr~pressed as the rela: 'e delay d, that is, the
'itional delay m, 'A1011, rela-,;vc to B"'. 1n these case., Equation (6-8) is replacedi by

d(T) t (7 JN) - tciA') (6-10)i
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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, ANOVA 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 5, when a crewmember exceeded piedetermined physiological limits

on heat strain, he was removed from the 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
0

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-S 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 summary 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
0

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. * 0
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

9
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

0
standard deviation of the BDU measurement,- anJ the standard error of the mean are plotted as

L;cnds about the baseline performance (1.0) in Figure 6-1. These bands may be used to help

judge the statistical significance of mean. -IJ .,-rformance degradation in MOPP4. The larger

band (the standard deviation) shows the normal variation in baseline performance and provides
0

context for intcretig thc occasional -"-orm-.cc valuc in MOPP4 that .Accu5
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The ordinate in Figure 6-1 is a linear scale of performance. Since the linear 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 similar information for the remainder of the M198 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 ANOVA 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 simrlar information for the remainder of the M198 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 ofF for the ANOVA between Crews 2 and 3 (Crew

I did not conduct a scenario in MOPP4-R). If this value is less than 0.05, 'here is a statistically
significant difference in performance between the crews.

LA
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L SEC7.ION 7

DISCUSSION K)

Analysis of performance in this volume focuses on tasks carried out by individuals or by

subgioups of the M198 howitzer crew during a fire mission. Table 7-1 presents a

characterization of each task according to the number of crewmembers involved, the potential

for delay in task completion caused by delay in some other task, and the level of human ability

demand of the task. Section 4 presents detailed descriptions of the tasks.

The majority of the M 198 tasks require only one crewmember. Except for relay orders and

fire, the tasks involving more than one crewmember are part of loading the howitzer. The

pvtential for task interruption is listed as yes (Y) in Table 7-I if the crewmember(s) involved are

sometimes delayed in task completion by waiting for completion of some other task. The tusks

requiring only one crewmember and not generally subject to task interruption (N) provide the

most suait htforward interpretation regarding the effects of MOPP4 on individual task
perfotnuance.

The degree of degradation of task performance caused by MOPP4 and the associated heat

stiess depends on the nature and difficulty of the task. To facilitatc examination of this effect,

Table 7-1 includes ratings of demand on human ability by each task according to a simple

taxonomy (Roth, 1992). Tasks have been rated (Roth, 1992) (on a seven-point scale for each of

the five human abilities or taxons. For example, howitzer loading tasks generally rank highest

in physical demand and Gunner and Assistant Gunner tasks rank highest in attention and

psycholmotor demiand. Following a summary of performnance degradation result%, this ability

demand inhfwnation is used to compare tasks grouped according to perfornance degradation

resulis.

7.1. SUMMARY OF PERFORMANCE DEGRADATION RESULTS.
Table 7-2 summarizes two major aspects of measured task performance in MOPP4 for the

M 198 howitzer crews. First, whether performance is degraded for early times in MOPP4 and,

second, whether pe rf)imance degrades significantly with increased time in MOPP4. Answers

to both of these questiolns must be viewed with caution, keeping in mind the limitations of the

experimenital procedures and the personnel safety considerations. Interpretation and caveats a,

discussed in the following subsections.
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Table 7-2. Early degradation and change with time fo," M198 howitzer task performance. ( •
MOPP4-S MOPP4-R

Task Degraded Sign of Degraded Sign of _
at 1 h? slope' at I h? slope-

Relay orders Y e Y o
Begin set deflection N o N o
Set deflection N o N o
Traverse tube I N o
Traverse tube H Y + ib y o
Begin set elevati(,n N o N _C
''t elevation N o N o
Elevate tube N o Nd -

Begin ftrst load Y o Y o
Lead projectile Y - Y o
Load first powder N o N
Load first projo and pwdr N o N 0
Lock breech and prime f _ Y
Fire Y o Y o
Open breech N - Y o
Swab chamber Y - y -
Check sight Y o N o
Begin reload Y o Y o
Reload powder Y Y
Reload projo and pwdr Y Y - 0
Last open breech N - N N

Swab and inspect N 0 N 0

"Sign of slope of performance versus time in MOPP4 is "o" if prob t from regression analysisis >0.05, that is, no statistically significant slope. Blank entry means no data available.

•'The • symbol highlights a difference between MOPP4-S and MOPP4-R.

he e slope is actually positive for this delay time, but corresponds to worsening C
performance.

i'The performance at I h is above 1.0 for this task, but the statistical significance is marginal.

113

1 0



0

7.1.1. Early Degradation -- the Encumbrance Effect.

Encumbrance effects are the principle cause of performance degradation when environmental
conditions are cool enough that heat stress is negligible. Even in a warmer environment, Section

5 shows that it takes time for heat strain as measured by body core temperature to reach

performance-degrading levels after protective clothing is donned. Therefore, for a period of time j")

j after donning MOPP4, only encumbrance affects performance.

If time in MOPP4 were a valid measure of heat strain in this exercise, then the regression

analyses presented in Section 6 would separate the performance degradation due to heat strain
from that due to encumbrance effects. Specifically, the extrapolated value of the regression lines

at zero time in MOPP4 would be the expected degradation from encumbrance effects.

Unfortunately, the discussion of heat stress and heat strain in Section 5 shows that two factors
argue against this extrapolation. First, the ambient temperature and humidity were not constant.

so that heat stress was not a linear function of time in MOPP4. Second, the metabolic work rate
of the crewmembers was not constant. For example, the crews conducted emplacement activities

immediately after donning MOPP4 and then paused to answer a questionnaire before beginning
fire missions. In addition, fire missions were interrupted by the road march for resupply and by

occasional administration of questionnaires by test personnel.
The practical approach adopted for the purposes of Table 7-2 and this discussion is to examine

the "early" performance degradation at 1 h in MOPP4 derived from the regression lines presented * *
in Section 6. Figures 6-1 and 6-23 show that the average time in MOPP4 at the beginning of
the first fire mission in the five MOPP4 scenarios was about I h. The performance degradation

at this time may not be a pure encumbrance effect; however, because ambient temperatures were
lower in the morning and because heat strain takes some time to build up, the cumulative heat

strain at 1 h is significantly less than for the later fire missions. Therefore, to avoid the

uncertainty of extrapolating to zero time in MOPP4, the early performance degradation at I h in
MOPP4 is used as the indicator of the level of performnarI2!c C!'vradation from the encumbrance

of MOPP4.
The deviation from baseline of the early performance in MOPP4 at 1 h is considered

significant if a t-test of the null hypothesis (that is, no deviation) gives a probability of less than

0.05 of obtaining the observed deviation at random in the absence of a true difference between
MOPP4 and baseline performance. For each task in the MOPP4-S and MOPP4-R scenarios,
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Table 7-2 answers the question Degraded at 1 h? with a yes or no (Y or N) according to this

criteria.

Table 7-2 may be checked visually by examining Figures 6-1 through 6-43 at I h in MOPP4.

Each figure includes a regression line for performance in MOPP4 with dashed lines representing

the standard error and a cross-hatched band centered at 1.0 representing the standard error of

baseline performance. Since the baseline and MOPP4 performances have similar standard errors,

the t-test will show a significant deviation whenever the separation between MOPP4 performance

and baseline exceeds about 3 standard errors.

The results in Table 7-2 for encumbrance are about equally divided, with 22 cases showing

a significant degradation at 1 h in MOPP4 and 21 cases showing no significant degradation. Of

course, a null result (N) does not prove that there is no performance degradation, only that the

degradation is smaller than can be observed with this data. In summary, 12 of the 22 tasks listed

in Table 7-2 show a significant early performance degradation in at least one of the two MOPP4

scenarios.

7.1.2. Dependence of Degradation on Time in MOPP4.

The regression analyses of performance versus time in MOPP4 as presented in Section 6 test

for significant change in performance during the 2 to 5 hour period of the fire missions. As

discussed in Section 5, the analysis of performance variations with respect to measures of heat * *
stress or heat strain other than time in MOPP4 is beyond the scope of this report. For each task,

Table 7-2 shows whether a significant change in performance is observed during fire missions

for each task by listing the sign of the slope of the regression line of log(performance) versus

"time in MOPP4. Statistical data for the slopes are summarized in Tables 6-1 and 6-2. If the

prob t value for a task is greater than or equal to 0.05, the measured slope is statistically

consistent with zero and "o" is entered in the sign of slope column in Table 7-2. If the prob t

value is less than 0.05, the slope is statistically significant and a + or - is entered in Table 7-2

according to the sign of the slope.

Of the 43 measured slopes, 28 are consistent with zero, that is, no measured variation of
0" , performance over the fire missions. Of the remainder, 14 show a significant worsening of

performance with time in MOPP4 and only one task shows improvement in performance. The

improving performance for traverse tube Ll occurs for MOPP4-S and not MOPP4-R. It is

probably an artifact of the task definition, which included a wait time for completion of elevate

tube. This task interaction may change as time progresses leading to an apparent improvement

in performance. Of course, a null result (o) does not prove the absence of a change in

performance degradation, only that the change is too small to be observed with this data. In
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summary, 10 of the 22 tasks listed in Table 7-2 show a significant performance; degradation with

time in MOPP4 in at least one of the two MOPP4 scenarios.

7.1.3. Caveats.

The primary caveats regarding the measured variation of performance with time involve the

removal of crewmembers from the exercise for medical safety. As discussed in Section 6, this

removal means that the measured performance values are conditional; they represent the

performance of crewmember.. who have not exceeded the heat strain limits imposed for

individual safety. Second, as crewmembers were removed, there were changes in crewmember

assignments. This shifting of crew positions has counteracting effects. Performance may be

maintained for a given task by bringing in a crewmember with less heat strain. On the other

hand, performance may be worsened if the new crewmember is less experienced with the task.

Finally, the average workload per crewmember increases as the size of the crew decreases. The

data to examine these effects is available in the record of this exercise but such examination is

beyond the scope of this report.

In conclusion, 12 of the 22 tasks analyzed in this effort show a significant performance
degradation from the encumbrance of MOPP4 and 10 of 22 tasks show a significant increase in

degradation with time in MOPP4.

7.2. TASK GROUPING BY DEGRADATION.

orTable 7-3 groups the M198 howitzer tasks in a two-by-two matrix according to the presence
or absence of performance degradation at I h (representing encumbrance) and the presence or

absence of increased degradation over time in MOPP4. Table 7-3 does not include the three

delays, begin set deflection, begin set elevation, and begin reload. Also, Table 7-3 omits the

check sight task since it was poorly defined during data collection. Table 7-3 shows the number

of crewmembers involved in each task.

The majority (13 of 22) of the tasks .u Table 7-2 show agreement between the results for

MOPP4-S and MC)PP4-R scenarios. Those that disagree are highlighted in Table 7-2 with ani-

sign. For these cases, the task placement in Table 7-3 was chosen to best represent a consem .Is

of the measurements.

Tasks with no potential for interruption by another task are flagged in Table 7-3 with an "

for tasks involving only one crewmember and a "+" tasks invoiving more than one crewmember.
There is a tendency (5 of 9) for tasks involving one crcwmember with no potential for

interruption to show neither perfoirmance degradation at I h nor a decrease in performance over

time in MOPP4. Conversely, there is an even stronger tendency (5 of 6) for tasks that show no 0
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encumbrance and no slope to be tasks performed by one crewmember with no potential for

interruption by other tasks.

Table 7-3. Tasks grouped by presence or absence of early degradation (encumbrance) and
slope of .erformance over time in MOPP4. Task-averaged human ability demands jr)
within boxes are derived from Table 7-2; number of crewmembers involved in
each task is in parentheses.

Steady performance Decreasing performance
_ _ -over time in MOPP4 over time in MOPP4

Performance at * Set deflection (1) Load first powder (1)
I h in MOPP4 * Traverse tube 1 (1) * Elevate tube (1)
consistent with * Set elevation (1)
baseline Load first projo and powder (4)

* Last open breech (1)
* Swab and inspect (1) 0

Att Per Psy Phy Cog
4.3 3.3 3.5 3.4 3.5

Performance + Relay orders (6) + Load projectile (3)
degraded Traverse tube 11 (1) * Lock breech and prime (1)
significantly at Begin first load (3) * Swab chamber (1)
1 h in MOPP4 + Fire (2) Reload powder (1)

• Open breech (1) Reload projo and powder (4)

Att Per Psy Phy Cog Att Per Psy Phy Cog
4.1 3.2 2.6 2.3 3.7 4.1 3.0 3.2 4.3 2.7

Tasks performed by one crewmember with no potential interruption by other tasks.
+ Tasks performed by more than nee crewmember with no potential interruption by other tasks.

All three of the tasks with no potential for interruption and involving more than one

crewmember had significant degradation at I h. In fact, of the six tasks in Table 7-3 that involve

more than I crewmember, five show significant encumbrance degradation. As another indication,
the set of tasks with no encumbrance degradation at 1 h involve an average of 1.4 crewmembers,

On the other hand, tasks that are degraded at 1 h involve an average of 2.3 crewmembers. The
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implication is that MOPP4 encumbers M 198 crewmember interaction, causing early performance

degradation for tasks that involve more than one crewmemtcr. fo

The number of crewmembers required for a task seems to exert less influence on whether or

not performance degradation increases with time in MOPP4. The average number of

crewmembers is 2.0 and 1.7, respectively, for tasks with steady performance and tasks with

decreasing peiformance.

Next, the four groups of tasks in Table 7-3 are examined for correlations between performance •

degradation and the human ability demands of the tasks. To this end, the demand on each ability

is averaged over the task groups. The upper right quadrant in Table 7-3 is skipped since ability

demand ratings are available in Table 7-1 for only one of the two tasks in that quadrrnt.

Inspection of the averages (dispiayed in Table 7-3) shows that the strongest correlation involves

whether or not the performance aiiecreases with time in MOPP4. The tasks that hLe steady

performance over time in MOPP4 have lower physical demand aid higher cognitive demand than

the tasks for which performance degrades with time in MOPP4. Therefore, decreasing

performance over time in MOPP4 is associated with higher physical demand.

To look for a link between the average human ability demands of the task groups and the
presence or absence of early performance degradation, it is best to examine the data for tasks

involving only one crewmember in order to eliminate the influencc. of crewmember interactions

noted above. The average demands for the single crewmember tasks with no early encumbrance * *
degradation are 4.4, 3.3, 3.6, 2.8, and 3.8 (ordered as in Table 7-3). The averages for the ,ingle

crewmember tasks showing early encumbrance degradation are 4.0, 3.5, 3.2, 2.7, and 3.3.

Comparison of thes two sets of average ratings shows that ,.tacumbrance degradation in the

M198 data for single crewmember tasks is associated with an increase in the rated demand for

only one of the five human abilities, perception, and that increase is small. Apparently, the

encumbrance of MOPP4 for individuals acts on human skills not well resolved by die five

component taxonomy of Roth (1992).

7.3. INFLUENCE OF PRIMER RACK.

From tie standpoint of analyzing the effect of MOPP4 on performance, the introduction of
a rack to hold primers for the convenience of the No. 1 Cannonr:er on certain missions is an

extraneous factor. However, the primer rack did not Seem ;j iinnrove nerformance on the lock
breech and prime task.

Crews 2 and 3 performed their MOPP4-S scenarios with standa..d primer prxc'edures (without

the primer rack) but performed their MOPP4-R scenarios with the primer rack. Since there were

occasional shifts in crew position during the MOPP4 scenarios, it is best to compa,'e the lock

118

-A.

S S i



O

(l)
breech aad prime task times for initial fire missions in each scenario in order to compare times

for the same No. I Cannoneer with and without the primer rack. For both Crew 2 and Crew 3,

the MOPP4-R scenarios were performed after the MOPP4-S scenarios. Therefore, learning

should improve the times on the MOPP4-R. If the primer rack improves performance, then both

factors would improve the MOPP4-R times relative to MOPP4-S. On the contrary, MOPP4-R

times are slower than the MOPP4-S times. The primer rack did not improve the overall task time

for the lock breech and prime task. Also, the presence of the primer rack does not alter

conclusions presented in this Section since Table 7-2 shows consistent results for the lock breech

and prime task with and without the primer rack.
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SECTION 8

CONCLUSION

The data in this report provides a comprehensive statistical characterization of task (W

peaformance for the M198 howitzer crew in both BDU and MOPP4. Table 7-3 shows which

tasks are and which are not subject to encumbrance degradation by the MOPP4 protective gear.

In addition, it shows which tasks are most strongly affected by accumulating heat strain.

Fire mission scenarios in MOPP4 were cuaducted with standard crew positions (MOPP4-S)

or with rotating crew positions to distribute the metabolic work load among crewmembers

(MOPP4-R). The data for MOPP4-S and MOPP4-R are presented separately to facilitate futuwe

comparison of operationid effectiveness of the alternate procedures. Such comparison is not

trivial since day-to-day variations in meteorology can explain a substantial p," of the variation

in the number of fire missions completed (determined by crew attrition from heat strain)

independently of whether the scenario was MOPP4-S or MOPP4-R (see 3ection 5). 1 l e analysis

of relative effectiveness of the MOPP4-S and MOPP4-R procedures wo-,1. ?,equire time-

dependent modeling of ambient meteu.'ological conditions and metabc~ic werk rate of the crew.

Considering all MOPP4 data, 12 of 22 M198 tasks show significant encumbran - JIegradation

when judged by performance on the first fire mission of each day. The first fire mission was

typically conducted after about I h in MOPP4. Performance degradation at this;' ime is an

approximate indicator of encumbrance effects since heat strain accumulated early in the day is * *
much less than that during subsequent fire missions. Careful analysis of the time-dependent

meteorological conditions and the recordcO physiological data would be required to extrapolate

measured performance values to zero l,:' strni. : thereby extracting an improved estimate of

encumbrance degradation.

Regression analysis of performance versus tin.. in MOPP4 shows that performance

degradation increases with time in MOPP4 for 10 of 22 tasks. Tables 6-1 and 6-2 provide

statistical parameters that may be used to model task performance versus time in MOPP4 for the

ambient conditions of this exercise. Further analysis, using time-dependent meteorological data •

with physiological models, would pet Fnit generalization to other ambient conditions.

Task performance results in MOPP4 are analyzed by placing the M 198 tasks in four groups

(Section 7) according to whether each task shows encumbrance degradation and whether it shows

incre.asing dearadationr with urme in MOPP4. Ex-amnnation of dhentr fte-L Wt1_:

iach group leads to the following conclusions:
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1. M196 tasks performed by a single crewmember with no potential for interruption (delay) by

another task are least likely to show performance degradation from MOPP4.

2. M198 tasks that involve more than one crewmember are more likely to show encumbrance

degradation than tasks performed by a single crewmember.

3. For M 198 tasks, the likelihood of increasing degradation with time in MOPP4 is not sensitive

to the number of crewmembers involved.

4. The M198 tasks ior which performance degrades with increasing time in MOPP4 tend to

have higher physical demand and lower cognitive demand than tasks that have little or no

increase in degradation.

The richness of the data gathered and compiled during this effort enables further analyses.

Possibilities are:

1. Correlation of task perfui mance with a time-dependent analysis of meteorological conditions

and crewmember metabolic work rate.

2. A more detailed analysis of the human ability demands associated with performance * •

degradation from MOPF4 encumbrance awid heat strain.

3. Use of the data to ý.uppoit development of methods such as the Task-Taxon-Task (T3)

methodology thr generalizing stress induced performance degradation from one set of tasks

to another.

4. Construction and validation of a sequential network miodel of M198 crew operations.
m0

5. Examination of motivational and leadership factors through conelation of performance with

mood questionnaire data collected by other researchers during the exercise.

Finally, the task complefinn times presented ;n Ap•pen;x C ar , .i:ld :.. I: ....I4.

S. . . . .i- L- I i ll gU l,,a IUIIII Uor,

the 3.5" diskette that accompanies this report.
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APPEIM-iWX A 4)

EVENT TIMELINES FOR EACH FIRE MISSION 0
This appendix presents event timelines ir the fire missions analyzed in this volume. Table •

A-1 explains the abbreviations used in the timelinc figures in terms of the event definiiions of

Section 2. Data processing methods used to construct these tiihieinc-, are described in Section

Table A-1. Explanation of abbreviations used in timeline figures.

Event abbreviation on timelines Event nanme (from Section 2) 0

Orders Receive/call out fire mission

Set Defi Set deflection

Travc.se Traverse tube/level bubble 0

Chk Sight Check sight picture

"Set Elev Set quadrant elevotion (QE) on range quadrant

Elevate Elevate tube/level bubbles

Depress Depress tube for loading

Load Load start (set tray)

Ram Ram projectile

Cis Brch Close breech; prime

Safe Chk Safety check

Standby Ltandby

Fire Fire

[Opn Brch n .bre I

In the timelines, impulse events are indicated by filled triangles and the durations of

cortinuous events are indicated with horizontal lines. Measured event times c.orrespond to the

A-1
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lower tips of the triangles and to the vertical hash marks at either end of the lines. When the

start or end time of a continuous event is missing from the data file, the available endpoint is

plotted with a filled triangle.

Fire missions from 10 August 1994 (the first day of the ý;xercise) are excluded from analysis

for reasons discussed in Volume 1 and do not appear in this appendix. Also, high angle fire

missions and zone and sweep fire missions, which are analyzed in Volume I but not in this

volume, are not included here.

In the timeline figures, events are plotted with time in seconds along the horizontal axis.

Table A-2 provides data for interpreting these times. The mission scenario began each morning
with an order to "move to the firing point" (see Section 1 of this report and McClellan, 1992).

Times referenced to this order are called scenario time.

In order to be ready to record event times, observers had to start their data logging software
prior to the move to firng point. At startup, the software recorded the computer clock time and

thereafter recorded event times as time elapsed since startup. This elapsed tinie, corrected to the

clock of Logger No. 1 (.'s discussed in Section 3), is used for convenience to plot timelines in
this appendix. Scenario time for the first 7 fire missions of each day's scenario may be derived
from the elapsed time by subtracting the recorded time of the "move to firing point". This tienr•

is listed in the third column of Table A-2 as the morning move time.

After the first 7 fire missions of each scenario, the crew conducted a ro.•d march for resupply.

During resupply, observers saved their data files from the first 7 fire missions and restarted the .
data logging software, thereby establishing a new origin for elapsed time on subsequent fire

missions, Event times for the 10 fire missions after resupply (Fire Missions 8 through 17) are
plotted in terms of this new elapsed time. Table A-2 gives the time by which the second set of

elapsed times is offset relative to the first set for each day. The time is listed in the fourth

col1mn as resupply offset. Scenario time, (still defined relative to the first "move to firing
point") for the fire missions after resupply is obtained fromn plotted elapsed time by adding the

resupply oqj.vet as well is subtracting the miurning numve time.

For exercises in MOPP4, accumulated time in MOPP4 is an important variable for specifying

heat stres.q. For the data reported here, there is only a few minutes Jifference between scenario

time and time in MOPP4. The crews went from MOPP2 to MOPP4 at the holding point just

before the first "move to firing point" order and remained in MOPP4 during resupply. Table A-2

lists the time taken by each crew to go from MOPP2 to MOPP4 as well as the elapsed time from

the orde to "go to MOPP4" to the "move to the firing npint"

S 
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Table A-2. Various reference and offset times (in st )nds) for each scenario.

Morning Time to reach Time between "go it)

Date Crew move Resupply MOPP4 starting MOPP4" and first

(1992) time offset from MOPP2 "move to firing point"0

(S) (S) (S) command (s

12 Aug 1 610. -- (not measured) 183.7

14 Aug 1 2110. 8904. (BL)U) --

17 Aug 2 3232. 11479. (BDU) --

1.9 Aug 2 4334. -- 124.3 549.8

21 Aug 2 3636. 13049. 167.1 297.3

24 Aug 3 3807 15198. 222.5 280.2

26, Aug 609. 7772. (BDU) --

28 Aug 3 1978. 10912. i 83.8 233.7
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Crew 1 - Fire Mission 1 - Wednrisday (12 Aug 92) 0

Orders
Set Deol

Traverse H

Chk Sight H hH H-- H Hp * 1 •

Sot Elev V
Elevata

Depres
Loud V V • rI-Ram
Cis Brch H - -•

Safe Chk

Standby5045 4950
Fire V V

Opnl Brch -

4700 4750 4800 4850 4900 4950 5000

Time, s
0

Crew 1 - Fire Mission 3 - Wednesday (12 Aug 92)

Orders -

Set Deti y

Traverse S 0
Chk Sight - '--

Sot Elev •

Elevate

Depress
Lowd y

Rom

Cis l3•'ch - - - -

Safe Chk •-

Standby V V

Fire V

Opa Brch h - k--

5650 5700 5750 5800 5850
Timp, s•

Figure A-I. Crew 1 timelines for fire missions 1 and 3 in MOPP4-S.
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0*

Orders

Set D01i VV ~Traverse
Chic fght 0

Elevate
Depress
Load v

cis arch'- H

Safe Chic -

Fire V V
Opn 8rch HH -

7100 7150 7200 7250 7300 7350 7400
Time, s

A0
Crew 1 - Fire Mission 6 - Wednesday (12 Aug 92)

~1Orders --- 4

Sot D81f V
Traverse0 S
Chic SightHH
Set Elev, V
Elevate

Loadvv
Miv Onrh750I -

I; M

7550 7600 765 7700.



Crew I - Fire Mission 7 - Wednesday (12 Aug 92)

set DWI

SLoed v y

Sae Chk A

•,Standb v •V
FirS E T v vr -

Op Bich --

7950 8000 8050 8100'1 Time. r,

Ae

"0 *

'"1 Figure A-3. Crew I timelinms for firernission 7 in MOPF4-S.
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Ceew 1 - Fire Mission I - Friday (14 Aug 92)
Orders

set [WI e(U

30Elev A-)

Depress
Load v V y V V
Ram
cis Ureh HH H H H H

Safe Chk
Standby V V V V V y

Fir* V v y v V 0
- ~~~~Opn Orch I4 - - -

3950 4000 4050 4100 41'50

Time. -

Crew 1 - Fire Mission 2 -Friday (14 Aug 92)
Orders
Set DeiV
Traverse 4

Chk Sight -H I I I-H [-
Set Elav V
Elevate
Depress
Load v V
Rom
Cla Brch i-H H H

Safe Chic
Standby v V
Fire V V
Opn Brch -

4350 4400 4450 4500 4550

Time, s

Figure A-4. Crew I timelines for fire maissions I and 2 in BDU.
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Crew 1 - Fire Mission 4- Friday (14 Aug 92) -

Orders F

Traers
Cilk Sight H H

Set: levV
*elvato
Depress
Load V
Flm

Cisarc H a H

Safe Chki
Standby v V
Fire V V a

Opin Brch i_* -i

5200 5250 5300 5350

Time, s

Crew 1 - Fire Mission 6 - Friday (14 Aug 92)

Orders
Set Dell •

Traverse -

Chk Sight -

Set EIov

Elevate

Depress

Load V V

Cea Irch

Safe Chk
Standby v y V
Fire • • V
Opn Brch --

6QO 6550 6600

Time. s

Figure A-5. Crew 1 timelines for fire missions 4 and 6 in BDU.
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Crew I - Fire Mission 7 - Friday (14 Aug 92)

Orderas

II
+! tEievt +\., r

SDeprte --- )

Rom

Safe Chk

Stindby Y

Firs
"Opn Brch

6900 6950 7000 7050

Time, s

Crew I - Fire Mission 8 - Friday (14 Aug 92)
S..... IOrders

Set Dill

Traverse 0
Chk ht - H H H

Set Elov v

Elevate ~-
Depresu

Load V V

Ram

Cil arch

Safe Chk

Standby V • V V
Fire V v v V

Opn Brch - -• -

Li26,00 295FP 300 3050 3100
Time, s

Figure A-6. Crew 1 timelines for fire missions 7 and 8 in BDU.
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Crew 1 - Fire Milesion 10 - Friday (14 Aug 92)

TraerseO

Set EleY Ay
Elevate '

Depress

Cis rch I

Safe Chia

Standby Y TW

Opn rch I

4550 4600 4650

Time, s

Crew I - Fire Mission 11 - Friday (14 Aug 92)
Ordefs
Set Delly
Traveree0 *
Chk Sight - H- FH

Sot Elev
Elevate
Depress
Load y

Rom
Cis Brch H HI H

Sale Chk
Standby V V V I V

Fire V V V

Opn Drch FI -I4800 4850 4900 4950 5000
Time, s

J Figure A-7. Crew 1 timelines for fire missions 10 and I11 in BDU.
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Crew I - Fire Mission 12 - Friday (14 Aug 92) 0*

Ordears - --

Set Defl y

Traverse H

Chk Sight "H -- H kH ---.

Set Elev )
* Elevate

Depress

Loapd ' v V •

Ram

Cia Brch H H H -I H

Saet Chk - 4

Standby • v
Fire V V V • • ,

Opn Brch - -

5250 5300 5350 5400

Time, s

Crew 1 - Fire Mission 13 - Friday (14 Aug 92)

Orders

Set Defl v

Traverse a 0

Chk Sight -- v------n

Set Elov V
Elevate

Depress

Load V
Ram

C18 Drch --- i F-4

Safe Chk

Standby V •

Fire v •

Opn Brch •------

5650 5700 5750 5800

Time, s

Figure A-8. Crew I tirnelines for fireni.sion.; 12 and 13 in BDU.
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Crew 1 - Fire Mission 14 - Friday (14 Aug 92) ()

Set DeO v

Tnverse 0

Chk Sight I -

SitElv 49

Depress

Ram

Cleaflr H H H H H

Safe Chk

Standby V V T V
Fire y y y y y 0
Opn Brch 4 I-A H-- -I

6100 6150 6200 6250

Time, s

Crew 1 - Fire Mission 15 - Friday (14 Aug 92)

Orders i

Set Defi I
Traverse -A

Chk Sight H---] A - '-I -- I 4

Set Elev

Elevate

Depress

Load V V
Rom
Cis Brch - H I-I

Safe Chk -

Standby

Fire

Opn Brch 1-4 ---

6500 6550 6600

Time, s m

Figure A-9. Crew 1 tirnelines for fire inissions 14 and 15 in BDU.
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Crew I - Fire Mission 16 - Friday (14 Aug 92)

Orders

S~Traverse• •

"*•_ ~ ~Set Ele, v*
Elevate

Depes
Load V V

Romi
Cis Brch H .
Sate Chic
Standby V y y

Fire •

Opn frch -- ---I

6850 6900 6950

Time, s

Crew I - Fire Mission 17 - Friday (14 Aug 92)

"Orders .

Set Deot
Traverse 0
Chk Sight I I

Set Elov v
Elevate

Depress
Load •
Rom

CIs Brch -

Safe Chic

Standby V V
Fire y •

Opn arch I---

-n----T---

7300 7350 74fl0

Time, s

Figure A-10. Crew I timelines fo)- fire missions 16 and 17 in BDU.
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Crew 2 - Fire Mission 1 - Monday (17 Aug 92)

Bw T

: 4)
Chk Sight HH H

, 89 ElavElevate
DepauI

SLoad: v v • •Y

Ram v V V

Cis Dach - - I H I-I H4

Swfio. Chk -
Standby V V y V - .1-Fire V V V 0
Opa Orch[- [-- -4 H - -

7600 7650 7700 7750 7800

Time, 9

Crew 2 - Fire Mission 3 - Monday (17 Aug 92)

Orders I - 4

sat Deft V
Traverse .
Chk Sight H H H H H

Set Elev •
Elevate
Depreas
Load y V V T

•Ram • V y
Cle Bach - - -4 '-

Safe Chk-
Standby • V V V
Fire • v V
Opn Brch v- H

8500 8550 8600 8650 8700 8750

Time, c 0

Figure A-i I Crew 2 timelines for fire missions 1 and 3 in BDU.
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Crew 2 - Fire Mission 4 - Monday (17 Aug 92) (0
Orders 

ANIL

Set Doati

Chic ght H HH-N

Depraee

Roam

Standby ,V

Fire
Opn Brch - -

88 50 89 00 89 50 90 00 9o050

Time,.s

Crew 2 - Fire Mission 6 - Monday (17 Aug 92)
Orders ~ - -

Set DellI
* ~~~~Traiverse ------

Chic Sight i

Set Elev V
Elevate F- -

Depress
Load yvV

Ram V

Safe Chk
Standby v
Firey
Opn Orch 

I

10150 10200 10250 10300 10350
[) Time, s

Figure A- 12. Crew 2 tinielines for fire missions 4 and 6 in BL)U.

A- 15

F0



Crew 2 - Fire Mission 7 - Monday (17 Aug 92) (,)

Travm,

Ordis ---h -- , -
ChkSight H

Elevat

Depress

Cie rch
Sets Chk
Standbyv
Fire V

Opn Brch • --

10550 10600 10650 10700

Time, s 0

Crew 2 - Fire Mission 8 - Monday (17 Aug 92)

Orders i --

Set DOll

Traverse
Chk Sight H ii

Set Elev

Elevate
Depraves
Load • w •
Ham • v v

Sale Chk i

Standby • • v • v
Firs misfire • , •

Opn Brch H H [--

2900 2950 3000 3050 31 00 31 50 3200 3250i Time, a -

Figure A-13. Crew 2 timelines for fire missions 7 and 8 in BDU.
A
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) Crew 2 - Fire Mission 9 - Monday (17 Aug 92)*

K ~Ordaim
set oefi
Traverse
Chk Wflfgl i

Set Eley 4
Elevate
fepreft

Safe Chk---
Standby VV

Fires
Opn Brch H - ---

&=0 3350 3400 3450

Time, s

Crew 2 - Fire Mission 11 - Monday (17 Aug 92)
Orders ---

Set Def I
Traver"e
Chk Sight II

Set Elev
Elevate
Depress
Load V V

C Is rch H I-

Safe Chk
Standby V V
Fire T V

Opn Brch -s- -- '

4400 4450 4500 4550 4600 4650

Time, s

Figure A- 14. Crew 2 timelines for fire mnissions 9 and I1I in BDU.
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Crew 2 - Fire Mission 12 - Monday (17 Aug 92)

Orders I--
Sat Defl

Traverse -

"Chk Sight -- H H H

Set Eiev V
Elevate
Depress
Load y , Y

Ram v V v
Cislreh H H h H

Safe Chk-

Standby V V •
Fire v • • -
Opn Brch I H-I - 4-I -,

4050 4700 4750 4800 4850 4900

Time, s

Crew 2 - Fire Mission 13 - Monday (17 Aug 92)

Orders

Set eft Iv
Traverse .-- 5 0
Chk Sight I-

Set Elev ,

Elevate
Depress
Load y y

Ram V y
Cls Urch , I--

Sato Chick---
Standby V V v S
Fire y y

Opn Brch ----

4950 5000 5060

Time. s

Figure A-15. Crew 2 timelines for fire missions 12 and 13 in BDU.
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C?ew 2 - Fire Mission 14 - Monday (17 Aug 92)

Set Doff

Traverse

Chk Slht F - H

Set Elevv
ElOvatS
Depres
Load • V 0
Ram • V V

Clo Orch
Sets Ch;k

V V V

Fre v v
Opn Uch U-r-

5050 5100 5150 5200 5250

Time, s

Crew 2 - Fire Mis~son 15 - Monday (17 Aug 92)

SOrders
Sot Defl
Travea,-

Chic Sight - H H-

Set ElIv V
Elevate

Depress
Load V V • V V

CD Brch

Safe Chk
Standby V V T V

Opn Srch •- - - - -•--

5250 5300 5350 5400 5450

Time,s s

Figure A-16. Crew 2 timelines for fire mi'sions 14 and 15 in BDU.
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Crew 2 - Fire Mission 16 - Monday (17 Aug 92)

Set Defl
Traverse
Chk Sight .- ~ H H-

Set Eley 4
Elevate
Depress
LOWad v v y v T

Rem v v T v

Cle Orch H H HH H H

Safe Chk
Standby y , ,

Fir* v v 0
Opn Orch H H H Ii H H--

5450 5500 5550 5600 5550 5700

Time, s

FigLore A-17. Crew 2 timnelines for fire mxission 16 in BDU.
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Crew 2 - Fire Mission 1 - Wednesday (19 Aug 92)

set Dea v
Traverse

Chk Sight t i H H -

Set Elev V
Elevate

Depress
Load V V y V 0

Rom V V v V
CisDJch H H H H H

Safe Chk

Standby V v V V

Fire T V V V V V 0

Opn rch H H O H H

6750 6800 6850 6900 6950 7000 7050 7100

Time, s

Crew 2 - Fire Mission 2 - Wednesday (19 Aug 92)

Orders

set DoD *
Traverse

Chic Sight H---- -1 1--!

Set Elsv

Elevate

Depress

Load v V v "

Ram v v

Cis arch I-A I-- H

Safa Chk

Stondby V V 0

Fire v •

Opn Brch-

7250 7300 7350 7400 7450 7500

Time, s 6
KB

Figure A-18. Crew 2 timelines for fire missions 1 and 2 in MOPP4-S.
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LCrew 2 -Fire Mission 4 - Wednesday (19 Aug 92) * 00

Traverse

Chic Sight
Set Eiev V'
Elevate -

Depress
Load y V y

Rem V V V
CieaUrchH H

Safe Chic
Standby V V
Fire V V

OpnflrehH HI-

87 50 88 00 88 50 890 8950q,; 90 00 90 50 91 00

Time, s

Crew 2 -Fire Mission 6 -Wednesday (19 Aug 92)

Orders
Set Dell I y

Travers*0
Chk Sight -

41 Set Elew V
Elevate
Depress
Load V V

Cie Brab
Safe Chic
Standby y V
Fire V V V
Opn Brch - - -

10300 10350 10400 104EI 10500 10550 10600

Li ~Time, s0

Figure A-19. Crew 2 timelines foi- fire mnissions 4 and 6 in MOPP4-S.
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Crw2 - Fire Mission 1 - Friday (21 Aug 92)()

4h Sigh

Elevate

Remvv V

Safe Chk
Standby v v V

Fire V V V 7 0

6500 6550 6600 8650 6700 C750 6800

Time, s

Crew 2 - Fire Mission 3 - Friday (21 Aug 92)
Ordwem
set Def I

Travera*
Chk SightHH
Set Eley
rElevate

Load

Cia Brch
Safe Chk
Stanc.iy y V

A Fire

Opni Brch-- I

7700 7750 7800 7850 7900

Time, s

Figure A-20. Crew 2 timelines for fire missions 1 and 3 in MOPP4-R.
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Crew 2 - Fire Mission 5 - Friday (21 Aug 32)

Set DOI

Chic Sight k 4 1 I r- H

Sat yle V

Depressyy

Cis BrchH -I-

Sofa 9500

STimnby

Crr* T - 6 rdy(2 u 2
Op rder

Trdverse,--.0

Chk Sight l

Set EIev V
Elevate
Depress
Load y V

Ram VV
Cis Brch - -

Safe Chic4
Standby v

Opn Orch ,--

9700 9750 98300 9850 9900 9950

Time, s

Figure A-2 1. Crew 2 timelines for fire mnissions 5 and 6 in MOPP4-R.

A-24



Crew 2 - Fire Mission 7 - Friday (21 Aug 92)

Orders

oRem v- l

! ~Set Dail

Traverose

SafeSight- H

'• I ~Sat Elev T4'

Eletand
Depress

Load 0
Cir Erch 1 -- ' -'-0_
Safe Chk

Standby • • V

Opn •Rch - -- -- -

10200 10250 10300 10350 10400

Time, s

Crew 2 - Fire Mission 8 - Friday (21 Aug 92)

Orders ___

Set Deil V

Traverse r

Chk Sight H k 11 H H

Set EIev V
Elevate

Depress
Load V v y V

Ram V V V v

Cis Brch H I-

Safe Chk

Standby v T •

Fire v v v

Opn Brcn h- --

6300 6350 6400 6450 6500 6550

Time, a 0 IM

Figure A-22. Crew 2 timelines for fire missiuns 7 and 8 in MOPi 4 -11.
A

A.-25

I,|
S I II I I II I I



ICrew 2 -Fire Mission 9 -Friday (21 Aug 92)

Sot Deflv
Traevrse --

Chic Sight H

Sot Eievv
Elevate
Depress
[ALoad v IF v
Ram IF v v
Cie Brch

Safe Chic
Standby v y y

Fire v F
Opn Brch I-

6850 6900 6950 7000

Time, s

[jCrew 2 - Fire Mission 10 - Friday (21 Aug 92)
Orders
Set Det I
Traverse -0

Chic Sight H

Sot Elevy
Elevate
Depress
Load IFIy
Ram v v y v
Cie Brch I-

Safe Chic
Standby v v v v v
Fire V 7 V V v

Opn Urch -

7200J 7250 7300 7350 7400 7450 7500

Time, s

[ 7igure A-23. Crewv 2 tinfilines for fire inissions 9 and 10 in MOPP4-R.
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Crew 2 - Fire Mission 12 - Friday (21 Aug 92)

Orders__

Set Def 1 0
Traverse

Set Elev
Elevate

Depress
Load

Cis Brch

Sale Chk 0

Standbyv
Fire
Opn 8rch

9750 9800 9850 99095 00

Orders --

Set Dell I

¼ ~Traverse -

EleateCh

Fire V
Opn Eirch

10300 10350 10400 10450 10500

Time, s

Figure A-24. Crew 2 timelines for fire missions 12 and '13 in IAOPP4.-R.
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Crew 2 - Fire Mission 14 - Friday (21 Aug 92) (-

Ai ~Ordore -

Cset Dl V

Elevate
Deprges
Load V

Cis Dich
Safe Chk
Standbyv vYvv

FireV V V

Opn Orch I

10800 108,50 10900 10950 11000 11050

Time, s

Crew 2 - Fire Mission 15 - Friday (21 Aug 92)
Orders-I
set DetiV

Traverse
ChIC Sight
Set EIGew
Elevate-
Depress
Load V V

Ram VVV
C Is rch
Safe Chic
Standby V 9

Fire V
Opn Brch

11350 11400 11450 11500 1155i0

Time, s

Figure A-25. Crew 2 timelines for fire missions 14 and 15 in MOPP4-R.
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Crew 2 -Fire Mission 16 - Friday (21 Aug 92)

Chk~lh MUM

Set Elev y 4
Elevate --- __

Depress
Load T yV0
Rom V vV
Cisa rch
Safe Chic
Standby y

Fir* V
0pni Brch -

11850 11900 11950 12000 12050 12100 12150

Time, s

Crow 2 - Fire Mission 17 - Friday (21 Aug 92)
Orders
Set Def I
Traverse -

Chic Sight I H

Set Elev

Depress

Cis Brch F-- -A

12450 12500 12550 12600 12650 12700

L lTime, s

Figure A-26, Crew 2 timelines for fire m-issions 16 and 17 ini MOPP4-R.
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Crew 3 - Fire Mission 1 - Monday (24 Aug 92)

Set Deft i
Travaers*•

Chik Sight • - --

Set Elev V
Elevate

Depress

Load v V V V •

Rom •y • • y y •

CIs rch H H H H

Safe Chk

Standby V V V , V •

Fire V V y • y V

Opn Brch H -1 -H - H

8650 8700 8750 8800 8850 8900 8950

Time, s

Crew 3 - Fire Mission 2 - Monday (24 Aug 92)

Orders

Set Def I

Traverse • 0
Chk Sight - - b - _

Sot EIev
Elevate

Depress

Load V •

Ram V •

Cisurch H r H-H

Safe Chk

Standby V V V

Fire •

Opn Brch F.. - -

9150 9200 9250 9300 9350

Time. s

Figure A-27. Crew 3 timnelines for fire missions I and 2 in MOPP4-S.
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Crew 3 - Fire Mission 4 - Monday (24 Aug 92)
Orders - -

set Dell •

Tra lrsoe•

Chk Sight ý

Set Elev v ,)

Elevate

Depress

Load v V _

Rom v V V V
Cll arch H h-H H

Safe Chk

Standby V V
Fire v v • 0

Opn Orch h - H-i

10200 10250 10300 10350 10400 10450 10500 10550

Time. s 0

Crew 3 - Fire Mi-- sion 6 - Monday (24 Aug 92)

Orders p r

Set Def I•
Travere 0

Chk Sight H ------ ----- H

Set Elov V
Elevate

Depress 0
Load V V V

Ham • •

Cis Urch -- ,

Safe Chk ---

Standby v •
Fire V • V

Opn Brch ---- H--

11850 11900 11950 12000 12050

Time, s 0

Figure A-28. Crew 3 timelines for fire missions 4 and 6 in MOPP4-S.
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crew 3 - Fire Mission 7 - Monday (24 Aug 92)
Orders
Set Defi
Traverase -

j ~set Eiev

Depress
LoadV

Cis Brch
Saf e Chk -

Standby
Fire v

Opn Brch

12400 12450 12500 12550 12600 12650

Time, s

Crew 3 - Fire Mission 8 - Monday (24 Aug 92)

Orders
Set Dell I
Traverse 4----

Chic Sight
Set Elev
Elevate - -

Depress
Load y V V

Ram
C Is Brch F-- -- A ~I, -

Safe Chk
Standby V V V
Fire V V V

Opn Orch,-

61 50 6200 6250 6300 6350 6400 6450 6500

Time, s

Figure A-29. Crew 3 tirnelines for fire rniussions 7 and 8 in MOPP4-S.
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Crew 3 - Fire Mission 1 - Wednesday (26 Aug 92)
Orders

Set Doft

C h k S ig h t, T-a---s -

got Elov v'.

E~evata

Depru.
Load v y V V V S
Rom v v v v v
Cie Brch
Sale ýhk

'"Standby v v v v v v

Fire v v v v v vF!

2800 2850 2900 2950 3000

Time, s

Crew 3 - Fire Mission 3 - Wednesday (26 Aug 92)

liot Defti

-hk Sight4 H ---
Swt• Bev v

Depress

Load v v v

I' dby v v v

,v v
rA Opto Orc-

3800 3850 3900 3950
Timne, s

Figure A.-30. Crew 3 timelines for fire rnissicns 1 and 3 in BDU.
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Crew 3 - Fire Mission 4 - Wednesday (26 Aug 92) ( )

S e t D e llr I---

Traverse
Chk Sight --- i .---... i

Set E;ev V

Elevate

Depress

Ram d v v v

cis orch

Safe Chk

Standby V v V

Fire v y 0
Opn Brch

4050 4100 4150 4200

Time, s

Crew 3 - Fire Mission 6 - Wednesday (26 Aug 92)

Orders

Set Deft V

Traverse - •

Chk Sight -- -

Set Elev V

Elevate

Depress

Load V V V

Ram y w v
Cla 9Brh F -1

Safe Chic F-----

Standby y v v
Fire v v V

Opn Brch -H

5100 5150 5200 5250S~Time, a

Figure A-31. Crew 3 timeline. ttr fire missions 4 and 6 in BDU.
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Crew 3 - Fire Mission 7 - Wednesday (26 Aug 92)

S ~ Ordersz•f
ChkSet Doti

,,• ~Trevetae
• ! ~~Chic Sight -.-.
>I:,, / Set Elov .

:l ~~Elevate - --

• I Depress

Load v V V

Ram V V v

Cie Brch
Safe Chk

Standby V V v
Fire V v V
Opn Brch -

5500 5550 5600 5650

Time, s

Crew 3 - Fire Mission 8 - Wednesday (26 Aug 92)

Orders

Sot Deli v * *
Traverse

Chk Sight F F-• F

Sat E19%
Elevate

Depress

Load v V

Rom v V V

Cis Orch - --

Safe Chki

Standby V v v V

Fire V V V v

Opn Brch - - -

3150 3500 3550 3600 3650
Time, s

Figure A-32. Crew 3 timctines for fire missions 7 and 8 for BDU.
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Crew 3 - Fire Mission 9 - Wednesday (26 Aug 92) 4 -

ordersI
SOt Def6 v

Traverse

Chic Siht -- h'-i_

"SetElew '-

Fievate I

Depress
Load V V V0
Ram V 'v

j:,i CIa Brch is-H I

Safe Chic
Standby vv

:•Fire 0

Opn Brch - ---- I

4200 4250 4300

Time, s

Crow 3 - Fire Mission 11 - Wednesday (26 Aug 92)

Orders

Set Defl I
Traverse

Chk Sight HI---I i--

Set Elev v

Eir late

Depress

"Load y V V V V
Ram V V v V V
Cis Brch I-i H

"Safe Chki

"Standby w

Fire y y yL I Opn Brch - -, - -,

5600 5650 5700 5750
P4 :Time, 

s

Figure A-33. Crew 3 timelines for fire missions 9 and 11 in BDU.
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Crew 3 -Fire Mission 12 -Wednesday (26 Aug 92)j Orders
set Doll VQU

Chic Sight F-- H F--- F-

Set El*v V
Elevate
Depress

Rom '7 V V T

CH i H HA H

Standby V • V Vy V

Fire V V V V •

Opn Brch - - _ _-

5950 6000 6050 61 00 61 50

Time, s

Crew 3 - Fire Mission I S - Wednesday (26 Aug 92)

Orders

Set Deft I *
Traverse

Chk Sight --

Set Eiev
A' Elevate

Dep:•u 4s

Load v
SRam V V

Cis Dreh B- -,

Safo Chic
Standby v 0
Fire V V

Opn Brch - ---

21 •3350 6400 6450 65G0

Timel. S

Figure A-34. Crew 3 timelines for fire missions 12 and 13 in BDU>
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Crew 3 - Fire Mission 14 - Wednesday (26 Aug 92)
Orders --

Set Dell
Traverse
Chk Sight v-~i--

Set Elev

Elevate
Depress
Loud V V
RaidV
Cie rah -- H H

Safe ChIC
Standby V V
Fire V V 0

Opn Brch

6800 6850 6900
Time, s

Crew 3 - Fire Mission 15 - Wednesday (26 Aug 92)
Orders
set DellI
Trovers ____

ChIC Sight - IH HH

Set EIov
Elevate
Depress
Load V
Rom y V

Cis Orch - H H H

Sate ChkC-
Standby V V V' y

Fire V V y V

Opn Brch -. I -

7200 7250 7300 7350

Time, s

Figure A-35. Crew 3 timelines for fire mnissions 14 and 15 in BDU.
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Crew 3 - Fire Mission 16 - Wednesday (26 Aug 92) f

Orders F_

Sot Deft
Traverse

Chk Sight F-4 H H

Sot Elev

Eleva--t

Popress

Load v v
Ram v v

CIs Brch

Safe Chk

Stondby vV

Fire v v
Opr, Brch -- -

7650 7700 7750 7800

Tim'r. s

Crew 3 Fire Mission 17 - Wednesday (26 Aug 32)
Orders -- --

Set Def i

Traver" - r

Chk Sight
Set Elev V

Elevate ---

Depress

Load v , y
Rom 7 V

Cls Brch - -

Sale Chki

Standby v v v

Fire V V

Opn Brch y

8050 8100 8150 8200
- Time, s 0

Figure A-36. Crew 3 timelines for fire missions 16 and 17 in BDU.
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Crew 3 -Fire Mission 1 -Friday (28 Aug 92) 46)

Order@ -

Set DOfI u
Travers* -

Chk Sight ~.-- - -4 F.4-

Set Elev y 4
Elevate
Depres
Load vV V V

Ram V V
Cis Brch - -

Sale Chk -

Fire V V V V

-'4800 4850 4900 4950 5000

Time, s

Order.Crew 3 - Fire Mission 3 - Friday (28 Aug 92)

Set DOfI

Traverse
Chk Sight FA --- 4-

Set Elev

EdIavataj

Depress
Load V V V
Ram V
Cis BroilH
Safe Chk --

Standbyv v

Fire 14
Opn Brch ~-

5850 5900 5950 6000 6050 6100 6150

Figure A-37. Crew 3 timelines for fire missions I and 3 in MOPP4-R.
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Crew 3 - Fire Mission 5 - Friday (28 Aug 92)

Orders +

Set Def I
Travrue rse

Chk Sight HkI k-

Set Elev

Elevate
A .DepressFa Load V V V y 0

Ram y V V

Cl Orch - I H

Safe Chk

Standby V V V'

Firev 0
Opn Brch - H

7200 7250 7300 7350 7400 7450

Time, s

Crew 3 - Fire Mission 6 - Friday (28 Aug 92)

Orders

SGt Deft •

"Truverse
Chk Sight I--

Sot Elev V

Elevate

Depress
Load V y
Rem v

Cis Brch -

Safe Chk

SUndby , V
Fire
Opn Brch

7550 7600 7650 7700

Time, s

Figure A-38. Crew 3 timelines for fire missions 5 and 6 in MOPP4-R.
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Crew 3 - Fire Mission 7 - Friday (28 Aug 92) *

4• IOrders -

Set Deot V Is

Traverme
Chk Sight -- q F-

Set Elev V

Elevate F--.

Deprs
i. Load y ', 0••

Ram U

CIs Brch - -- 4

Safe Chic-
Standby v _

f !Fin '
Opn Brch -4-H--

8000 8050 8100 81 50 B200 8250

Time, s

Crew 3 - Fire Mission 8 - Friday (28 Aug 92)

Orders

Set Deol -

Traverse * 4) 0
Chk Sight - ------- H -H

Set Elev v

lefavate _-_

Depress

Load 'V -
Ram V • V

Cis arch -

Safe Chki

Standby V V ,

Fire ,v V V

I~j QpirA Orch -

• 4850 4900 4950 5000 5050 5100i 1 ,,.. .
Time, s

Figure A-39. Crew 3 timelines for fire rmissions 7 and 8 in MOPP4-R.
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Crew 3 - Fire Mission 9 - Friday (28 Aug 92) (.)

Ordam
Set DO I
Tvroa v--r

Chk Sight --

SetEiv 4) .

ElhvatoDopross!

Load •
Rom v w

CisaBrch
Sere Chk

Standby v • ,

Fire v I v 0
Opn Brch-

5350 5400 5450 5500 5550 5600

Time, s

Figure A-40. Crew 3 tinielines for fire mission 9 in MOPP4-R.
O
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APPENDIX B
COMMENTS RECORDED BY DATA LOGGERS

This appendix contains a compilation of handwritten notes taken by all data loggers 0

during each day of the exercise. Comments are unedited and are listed by fire mission (FM) with

occasional comments before or between fire missions. Self reporting of mistakes made by data

loggers were utilized in the reconciliation and reduction of data but are not included here. The

comments listed here concern procedural variations, mistakes, or situations encountered by crew

members that may influence task performance times. Reference to these comments will

*..~j sometimes explain unusual times appearing in the reduced data. Specific crewmembers are

referred to by number (see Table 1-6); for example, #10 is the Chief of Section of Crew 1.

DATE: Wed 8/12/92 POSTURE: MOPP4-S CREW: 1

Troops arrive about 1000 hrs.
A lot of waiting on geodetics (safety people).
Sit in shade to answer questionnaires.
Finish questionnaire (most of them) stay in shade.
Crew called out of shade (by Section Chief).

FM 1 Projectile tray was tardy once.S. ,FM 2 Gunner did not check sight between every round.

FM 3 Projectile tray late on last two rounds.
Three guys on projectile tray are slowing down. 0

FM 4 - Safety delay; confusion on quadrant.
Long delay loading round 1.
Delay was to re-fuzz" the projectile; had wrong fuze because were not expecting

a high angle mission
Sight not checked often between rounds.
Elevated to ijuitial position for loading, then elevated to firing elevation.
Gunner left position first 2 or 3 rounds. #1 filling in and checking sights.

FM 5 Late powder ist round. (New RTO, sounds laster.)
Gunner (?) getting powder.

Delay w/charges.

B-1
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FM 6 - On the last round loader lost a few seconds because he couldn't find lanyard.

Troops visibly tired. •K)
Sitting on trails of howitzer.
#19 suffering; checked out by the Chief of Section. 4)

FM 7 - New charge (5) - late.

Gunner has been taking the deflection off of the Gun Display Unit (GDU). 6

* i J* ************* ************ * VJ * * * * * a* * * * ** * * * * * * **•*JJ *JJJ *J *J * *JJ J* * * * ** * * *JJ * * *

DATM, Fri 8/14192 POSTURE: BDU CREW: 1

Loader using new primer rack today for first time.

FM I - Standby called before loader fired with primer.

FM 2 - No comment.

FM 3 Long elevation - started from low position.
Gunner depressing tube, Assistant Gunner elevating.

* 0
FM .4 - Powder late most shots.

Late standby, late with powder.
Safety check screwed up by safety man.
Waiting for powder man on 3rd round.
Powder often holding up firing.
Gunner depressed tube.
Difficult to tell between checking site and Uaverse tube,.

FM 5 -. Initial elevation paused for loading.
Gunner depresses tube, AG eiv,:vates.

FM 6 - Some confusion during safet' check.
Section Chief called "standby" prematurely.
Standby called twice on round #1.

FM 7 - No comment.

6
B-2
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FM 8 - Crew not ready for fire mission; rough start.
-4Early safety check.

Round 3 - trouble closing breech.
Standby called before loader finished with primer.
Elevation overlaps with safety check. Long time to elevate and check bubbles.
Loader trouble with the last primer.

FM 9 - No comment.

FM 10 - Once waited on ammunition.
Last round was late getting to breech,

FM I1I - No comment.

FM 12 - One late response by loader to firc command.

FM 13 - No comment.

FM 14 - No comment. n

FM 15 - No comment.

FM 16 - No comment.

*

FM 17 - Lost lanyard on round #3. (Delay in fuzing.)

DATE: Mon 8/17/93 POSTURE: BDU CREW: 2

Loaing primers from box, not rack.

FM 1 3 misfires; last had most delay, pulled lanyard three times. 0
[lang fire on last round (6th).

FM 2 - Hang fire (misfire) again (delay fire).
Fire command may be off - firing is lagging behind lanyard.
Elevated tube twice.
Depressed tube twice on round.

FM 3 A couple of misfires.
3 of 5 rounds delay in firing.

B3
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FM 4 - Delay continuing in firing.
Lanyard not being pulled correctly.
Elevate tube twice for high angle.
Depress tube twice on Round 3.

FM 5 - No comment.

: Note: Gunner does not significantly move.

FM 6 Misfires are still a problem.
3rd round - delay of several seconds from misfires.
Standby to fire should show effect.

% FM 7 - No comment. 40

,F M 8 - Misfire on the first round; replace powder and primer.

FM 9 - No comment.

FM 10 - Powder delay on round 1. Dropped powder in water puddle. 0

FM 11 - Double elevation of tube for 1st round.

S•FM 12 - No comment.FM• 1 -

FM 13 - No comment.

FM 14 - 'No comment.

FM 15 - -ate powder round #1.

FM 16 - No comment.

DATE: Wed 8/19/92 POSTURE: MOPP4-S CREW: 2

U FM 1 - Projectile was late on round 1.
Different gunner than Monday.

FM 2 Trouble getting projectile on last round.

B-4
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FM 3 - Powder slow 1st round.

Elevates twice for 1st round of High angle mission.
Check fire before 1st round: Approx. 10 min.
Depressed tube twice for 2nd ro,-I.
Range called check (hold) fire 10 min.; removed powder from breech, no
primer. Medivac flight across rau L

FM 4 - 7 man crw. Loader going after powder each time.
A lot of delay for second bag.

FM 5 - Loader still going for powder.
Crew chief (#20) is helping with both powder and tray.
Elevated twice for 1st round.

FM 6 - Mission came in while crew still on way to gun from taking questionnaire.
Loader still going for powder, not on tray.

0

DA'.E: Fri 8/21/92 POSTURE: MOPP4-R CREW: 2

Loader using primer rack. First time for this crew.

FM 1 - 1st round elevated twice for high angle. 0
2nd round - some sort of hold up.

Several drinking water.

FM 2 - 3rd round was not rammed properly. 0
Slow powder, fiddling with breech.
Trouble opening breech 1st time or 2nd.
Trouble with the breech, also, needed second ram probably third round.
"Tirouble with the breech the 2nd rime.

S

FM 3 No comment.

FM 4 - 1st round elevated twice for high angle.
Difficulty seating primer I st round.
Rammers have mislaid ram twice so far, today.
Tray does not stait moving until end cf depression, unlike first crew who moved

right up.

FM 5 No comment.
S

B-5
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Y

FM 6 - Could not get brecch open the first time. (new loader - #24)

FM 7 - Loader is #25 this time.
Long J (close and prime) corresponds to uncertainty on part of loader about

whether primer latch was seated OK. Actually was OK in normal time. 0

FM 8 - Disorganized at start. Gunner is 426.

FM 9 - Voice FDC - iustrument down, delay due to Sgt Thompson about 10 sec. S

Delay to check instrumentation. Back on!

FM 10 - Needed 2 rams to seat one round (4th).

FM 11 - 1st round elevation screwed up - 395 corrected to 396. 0
Unsure loader regarding close and prime.
Ran out of primers - had to get the last one out of box.

FlM 12 - Delay to get helmets just before standby 1st round.
Gunner doing AG job; AG is ammo humper. •

FM 13 - Firing times lengthen out - time taken getting the powder bag into breech.

FM 14 - No comment.

Crew members now prone on backs in shade between missions.

FM 15 - 1st powder charge late.
Still very slow loading powder.

Verbal commands among cannoneers are f.iding, going to "autopilot".

FM 16 - No comment.

FM 17 - No comment.
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DATE: Mon 8/24/92 POSTURE: MOPP4-S CREW: 3

No primer rack.

FM 1 #2 round fell out of breech, needed second ram.
Assistant Gunner not using GDU to get QE, waiting for verbal command.

FM 2 - Loader is #36. 0
Was a delay after "fire mission" before orders called out -- unknown origin.

FM 3 - Sgt Thompson called away for phone call.
Crew delayed momentarily, then resumed action before he returned.

FM 4 - Sloppy start to mission, no apparent reason.
2nd round had loose powder wrapping.
3rd round -- instructing powder man orn wrapping.
Dropped primer on 3rd.

FM 5 - No comment.

FM 6 - Loader is now #38. Opening new boy of -anrmers.
Trouble with prim ýr latch on 1st round.
The loader fiddling around, couldn't tell if finished priming for 2nd ro, id. 0 *
#36 was ammo humper this time.

FM 7 - No comment.

FM 8 - Loader is #38. Unwrapping primers individually during close breech/prime.
No Assistant Gunner - QE being done by Gunner.

FM 9 - Slow ram was real.

DATE: Wed 8/26/92 POSTURE: BDU CREW: 3

No primer rack.

FM 1 - Loiig close breech/prime interval was trouble seating primer

FM 2 - #36 is Loader.

B-7 .
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FM 3 - No comment.

Sgt. Thompson motivating this crew.

FM 4 - Good data, fast mission.

FM 5 - No comment.

FM 6 - No comment.

FM 7 - No comment.

FM 8 - #36 is Loader.

Check fire; boat down range, crew standing in hot sun. 0

FM 9 - Projectile crew sharp.
Powder is lagging.

FM 10 - Bad primer - safety check. 0

FM 11 - No comment.

FM 12 - No comment.
* .

Powder tent collapses.

FM 13 - No comment.

Fixing powder tent.

FM 14 - No comment.

FM 15 - Powder slow 1st time.

FM 16 - No comment.

FM 17 - Did not swab bore after last round. Crew was rushing to a fault.

B-8
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DATE: Fri 8/28/92 POSTURE: MOPP4-R CREW: 3

Use primer rack today.
Instrumentation (orders) problem.

FM 1- #36 is Loader.

R4 2 - Loaders holding back until gun depressed.6

FM 3 - #39 is Loader; mission had ragged start, crew members bickering.

FM 4 #35 is Loader. Loader had to rcwrap last powder bag, then had trouble loading
it hecause gun was already at high angle.

FM 5 - #37 is Loader.

FM 6 - #38 is Loader.

FM 7 - #33 is Loader
Cannot find lanyard once.
Double ram was real; 1st one weak.

Some rotations work better than others because of variations in performance and procedure* 0
among crew membhers.

FM 8 - #39 is Loader.

FMr9echTw o t r loswed breause csausiweak ndifiut weasin good. helattie
Gunner doing both deflection and elevation.

Gunner elevated tube twice.

B-9
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APPENDIX C

RESULTS OF TASK TIME ANALYSES

This appendix prestnts a full set of figures and tables showing the analysis of task

completion times measv,-i( during the M198 howitzer fire missions. Results are presented in the

order of the task definitions giken in Section 4.1 with all crew postures grouped together for each

task.
For each task and each crew posture, there is a set of two figures and two tables. The

first figure in each set shows crew-by-crew plots of measured task completion times and the
second figure shows the data aggregated across all crews. Each plot includes a regression line

with a 68% confidence band. The first table in each set provides a statistical summary from the

regression analyses of task times and the second table shows an analysis of variance (ANOVA)

across the crews. These figures and tables follow analytical procedures and formats similar to

those developed in Volume I for the analysis of time to first round and time between rounds.

Details for this appendix, including the choice of independeint variable for the various plots and
regression analyses, are discussed in Section 4.2 of this volume.

Table C-0 provides a guide to the pages in this appendix that contain the figures and

tables for each task with crew in each posture.
The data points plotted in the figures come from task time data files derived from

reconciled event data as illustrated in Figure 3.1. Outlier data points (discussed in Section 4.2.3)
are shown in the single crew plots as solid circles. These outliers are not included in regression

*analyses or in the ANOVA and are not included in the crew aggregate plots or in subsequent

performance calculations.

The figures, regression analyses, and ANOVA are generated with the AXUMTm data
analysis software.

The measured task completion times shown in the crew-by-crew plots of this Appendix
are included as digital files on the 3.5" diskette that accompanies this report. Outliers are

included in the data files. The README.TXT file includes the task time limits from Table 4-2

for separating outliers. The scenario for each task completion data point is the start time for each

task within the scenario.

MAXUM �s a registered 1radernark of TriMetrix, Inc., Seattle Vashington.c" i
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Table C-O. Location of figures and tables for each task. Note that page numbers are
tabulated, not figure and table numbers.

Task Page numbers in this appendix •

BDU MOPP4-S MOPP4-R

Figures Tables Figures Tables Figures Tables S

r Relay orders C-3,4 C-5 C-6,7 C-8 C-9,10 C-1I

Begin set deflection C-12,13 C-i4 C-15,16 C-17 C-18,19 C-20

Set deflection C-21,22 C-23 C-24,25 C-26 C-27,28 C-29

Traverse tube C-30,31 C-32 C-33,34 C-35 C-36,37 C-38

Begin set elevation C-39,40 C-41 C-42,43 C-44 C-45,46 C-47 0

Set elevation C-48,49 C-50 C-51,52 C-53 C-54,55 C-56

Elevate tube C-57,58 C-59 C-60,61 C-62 C-63,64 C-65

Begin first load C-66,67 C-68 C-69,70 C-71 C-72,73 C-74

Load projectile C-75,76 C-77 C-78,79 C-80 C-81,82 C-83

"Load first powder C-84,85 C-86 C-87,88 C-89 C-90,91 C-92

Load first projo and pwdr C-93,94 C-95 C-96,97 C-98 C-99,100 C-101

Lock breech and prime C-102,103 C-104 C-105,106 C-107 C-108,109 C-110

Fire C-111,112 C-113 C-114,115 C-116 C-117,118 C-119

Open breech C-120,121 C-122 C-123,124 C-125 C-126,127 C-128

Swab chamber C-129,130 C-131 C-132,133 C-134 C-135,136 C-137 • *

Check sight C-138,139 C-140 C-141,142 C-143 C-144,145 C-146

Begin reload C-147,149 C-149 C-150,151 C-152 C-153,154 C-155

Reload powder C-156,157 C-158 C-159,160 C-161 C-162,163 C-164

Reload projo and pwdr C-165,66 C-167 C-168,169 C-170 C-171,172 C-173

Last open breech C-174,175 C-176 C-177,178 C-179 C-180.i81 C-182

Swab and inspect C-183,184 C-185 C-186,187 C-188 C-189,190 C-191

C-2
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RELAY ORDERS: BATTLE DRESS UNIFORM
(Linear regression with 68 % confidence band)

100 r
CREW 1 log(task time) = 1.53811 - 0.02411 * time

5
4 0 0 I
3 0 0
2 _._ oo1

1.5 _ 7
10 -_ _-S

0 1 2 3 4 5 6

Scenario Time, h

100 CREW 2 log(task time) 1.47234 - 0.03905 time

7 0
6

E 3

2a -------------.- __ • 0
1.5j

1 0 _

0 2 3 4 5 6

Scenario Time, h S

100--- - -.-

7 CREW 3 log(lask time) 1.35306 - 0.00535 * lime
7-
6

55

"- 3

10-
0 1 2 3 4 5 6

Scenario Time, h

Figure C-I. Task times with regression lines for relay orders in BDU
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Table C-1. Statistical summary' for :elay orders with crews in BDU.

Crew I Crew 2 Crew 3 Aggregate
Mean of Dependent Variable 1.47757 1.36253 1.33901 1.39515
Number of Observations 14 13 13 40
Total Sum of Squares .05594 .03942 .01926 ,26452 4t
Residual Sum of Squares .04315 .02098 .01861 .23740

Std. Dev. of Estimate .05997 .04368 .04114 .07904
R-squared .22858 .46762 .0336" .10251
Adjusted R-squared .16430 .41922 -.05419 .07889 0

Degrees of Freedom (dr) 12 11 11 38
Number of Ind Vars (K) 2 2 2 2
F(K- 1, df) 3.55577 9.66178 .38310 4.34029
Prob. Value of F .08377 .00995 .54855 .04400

O

Constant 1.53811 1.47234 1.35306 1.44627
Stardard error .03588 .03735 .02541 .02754

Slope -.02411 -.03905 -.00535 -.00547
Standard error .01279 .01256 .00865 .00262 0
t-ratio -1.885;8 -3.10834 -.61895 -2.08334
prob t .08377 .00995 .54855 .04400

Correlation Coefficient -.47810 -.68382 -.18,45 -.32017

'See Section 4 foi discussion of regression equations ?.id units.

K]•
Table C-2. ANOVA for relay orders with crews in BDU.

Sum Sq DF Alean Sq
Crew .14990 2 .11461
Error .07495 37 031 r

Mean of Dependent Variable 1.39515
Number of Observations 40
Total Sum of Squares .2 1t52
Residual Sum of Squares .11 461
Std. Dev. of Estimate .05566
R-squared .-,6670
Adjusted R-squared .54328
Tegee Of Freedom.rn (A,,
Dcgrccs I A (d1t&
Number of Ind Vars (K) 3
t"(K-1, df) 24.19578
Prob. Value of F .00000

@
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RELAY ORDERS: MOPP4 - STANDARD
(Linear regression with 68 % confidence band)
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Figure C-3. Task tirnes with regression lines for relay orders in MOPP4-S •
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Table C-3. Statistical summary' for relay orders with crews in MOPP4-S. 0
Crew I Crew 2 Crew 3 Aggregate

Mean of Dependent Variable 1.51586 1.58029 1.61219 1.57747
Number of Observations 3 4 5 12 0

Total Sum of Squares .00143 .02012 .00267 .04166
Residual Sum of Squares .00012 .01350 .00225 .03904
Std. Dev. of Estimate .01101 .08216 .02739 .06249
R-squared .91509 .32884 .15593 .06269
Adjusted R-squared .83018 -.00674 -. 12543 -.03104 0
Degrees of Freedom (df) 1 2 3 10
Number of Ind Vars (K) 2 2 2 2
F(K- 1, df) 10.77712 .97991 .55420 .66885
Prob. Value of F .18824 .42656 .51062 .43251

Constant 1.63012 1.44913 1.63210 1.55065
Standard error .03538 .13872 .02941 .63743

Slope -.07604 .10516 -.00757 .01421
Standard error .02316 .10623 .01016 .01737
"t-ratio -3.28285 .98990 -.74445 .81783
prob t .18824 .42656 .51062 .43251

i I Correlation Coefficient -.95660 .57344 -.39488 .25038

0•:It 'See Section 4 for discussion of regression equations and units.

:] Table C-4. ANOVA for relay orders with crews in MOPP4-S.

Sum Sq DF Mean Sq i
Crew .01745 2 ,02421
Error .00872 9 ,00269

Mean of Dependent Variable 1.57747
Number of Observations 12
Total Sum of Squares .04166
"Residual Sum of Squares .02421
Std. Dev. of Estimate .05186
R-squared .41881
Adjusted R-squared .28966 0

Degrees of Freedom (df) 9
Number of Ind Vars (K) 3
F(K- 1, df) 3.24280
Prob. Value of F .08698
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RELAY ORDERS: MOPP4 - ROTATING
(Linear regression with 68 % confidence band)
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Table C-5. Statistical summary' fc,r relay -'.ders with crews in MOPP4-R.

drew 1 Crew 2 Crew 3 Aggregate
Mean of Dependet Variable No Data 1.49725 1.51912 1.50454
Number of Observations 14 7 21
Total Sum of Squares .18778 .24169 .43170
Residual Sum of Squares .17221 .17735 .43159
Std. Dev. of Estimate .11980 .18833 .15072
R-squared .08291 .26622 .00027 0

SAdjusted R-squared .00648 .11947 -,05235
SDegrees of Freedom (df) 12 5 19

Number of Ind Va,"s (K) 2 2 2
F(K-1, df) 1.08485 1.81404 .00516
Prob. Value of F .31815 .23585 .94347

Constant 142859 1.68715 1.50864
AM Standard error .07329 .14363 .06)80

Slope .01721 -.079.') -.00122
Standard error .01652 .05902 .01694 0

t-ratio 1.04156 -1.34686 -.07185
prob t .31815 .23585 .94347

SCorrelation Coefficient .28794 -.51597 -.01648

'See Section 4 for discussion of regression equations and units

Table C-6. ANOVA for relay orders with crews in MOPP4-R.
S

Sum Sq DF Mean Sq
Crew .00223 1 .42947
Error .00223 19 .02260

Mean of Dependent Variable 1.50454
Number of Observations 21
Total Sum of Squares .43170
Residual Sum of Squares .42947
Std. Dev. of Estimate .15035
R-squared .00517
Adjusted R-squared -.04719
Degrees of Freedom (df) 19
Number of Ind Vars (K) 2
F(K- 1, df) .09871
Prob. Value of F .75680
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BEGIN SET DEFLECTION: BATTLE DRESS UNIFORM
(Linear regression with 68 % confidence band)
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Table C-7. Statistical sumnu-ry' for )egin set deflection with crews in BDU.

Crew 1 Crew 2 Crew 3 Aggregate
Mean of Dependent Variable 6.13500 5.00182 9.38286 6.45594
Number of Observations 14 11 7 32
Total Sum of Squares 95.84334 57.42476 44.24994 282.18710 .o)
Residual Sum of Squares 86.01369 33.27636 34.70349 242.52820
Std. Dcv. of Estimate 2.67728 1.92286 2.63452 2.84329
R-squared .10256 .42052 .21574 .14054
Adjusted R-squared .02777 .35614 .05889 .11189 0

Degrees of Freedom (df) 12 9 5 30
Number of Ind Vars (K) 2 2 2:
"F(K-1, df) 1.37136 6.53123 1.37543 4.90570
Prob. Value of F .26431 .03091 .29371 .03451

Constant 4.45638 .92208 13.58725 4.17601
Standard error 1.60209 1.69839 3.72068 1.14553

Slope .66958 1.53953 -1.20705 .23015H Standard error .57093 .60241 1.02922 .10391
t-ratio 1.17105 2.55563 -1.17279 2.21488
prob t .26431 .03091 .29371 .03451

Correlation Coefficient .32025 .64848 -.46448 .37489
* 0

'See Section 4 for discussion of regression equations and units.

Table C-8. ANOVA for b,-gin set deflection with crews in BDU.
0

Sum Sq DF Mean Sq
Crew 84.66911 2 197.51800
Error 42.33455 29 6.81097

Mean of Dependent Variable 6.45594
Number of Observations 32
Total Sum of Squares 282.187 10
Residual Sum of Squares 197.51800
Std. Dev. of Estimate 2.60978
R-squared .30005
Adjusted R-squared .25, 177
Degrees of Freedom (dr) 29

Number of Ind Vars (K) 3
F(K-1, df) 6.21564
Prob. Value of F .00567
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BEGIN SET DEFLECTION: MOPP4 - STANDARD
(Linear regression with 68 % confidence band)
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Figure C-9. Task times with regression lines for begin set deflection in MOPP4-S.
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Table C-9. Statistical summary' for begin set deflection with crews in MOPP4-S.

Crew 1 Crew 2 Crew 3 Aggregate
Mean of Dependent Variable 9.06250 9.45333 10.30500 9.46889
Number of Observations 4 3 2 9
Total Sum of Squares 30.87508 58.87546 40.59005 132.40010 4'
Residual Sum of Squares 11.67998 47.66978 .00000 101.89070
Std. Dev. of Estimate 2.41661 6.90433 .00000 3.81521
R-squarcd .62170 .19033 1.00000 .23043
Adjusted R-squared .43255 -.61934 .00000 .12050
Degrees of Freedom (df) 2 1 0 7
Number of Ind Vars (K) 2 2 2 2
F(K-I, df) 3.28684 .23507 2.09603
Prob. Value of F .21152 .71260 .19094

Constant -7.74174 .70163 -6.46721 3.62607
Standard error 9.34736 18.48565 4.23137

Slope 9.12055 8.28020 F.62412 3.64410
Standard error 5.03074 17.07825 2.51705 -
t-ratio 1.81296 .48484 1.44777
prob t .21152 .71260 .19094

Correlation Coefficient .78848 .43627 1.00000 .48003

'See Section 4 for discussion of regression equations and units.

Table C-10. ANOVA for begin set deflection with crews in MOPP4-S.

Sum Sq DF Mean Sq
Crew 2.05950 2 130.34060
Error 1.02975 6 21.72343

Mean of Dependenl Variable 9.46889
Number of Observations 9
Total Sum of Squares 132.40010
Residual Sum of Squares 130.34060
Std. Dev of Estimate 4.66084
R-squared .01556L Adjusted R-squared -.31259
DegreL - of Freedom (df) 6
Number of Ind Vars (K) 3
F(K- 1. df) .04740
Prob. Value of F .95406
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BEGIN SET DEFLECTION: MOPP4 - ROTATING
(Linear regression with 68 % confidence band)
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Figure C- 11. Task times with regression lines for begin set deflection in MOPP4-R.
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Table C-11. Statistical summary' for begin set deflection with crcws in MOPP4-R.

Crew I Crew 2 Crew 3 Aggregate
Mean of Dependent Variabie No Data 6.95444 4.10250 6.07692
Number of Observations 9 4 13 0
Total Sum of Squares 22.90602 30.51147 75.94127
Residual Sum of Squares 18.66914 30.17866 70.30456
Std. Dev. of Estimate 1.63310 3.88450 2.5281 1
R-squared .18497 .01091 .07422
Adjusted R-squared .06854 -.48364 -.00994 0
Degrees of F:'edom (df) 7 2 11
Number of Ind Vars (K) 2 2 2
F(K- 1, df) 1.58862 .02206 .88193
Prob. Value of F .24791 .89556 .36784

0
Constant 5.85783 4.63895 5.012 14

Standard er-ror 1.02631 4.10121 1.33311

Slope .33671 -.20643 .34861
Standard =rror 26714 1.38999 .37122 0
t-ratio 1.26041 -. 14851 .93911
prob t .24791 .89556 .36784

Correlation Coefficient .43008 -.10444 .27244

*0
'See Section 4 for discussion of regression equations and units.

Table C-12. ANOVA for begin set deflection with crews in MOPP4-R.

Sum Sq DF Mean Sq
Crew 22.52378 1 53.41749K Error 22.52378 11 4.85613

Mean of Dependent Variable 6.07692
Number of Observations 13

Total Sum of Squares 75.94127
Residual Sum of Squares 53.41749
Std. Dev. of Estimatc 2.20366

R-squared .29659IiAdjusted R-squared .23265 0•i:!'Degrees of Freedom (di- 11

I Number of Ind Vars (K) 2
,1(-l, df) 4.63821
Prob. Value of F .05430
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SET DEFLECTION: BATTLE DRESS UNIFORM
(Linear regression with 68 % confidence band) l
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Table C-13. Statistical surmnaryl for set deflection with crews in BDU.

Crew I Crew 2 Crew 3 Aggregate
Mean of Dependent Variable .72354 .75248 .72316 .73191
Number of Observations 11 10 13 34
Total Sum of Squares .27715 .12725 .27940 .68979
Residual Sum of Squares .25922 .11748 .26063 .68376
Std. Dev. of Estimate .16971 .12118 .15393 .14618
R-squared .06468 .07676 .06718 .00874
Adjusted R-squared -.03925 -.03864 -.01763 -.02223
Degrees of Freedom (df) 9 8 11 32
Number of Ind Vaxs (K) 2 2 2 2
F(K- 1, df) .62232 .66518 .79214 .28224
Prob. Value of F .45046 .43834 .39250 .59891

@

Constant .79412 .67092 .64805 .70770
Standard error .10307 A10710 .09457 .05201

Slope -.03128 .03130 .02838 .00273
Standard error .03965 .03838 .03189 .00515
t-ratio -.78888 .81558 .89002 .53126
prob t .45046 .43834 .39250 .59891

Correlation Coefficient -.25431 .27706 .25918 .09350

'See Section 4 for discussion of regression equations and units.

Table C-14. ANOVA for set deflecdon with crews in BDU.
o

Sum Sq DF Mean Sq
Crew .00600 2 .68379
Error .00300 31 .02206

Mean of Dependent Variable .73191
Number of Observations 34
Total Sum of Squares .68979
Residual Sum of Squaresý .68379
Std. Dev. of Estimate .14852
R-squared .00869
Adjusted R-squared -.05526
Degrees of Freedom (df) 31
Number of Ind Vars (K) 3
F(K-1, df) .13593
Prob. Vilue of F .87342
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SET DEFLECTION: MOPP4 - STANDARD
(Linear regression with 68 % confidence band)
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Table C-15. Statistical sumnmary' for set deflection with crews in MOPP4-S.

Crew 1 Crew 2 Crew 3 Aggregate
Mean of Dependent Variable .64985 1.04566 .89894 .83700

Number of Observations 5 3 5 i 3
Total Sum of Squares .10981 .02115 .06809 .52396
Residual Sum of Squares .02333 .00104 .01621 .46 136
Std. Dev. of Estimate .08819 .03218 .07351 .20480
R-squared .78754 .95101 .76193 .11950
Adjusted R-squarcd .71672 .90203 .68257 .03946 0
Degrees of Freedom (df) 3 1 3 11
Number of Ind Vars (K) 2 2 2 2
F(K- 1, df) 11.12041 19.41377 9.60126 1.49292
Prob. Value of F .04456 .14208 .05335 .24730

0

Constant 1.32394 .67485 1.12204 ,97024
Standard error .20595 .08619 .07915 .12296

Slope -.39266 .34997 -.08453 -.06940
Standard error .11775 .07943 .02728 .05680
t-ratio -3.33473 4.40611 -3.09859 -1.22185
prob t .04456 .14208 .05335 .24730

Correlation Coefficient -.88744 .97520 -.87289 -.34569

'See Section 4 for discussion of regression equations and units.

Table C-16, ANOVA for set deflection with crews in MOPP4-S.

Sum Sq DF Mean Sq 0
Crew .32493 2 .19905
Error .16240 10 .01991

Mean of Dependent Variable .83700
Number of Observations 13
Total Sum of Squares .52398
Residual Sum of Squares .19905
Std. Dev. of Estimate .14109
R-squared .62012
Adjusted R-squared .54414 U

Degrees of Freedom (df) 10
Number of Ind Vars (K) 3
F(K- 1, df) 8.16191
"Prob. Value of F .00791

.
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SET DEFLECTION: MOPP4 - ROTATING

(Linear regression with 68 % confidence band)
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Table C-17. Statistical summary' for set deflection with crews in MOPP4-R.

Crew 1 Crew 2 Crew 3 Aggregate
Mean of Dependent Variable No Data .69181 .84600 .74000 0
Number of Observations 11 5 16
Total Sum of Squares .26309 .12295 .46776
Residual Sum of Squares .26290 .02831 .46767
Std. Dev. of Estimate .17091 .09713 .18277
R-squared .00074 .76979 .00020 -
Adjusted R-squared -. 11029 .69305 -.07122
Degrees of Freedom (df) 9 3 14
Number of Ind Vars (K) 2 2 2
F(K- 1, df) .00669 10.03153 .00274
Prob. Value of F .93659 .05059 .95902

S

Constant .68418 .61190 .74378
Standard error .10664 .08573 .08551

Slope .00216 .12766 -.00126
Standard exror .02637 .04031 .02403 0
t-ratio .08180 3.16726 -.05231
prob t .93659 .05059 .95902

Correlation Coefficient .02726 .87738 -.01398 0• 0

'See Section 4 for discussion of' regression equations and units.

Table C 18. ANOVA for set deflection with crews in MOPP4-R.

Sum Sq DF Mean Sq
Crew .08172 1 .38605
Error .08172 14 .02757 7

Mean of Dependent Variable .74000
Number of Observations 16
Total Sum of Squares .46776
Residual Sum of Squares .3860591 Std. Dev. of Estimate .16606
R-squared .17469
Adjusted R-squared .11574

Degrees of Freedom (df) 14
Number of Ind Vars (K) 2

F(K-1. df) 2.96341
Prob. Value of F .10718
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TRAVERSE TUBE: BATTLE DRESS UNIFORM
(Linear regression with 68 % confidence band)
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Table C-19. Statistical summary' for traverse tube with crews in BDU.

Crew 1 Crew 2 Crew .3 Aggregate
Mean of Dependent Variable .69054 1.24750 1.26820 1.25933
Number of Observations 14 9 12 21
Total Sum of Squares .24364 .04905 .18339 .23464
Residual Sum of Squares .23305 .04487 .18175 .23349
Std. Dev. of Estimate .13936 .0-30,6 .13482 .11086
R-squared .04348 .08518 .00892 .00489
Adjitsted R-squared -.03623 -.04551 -.09019 -.04749 0
Degrees of Freedom (df) 12 7 10 19
Number of Ind Vars (K) 2 2 2 2
F(K- 1, df) .54551 .65179 .08999 .09333
Prob. Value of F .47436 .44603 .7701" .76330

Constant .63536 1.29956 1.29754 1.27393
Standard error .08348 .06979 .10527 .05357

Slope .02195 -.02024 -.00966 -.00148
Standard error .02972 .02507 .03221 .00485
t-ratio .73859 -.80734 -.29999 -.30551
prob t .47436 .44603 .77033 .76330

Correlation Coefficient .20852 -.29186 -.09444 -.06992

'See Section 4 for discussion of regression equations and units.

Table C-20. ANOVA for traverse tube with crews in BDU.

Sum Sq DF Mean Sq
Crew .00220 1 .23244
Error .00220 19 .01223

Mean of Dependent Variable 1.25933
Number of Observations 21
Total Sum of Squares .23464

Residual Sum of Squares .23244
Std. Dcv. of Estimate .11061
R-squared .00939
Adjusted R..squared -.04275 0
Degrees '-f Freedom (df) 19
Number of Ind Vars (K) 2
F(K- 1. df) .18010
Prob. Value of F .67605

0
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TRAVERSE TUBE: MOPP4 - STANDARD ANIL

(Linear regression with 68 % confidence band)
2

CREW 1 log(task time) = 0.57268 + 0.03502 * time 0

10- _

ci 6
E 5 _ _

ooI I
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Figure C-21. Task times with regression lines for traverse tube in MOPP4-S, 0
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Table C-21. Statistical summnary' for traverse tube with crews inMOPP4-S.

Crew 1 Crew 2 Crew 3 Aggregate
Mean of Dependent Variable .63285 1.48299 1.35762 1,41334
Number of Observations 5 4 5 9
Total Sum of Squares .07778 .01184 .01784 .06461
Residual Sum of Squares .07709 .00620 .01063 .02159
Std. Dev. of Estimate .16030 .05569 .05951 .05554AR-squared .00882 .47622 .40440 k66578
Adjusted R squared -.32157 .21433 .20587 .618040
Degrees of Freedom (df) 3 23 7
Number of Ind Vars (K) 2 2 2 2
F(K- 1, df) .02670 1.81841 2.03696 13.94440
Prob. Value of F .88059 .30991 .24880 .00732

Constant .57268 1.60432 1.53862 1.62930
Standard error .375 16 .09419 .12958 .06072

Slope .03502 -.09679 -.09357 -.132351kStandard error .21434 .07178 .06556 .03544
t-ratio .16340 -1.34848 -1.42722 -3.7 3422K;prob t .88059 .30991 .24880 .00732

Correlation Coefficient .09392 -.69009 -.63593 -.8 1595

'See Section 4 for discussion of regression equations mits.

Table C-22. ANOVA for traverse tube with crews in MOPP4-S.

Sunt Sq DF M4ean Sq
Crew .03492 1 .02968
Error .03492 7 .00424

Mean of Dependent Variable 1.41334
Number of Observations 9
Total Sum of Squares .06461
Residual Sum of Squares .02968
Std. Dev. of Estimate .065 12G
R-squared .54056
Adjusted R-squared .47492
Degrees of Freedom (df) 7
Number of Imd Vars (K) 2I
F(K- 1, df) 8.23597
Prob. Value of F .02400
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TRAVERSE TUBE: MOPP4 - ROTATING
(Linear regression with 68 % confidence band)
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Figure C-23. Task times with regression lines for traverse tube in MOPP4-R. l
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Table C-23. Statistical sumnmaty' for traverse tube with crews in MOPP4-R.

Crew 1 Crew 2 Crew 3 Aj,-regate
Mean of Dependent Variable No Data 1.44322 1.38765 1.42006
Number of Observations 7 5 12
Total Sum of Squares .04689 .08919 .14508
Residual Sum of Squares .04008 .01696 .13772
Std. Dev. of Estimate .08953 .07520 .11735
R-squared .14521 .80980 .05076
Adjusted R-squared -.02575 .74640 -.04417 0
Degrees of Freedom (df) 5 3 10
Number of Ind Vars (K) 2 2 2
F(K-1, df) .84939 12.77292 .53471
Prob. Value of F .39901 .03745 .48142

Constant 1.38891 1.89012 1.38412
Standard error .06794 .14456 .05970

Slope .01692 -.36470 .01469

Standard error .01836 .10204 .02009
t-ratio .92162 -3.57392 .73124
prob t .39901 .03745 .48142

Correlation Coefficient .38106 -.89989 .22529 * 0

'See Section 4 for discussion of regression equations and units.

Table C-24. ANOVA for traverse tube with crews in MOPP4-R.

Sum Sq DF Mean Sq
Crew .00901 1 .13608
Error ,00901 10 .01361

Mean of Dependent Variable 1.42006
Number of Observations 12
Total Sum of Squares .14508
Residual Sum of Squares .13608
Std. Dev. of Estimate .11665

J R-squared .06207
Adjusted R-squared -.03172
Degrees of Freedom (df) 10
Number of Ind Vars (K) 2
F(K- 1, dfl .66178
Prob. Value of F .43488
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BEGIN SET ELEVATION: BATTLE DRESS UNIFORM
(Linear regression with 68 % confidence band)

: CREW 1 delay time = 3.40148 + 2,02644 • tim,•
40 i

~, 30:-fjI

E 20 " I
c' 10 -. _... . e_ _ Ii--
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CREW 2 delay time = 2.81116 - 0.49392 * time
40

•-- -r---_

30

E 20 __

o 1:2 3..4... .. 6-10 •

-20 r..
0 1 2 3 4

Scenario Time, h "

50 -- " r
4 CREW 3 delay time 16.22794 - 2,91975 * time

40._ V ~I_____ __

30 - _0-

E 0 ------.....- .-

"F,= 20

KA 10..

-20 . .. . .. ..

Scenario Time, h

'7Figure C -25. Task timies with regression lines for begin• set elevatio~n in BDU.
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Table C-25. Slatistical summary' for begin set elevation with crews in BDU.

Crew I Crew 2 Crew 3 Aggregate
Mean of Dependent Vartable 5.27333 1.42231 5.05429 3.03000
Number of Ouservations 3 13 7 23
Total Sum of Squ:-res 3.26167 124.18100 16.99797 221.82320
Residual Sum of Squares 2.20393 121.23260 10.48416 221.71250
Std. Dev. of Estimate 1.48456 3.31981 1.44804 3.24927
R-squai,.d .32429 .02374 .38321 .00050
Adjusted R-sqiuared --.35141 -.06501 .25985 -.04710 5
Degrees of Freedom (df) 1 11 5 21
Number ui ind Vars (1,) 2 2 2 2
F(K-1, df) .47993 .26752 3110650 .01048
Prob. Value of F .61430 .61524 .13827 .91943

Constant 3.40148 2.81116 16.22794 3.17245
Standard error 2.83465 2.83867 6.36314 1.54767

Slope 2.02644 -.49392 -2.91975 -.01437
Standard error 2.92511 .95495 1.65657 .14037 0
t.-ratio .69277 -.51723 -1.76253 -. 10237
prob t .61430 .61524 .13827 .91943

Correlation Coefficient .56947 -. 15409 -.61904 -.02233 * .
'See Section 4 for discussion of regression equations and units.

Table C-26. ANOVA for begin set elevation with crews in BDU.
6

Sum Sq DF Mean Sq
Crew 77.38252 2 144.44060
Error 38.69126 20 7.22203

Mean of Dependentl Variable 3.03000
Number of Obser-'ations 23
Total Sum of Squares 221.82320
Residual Sum of Squares 144.44060
Std. Dev. of Estimate 2.68738
R-squared .34885
Adjusted R-squared .28373
Degrees of Freedom (df) 20
Number of Ind Vars (K) 3
F(K-1, df) 5.35739

Prob. Value of F .01370

C.4 I

o



BEGIN SET ELEVATION: MOPP4 - STANDARD
* i(Linear regression with 68 % confidence band)

S.. . . .. 70 . )
0 CREW -delay time =11.26116-2.33311 *timeS60 CE
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!,Figure C-27. Task timnes with regression lines for begin set elevation in MOPP4.-S.
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Table c-27. Statistical summary' for begin set elevation with crews in MOPP4-S.

Crew 1 Crew 2 Crew 3 Aggregate
Mean of Dependent Variable 7.26400 1.88000 4.08000 5.36000
Number of Observations 5 2 2 9

Total Sum of Squares 18.20732 6.99380 14.36480 85.18959
IResidual Sum of Squares 15.13328 .00000 .00000 82.23502
Std. Dev. of Estimate 2.24598 .00000 .00000 3.42752

R-squared .16884 1.00000 1.00000 .03468
Adjusted R-squared -.10822 .00000 .00000 -. 10322 6

Degrees of Freedom (df) 3 0 0 7
Number of Ind Vars (K' 2 2 2 2
F(K- 1, df) .60939 .25150

Prob. Value of F .49195 .63141

SConstant 11.26116 -5.62141 -77.32991 3.43704
Standard error 5.21798 4.00104

Slope -2.33311 6.80464 34.08348 1.11311
Standard error 2.98873 2.21957
t-ratio -.78064 .50150
prob t ,49195 .63141

Correlation Coefficient -.41090 1.00000 1.00000 .18623

'See Section 4 for discussion of regression equations and units.

Table C-28. ANOVA for begin set elcVation with crews in MOPP4-S.

Sum Sq DF Mean Sq
Crew 45.62367 2 39.56591
Error 22.81184 6 6.59432

Mean of Dependent Variable 5.36000
Number of Observations 9
Tc'al Sum of Squares 85.18959
Residual Sum of Squares 39.56591
Std. Dev. of Estimate 2.56794
R-squared .53555
Adjusted R-squared .38074 S

Degrees of Freedum (df) 6
Number of Ind Vars (K) 3
F(K- 1, df) 3.45932
Prob. Value of F .10019

0

C-44

~~~.. ... .. ...o • •O



BEGIN SET ELEVATION: MOPP4 - ROTATING
) •(Linear regression with 68 % confidence band)
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Figure C-29. Task times with regression lines for begin set elevation in MOPP4-R. S
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Table C-29. Statistical summary' 'or begin set elevation with crews in MOPP4-R.

Crew I *..w 2 Crew 3 A., regate
Mean of Dependent Variable No Data 5.36250 7.86857 6.53200
Number of Observations 8 7 15
Total Sum of Squares 246.53890 123.84730 393.83300
Residual Sum of Squares 119.95470 121.54620 337.18210
Std. Dev. of Estimate 4.47129 4.93044 5.09285
R-squared .51345 .01858 .14384

Adjusted R-squared .43235 -. 17770 .07799
Degrees of Freedom (df) 6 5 13
Number of Ind Vars (K) 2 2 2
F(K- 1, df) 6.33160 .09466 2.18417
Prob. Value of F 04552 .77074 .16325

Constant -.59558 8.87340 3.63655

Standard error 2,84704 3.76022 2.35956

Slope 1.98616 -.47534 1.11949
Standard ciTor .78933 1.54497 .75749 •

t-ratio 2.51627 -.30767 1.47789
prob 1 .04552 .77074 .16325

Cotrrelation Coefficient ./1655 -. 13631 .37927 * .H|
See Section 4 for discussion of regression equations and units.

Table C-30. .,%NOVA for begin set elevation with crews in MOPP4-R.

Sum Sq DF Mean Sq
Crew 23.44680 1 370.38620
Error 23.44680 13 28.49125

SMean of Dependenr Variable 6.53200f
Number of Observations 15
Total Sum of Squares 393.83300
Residual Sum of Squares 370.38620
Std. Dev. of Estimate 5.33772
R-squared .05953
Adjusted k-squared -.01281
Degrees of Freedom (df) 13
Number of Ind Vars (K) 2
F(K- 1, df) .82295
Prob. Value of F .38083
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SET ELEVATION: BATTLE DRESS UNIFORM
(Linear regression with 68 % coi ifidence band)

CREW 1 log(task time) = 0.96889 - 1229 * time3 ___ I __ __ __ _ __
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E~ 0

3* i 0

1 3_
2 .. . ...

0 1 2 3 4 5 6

Scenario Time, h

4 CREW 2 log(task time) = 0.84542 + 0.00114 * time

E
-. 4 0

u• 3

0 1 2 3 4 5 6

Scenario Time, h 0

4 [CREW 3 log(task time) -0.55290 + 0.08986* time

10E- Ii --. -2 10 ......... .... . -

. 1 - : ::. . 1 . ..
E 1 2 3 4 5 6

Scenario Time, h

Figure C-3 1. Task tunes with regression lines for set elevation in BDU.
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Table C-31. Statistical summary' for set elevation with crews in BDU. /

Mea Crew 1 Crew 2 Crew 3 Aggregate
Mean of Dependent Variable .85598 .84868 .79929 .83298
Number of Observations 13 11 14 38
Total Sum of Squares .12763 .07704 .41178 .64192
Residual Sum of Squares .09609 .07703 .21033 .60909
"Std. Dev. of Estimate .09346 .09251 .13239 .13007
R-squared .24712 .00016 .48921 .05115

I Adjusted R-squared .17868 -. 11093 .44665 .02479
Degrees of Freedom (df) 11 9 12 36
Number of Ind Vars (K) 2 2 2 2
F(K-1, df) 3.61054 .00145 11.49308 1.94056
Prob. Value of F .08393 .97047 .00537 .17215

Constant .96889 .84542 .55290 .77109
Standard error .06483 .09020 .08084 .04919

Slope -.04229 .00114 .08986 .00631
Standard error .02226 .03006 .02651 .00453
t-ratio -1.90014 .03806 3.39014 1.39304
prob t .08393 .97047 .00537 .17215

Correlation Coefficient -.49711 .01269 .69944 .22616
* 0

LSee Section 4 for discussion of regression equations and units.

Table C-32. ANOVA for set elevation with crews in BDU.

Sum Sq DF Mean Sq
SCrew .02548 2 .61645J Error .01274 35 .01761

Mean of Dependent Variable .83298
Ii Number of Observations 38

Total Sum of Squares .64192
Residual Sum of Squares .61645
Std. Dev. of Estimate .13271
R-squared .03969S.)?] Adjusted R-squared -.01519 ••

..Degrees of Fedom (df) 35
Number of Ind Vars (K) 3
F(K-I, df) .72325
Prob. Value of F .49228
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SET ELEVATION: MOPP4 - STANDARD .u •

(Linear regression with 68 % confidence band)
100 - ()

CREW 1 log(task time) = 0.84510 + 0.00480 'time 0
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Figure C-33. Task times with regression lines for set elevation in MOPP4-S. 0
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,ao Table C-33. Statistical summary' for set elevation with crews in MQPP4-S.

Crew 1 Crew 2 Crew 3 Aggregate
Mean of Dependent Variable .85395 .87932 .84 194 .85990
Number of Observations 4 4 3 11
Total Sum of Squares .00071 .0 1070 .04697 .06100
Residual Sum of Squares .00070 .00099 .04485 .05050
Std. Dev. of Estimate .01872 .02226 .21178 .07491
R-squared .00752 .90746 .04514 .17209
Adjusted R-squared -.48872 .86119 -.90972 .08010
Degrees of Freedom (df) 2 2 1 9
Nu~mber of Ind Vars, (K) 2 2 2 2
F(K- 1, d) .01515 19.61205 .04727 1.87077
Prob. Value of F .9 1329 .04739 .86370 .20456

Constant .84510 1.03804 .96209 .96417
Standard error .07252 .03753 .56596 .0795 1

Slope .00480 -.12680 -.05807 -.06169
Standard error .03899 .02863 .26706 .04510
t-ratio .12309 -4.42855 -.21743 -1.36776

prob t .9 1329 .04739 .86370 .20456
Correlation Coefficient .08671 -.95261 -.21246 -.41484

*
'See Section 4 for discussion of regression equations and units.

Table C-34. ANOVA for set elevation with crews in MOPP4-S.

Surn Sq DF Mean Sq
Crew .00262 2 .05838
Error .00131 8 .00730

Mean of Dependent Variable .85990
Number of Observations 11I
Total Sum of Squares .06100
Residual Sum of Squares .05838
Sid. Dcv. of Estimate .08543
R-squared .04292
Adjusted R-squared -.19636
Degrees of ircedom (dt) X_
Number of Ind Vars (1 3
F(K-l1, dfl) .17936
Prob. Value of F .83907
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SET ELEVATION: MOPP4 - ROTATING
(Linear regression with 68 % confidence band) 0
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Figure C-35. Task times with regression lines for set (devation in MOPP4-R. -
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Table C-35. Statistical summary' for set elcvation with crews in MOPP4-R.

M f d rCrew I Crew 2 Crew 3 Aggregate
Mean of Dependent Variable No Data .91904 .97142 .94285
Number of Observations 6 5 11 0
Total Sum of Squares .06961 .14491 .22200

SResidual Sum of Squares .06545 .01215 .15471

Std. Dev. o" Estimate .12792 .06364 .13111
R-squared .05968 .91615 .30310
Adjusted R-squared -. 17541 ,88819 .22567 0
Degrees of Frecdom (df) 4 3 9
Number of Ind Vars (K) 2 2 2
F(K-1, df) .25385 32.77618 3.91441
Prob. Value of F .64086 .01058 .07925

Constant .87635 .60891 .79944

Standard error .09953 .06942 .08256

Slope .01698 .14142 .05653
Standard error .03369 .02470 .02857
"t-ratio .50384 5.72505 1,97849
prob t .64086 .01058 .07925

Correlation Coefficient .24429 .95715 .55055

'See Section 4 for discussion of regression equations and units.

Table C-36. ANOVA for set elevation with crews in MOPP4-R.

Sum Sq DF Mean Sq 0
Crew .00748 1 .21451
Error NO,)748 9 .02383

Mean of Dependent Variable .94285
Number of Observations 11
Total Sum of Squares .22200
Residual Sum of Squares .21451
Std. Dev. of Estimate .15439
R-squared .03370
Adjusted R-squared 5

Degrees of Freedom (dt) 9
"Number of Ind Vars (K) 2
F(K-1. dr) .31391
Prob. Value of F .58896

S
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ELEVATE TUBE: BATTLE DRESS UNIFORM M1

~y ~(Linear regression with 68 % confidence band) l
CREW 1 log(task time) =1,41406 -0.04902 *time 0
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Figure C-37. Task times with regression lines for elevate tube in BDU.
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Table C-37. Statistical summary' for elevate tube with crews in BY)U.

Crew I Crew 2 Crew 3 Aggregaie
Mean of Dependent Variable 1.28307 1.34379 1.25902 1.29179

Number of Observations 13 11 14 38
Total Sum of Squares .16130 .06732 .23194 .5063
Residual Sum of Squlares .11893 .05970 .21946 .48104
Std. Dev. of Estimate .10398 .08145 .13523 .11560
"R-squared .26268 .11317 .05383 .04993
Adjusted R-squared ,19565 .01464 -.02502 .02354
D-grecs of Freedom (df) 11 9 12 36

Number oi Ind Vars (K) 2 2 2 2

F(K- 1, df) 3,91881 1.14852 .68269 1.89207
Prob. Value of F .07332 .31175 .42479 .17747

Constant 1.41406 1.41866 1.19766 1.34432
Standard error .07218 .07405 .0825" .04255

Slope -.04902 -.02670 .92236 -.00541
Standard error .02476 .02492 .02706 .00393 -

t-ratio -1.97960 -1.07169 .82625 -1.37553
prob t .07332 .31175 .42479 .17747

Correlation Coefficient -ý51252 -.33641 .23201 -.22346

'See Section 4 for discussiop of regression equations and units.

Table C-38. ANOVA for elevate tube with crews in BDU.

Sum Sq DF Mean Sq
Crew ,04576 2 .46056
Error .02288 35 .01316

MeLn of Depiendent Variable 1.29179

Number of Observations 38
Total Sum of Squares .50633
Residual Sum of Squares .46056
Std. Dev. of E:tmnate .11471
1%-squa, .09039
Adjusted R-squared .03841
Degrees of Freedom (df) 35
Number of Ind Vars (K) 3
F(K-1, dr) 1.73892
Prob. Value of F 19055
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7ELEVATE TUBE: MOPP4 - STANDARD
(Linear regression with 68 % confidence band)
CREW 1 Iog(task time) 1.61996-0.14722 timre

4
3 
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0 2 3 4 5 6

Time In MOPP4, h
100.. . . . ..

CREW 2 log(task time) = 1,31528 + 0.02460 , time
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10 - _ _ __ _ - _ -
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Figure C-39, Task times with i-egression lines for elevate tube in MOPP4-S.
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Table C-39. Statistical summary' for elevate tube with crews in MOPP4-S.

Crew I Crew 2 Crew 3 Aggregate
Mean of Dependent Variable 1.38722 1.34613 1.32602 1.35242
Number of Observations 3 4 3 10
Total Sum of Squares .02753 .03456 .A,0010 .06808
Residual Sum of Squares .01840 .03420 .00000 .06633
Std. Dev. of Estimate .13566 .13076 .00220 .09106
R-squared .33147 .01057 .95299 .02563
Adjusted R-squared -.33706 -.48415 .90597 -.09617
Degrees of Freedom (df) 1 2 1 8
Number of Ind Vats (K) 2 2 2 2
F(K-1, df) .49582 .02136 20.27036 .21039
Prob. Value of F .60943 .89721 .13914 .65866

0

Constant 1.61996 1.31528 1.30014 1.39230
Standard error .33968 .22097 .00589 .09157

Slope -. 14722 .02460 .01250 -.02496
Standard error .20908 .16833 .00278 .05442
t-ratio -.70415 .14615 4.50226 -.45869
prob t .60943 .89721 .13914 .65866

Correlation Coefficient -.57574 .10279 .97621 -. 16008

'See Section 4 for discussion of regression equations and units.

Table C-40. ANOVA for elevate tube with crews in MOPP4-S.

Sun Sq DF Mean Sq
Crew .00588 2 .06220
Error .00294 7 .00889

Mean of Dependent Variable 1.35242
Number of Observations 10
Total Sum of Squares .06808
Residual Sum of Squares .06220
Std. Dev. of Estimate .09426
R-squared .08639
Adjusted R-squareu -. 17464 0

Degrees of Freedom (df) 7
Number of nd Vars (K) 3
F(K--1, df) .33096
Prob. Value of F .72889
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ELEVATE TL''=: MOPP4 - ROTATING
(Linear regression with 68 % confidence band)

A-100 ()
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Figure C-41. Task tirnes with regression lines for elevate tube in MOPP4-R.
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Table C-41. Statistical summary' for elevate tube with crews in MOPP4-R. )AW0
Crew 1 Crew 2 Crew 3 Aggregate

Mean of Dependent Vaiable No Data 1.?5045 1.23563 1.30739
Number of Observations 10 6 16
Total Sum of Squares .13520 .02437 .20900
Residual Sumn of Squares .09122 .02316 .14873
Std. Dcv. of Estimate .10678 .07609 .10307
R-squared .32533 .04976 .28840
Adjusted R-squared .24099 -.18781 .23757
Dcgrees of Freedom (df) 8 4 14
Number of Ind Vars (K) 2 2 2
F(K- 1, df) 3.85759 .20944 5.67387
Prob. Value of F .08512 .67096 .03 195

Constant 1.21260 1.26196 1.19632
Standard error .07788 .06539 .05328

Slope .03648 -.01155 .03453
Standard error .01857 .02523 .01449
t-ratio 1.96407 -.45765 2.38 199
prob t .085 12 .67096 .03 195

Correlation Coefficient .57037 -.22306 .53703

'Sec Section 4 for discussion of regression equations and units.

Table C-42. ANOVA for elevate tube with crews in MOPP4-R.

Sum Sq DF Mean Sq
Crew .04944 1 .15957
Error .(4944 14 .01140

Mean of Dependent Variable 1,.30739
Number of Observations 16
Total Sum of Squares .20900
Residual Sum of Squares .15957
Std. Dev. of Estimate .10676
R-squared .2365 3
Adjusted R-squared .18200
Degrees of Freedom (df) 14
Number of Ind Vars (K) 2
F(K-l1, df) 4.33742
Prob. Value of F .05610
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BEGIN FIRST LOAD: BATTLE DRESS UNIFORM AE

(Linear regression with 68 % confidence band)v

oCREW 1 log(task time) =1.57223.- 0.02517 *time
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Table C-43. Statistical summary' for begin firs* load with crews in BDU.

LCrew I Crew 2 Crew 3 Aggregate

Mean of Dependent 'Variable 1.50904 1.39373 1.39756 1.43640
Number of Observations 14 12 13 390
Total Sum of Squares .04656 .04057 .0J2998 .23243 )
Residual Sum of Squares .03263 .035 19 .029 17 .2232 1
Std. Dev. of Estimate .05215 .05,932 .05 149 .07767
R-squared .29915 .13255 .02709 .03968
Adjusted R-squared .24074 .04580 -.06136 .013 730
Degrees of Freedom (df) 12 10 11 37
Number of Ind Vars (K) 2 2 2 2
F(K- 1, df) 5.12198 1.52798 .30628 1.52888
Prob. Value of F .04296 .24466 .59104 .2.2407

Constant 1.57223 1.45381 1.38184 1.46630
Standard error .03121 .05 153 .03180 .02719

Slope -.02517 -.02198 .00599 -.00325
Standard error .01112 .01778 .01083 .00263
t-ratio -2.263 18 -1.23611 .55343 -1.23648
prob t .04296 .24466 .59 104 .22407

Correlation Coefficient -.54694 -.36407 .164A59 -. 19920

'See Section 4 for discussion of regression equations and units. 0

Table C-44, ANOVA for begin first load with crews in BDLJ.

Sumz Sq I)F Mean Sq
Crew .11532 2 .11711
Error .05766 36 .00325

Mean of Dependent Variable 1.436401
Number of Observations 39
Total Sum of Squares .23243
Residual Sum of' Squares .11711
Std. Dev, of Estirn;'te .05704
R-squarcd .49615
Adjusted R-squared .468 16
D~egrees of Freedom odf) 36
Number of Ind Vars (K() 3
F(K-1. df) 17.72483
Prob. Value of 1: .00000
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BEGIN FIRST LOAD: MOPP4 -STANDARD
(Linear regression with 68 % confidence band)

-CREW I log(task time) =1.83518 -0.18818* time
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Table C-45. Statistical summary' for begin first load with crews in MOPP4-S.

Crew I Crew 2 Crew 3 Aggregate
Mean of Dependent Variable 1.51279 1.71386 1.67945 1.63307 0
Number of Observations 5 4 6 15
Total Sum of Squares .02371 .02629 .09806 .25941
Residual Sum of Squares .00372 .01358 .09513 .25675
Std. Dev. of Estimate .03520 .08239 .15421 .14053
R-squared .84327 .48355 .02989 .01026
Adjusted R-squared .79103 .22532 -.21264 -.06587
Degrees of Freedom (df) 3 2 4 13
Number of Ind Vars (K) 2 2 2 2
F(K-1, df) 16.14177 1.87257 .12322 .13478
Prob. Value of F .02769 .30462 .74327 .71943

Constant 1.83518 1.53204 1.63429 1.60644
Standard error .08177 .13910 .14323 .08112

Slope -. 18818 .14576 A., .859 .01420SStandard error .04684 .10652 .05295 .03868 0

t-ratio -4.01768 1.36842 .35103 .36713
prob t .02769 .30462 .74327 .71943

Correlation Coefficient -.91830 .69538 .17287 .10130

'See Section 4 for discussion of regression equations and units.

Table C-46. ANOVA for begin first load with crews in MOPP4-S.

Sum Sq DF Mean Sq
Crew .11135 2 .14806
Error .05568 12 .01234

Mean of Dependent Variable 1.63307 •
Number of Observations 15
Total Sum of Squares .25941
"Residual Sum of Squares .14806
Std. Dev. of Estimate .11108
R-squared .42925
Adjusted R-sciuared .33412
Degrees of Freedom (dO) 12
Number of Ind Vars (K) 3
F(K-1. df) 4.51243
Prob. Value of F .03457
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BEGIN FIRST LOAD: MOPP4 - ROTATING
(Linear regression with 68 % confidence band)
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Figure C-47. Task times with regression lines for begin'first load in MOPP4-R.
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Table C-47. Statistical summary' for begin first load with crews in MOPP4-R.

Crew I Crew 2 Crew 3 Aggregate
Mean of Dependent Variable No Data 1.58779 1.55855 1.57902
Number of Observations 14 6 20
Total Sum of Squares .13727 .07368 .21454 Jr)
Residual Sum of Squares .13563 .07297 .21211
Std. Dev. of Estimate .10631 .13506 .10855
R-squared .01196 .00968 .01131
Adjusted R-squared -.07038 -.23790 -.04361 "
Degrees of Freedom (df) 12 4 10,
Number of Ind Vars (K) 2 2 2
F(K-1, df) .14527 .03909 .20598
Prob. Value of F .70976 .85292 .65536

Constant 1.56550 1.57871 1.55911
Standard eror .06504 .11592 .05013

Slope .00559 -.00886 .00573
Standard error .01466 .04481 .01262 0
t-ratio .38114 -. 19771 .45385
prob t .70976 .85292 .65536

Correlation Coefficient . )937 -.09837 .10637
* 0

'See Section 4 for discussion of regression equations and units.

Table C-48. ANOVA for begin first k d with rrews in MOPP4-R.
O

Sum Sq DF Mean Sq
Crew .00359 1 .21095
Error .60359 18 .01172

Mean of Dependent Variable 1.57902?
Number of Observations 20(
Total Sum of Squares .21454
Residual Sum ol Squares .21095
Std. Dcv. of Estimate .10826
R-squared .01674
Adjusted R-squared -.03788
Degrees of Freedon, (df) 18
Number of Ind Vars (K) 2
F(K- 1. df) .30648
Prob. Value of F .58666
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LOAD PROJECTILE: BATTLE DRESS UNIFOb .,M
(Linear regression with 68 % confidence band)

4
3 CREW 1

2

U) 10 7-
SE (No Data)
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Figure C-49. Task .i .es with regression lines for load projectile in BDU.
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2:': fable C-49. Statistical summary' for load projectile with crews in BDU.

MaoD"ietail Crew 1 Crew 2 Crew 3 Aggregate
SMean of Dependent Variable No Data .52419 .33315 .42957
Numrber of Observations 54 53 107
Total Sum of Squares .47078 .23809 1.68493
Residual Sum of Squars .44452 .23702 1.66664

,. Std. Dev. of EAtirm,',. .09246 .06817 .12599
R-squared .05578 .00448 .01085
Adjusted R-squared .03762 -.01504 .00143
D. grees of Freedom (df', 52 51 105
Number of hid Vats (K) 2 2 2
F(K-I, df) 3.07168 .22953 1.15170
P,.,b. Value of F .08556 .63392 .28565

Constant .58690 .34193 .45G80
Standard error .03793 .02055 .02323

Slo)pe -.02199 -.00330 -.00044
Standard en'or .01254 .00688 .00041 =_
t-rat!6o -1.75262 -.47910 -1.07317 ---.

prmti t .08556 .63392 .28565

Co-'relation Coefqcienit -.2-'161"' -.06694 -. 10416 I

bSee Section 4 for dicussion 63.: regression equations and units.

"l'able C-50. ANOVA for load projecti~e with crews in BDU.

Sum Sq DF Mean Sq.64
Crew .97605 1 .70887
Error .97605 105 .00675ri

a.s'x of Dependen Variable .42957929?Number cl' Observations 101

Total Sum of Squares 1.68493
Residual Sum of Squares .70887
Std. Dev. of Estimate .08217
R-suixared .57929

Adjusted R-squared .57528
Degr -.s of Freedom (df) 105
Number of Ind Vars (K) 2
F(K-I, df) 144.57560
Prob. Value of F .00000
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LOAD PROJECTILE: MOPP4 - STANDARD
(Linear regression with 68 % confidence band)
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Figure C-5 1. Task times with reF-.ssion lines for load projectile in MOPP4-S. S
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Table C-51. Statistical sumnmary' for load projectile with crews in MOPP4-S.

Crew 1 Crew 2 C-ew 3 Aggregate
Mean of Dependent Variable No Data .59687 .52624 .55449
Num'ber of Observations 16 24 40
Total Sum of Squares .09087 .33831 .47707 4
Residual Sum of Squares .04833 .2028 1 A45404
Std. Dev. of Estimate .05876 .0960 1 .10931
R-squared .46808 .40053 .04827
Adjusted R-squared .43009 .37329 .023230
Degrees of Freedom (df) 14 22 38
Number of Ind Vars (K) 2 2 2
F(K- i, df) 12.31993 14.69930 1.92735
Prob. Value of F .00347 .00090 .173 13

I0

Constant .77234 .37960 .5 1457
Standard error .05210 .04298 .03355

Slope -.15030 .06136 .02100

Standard error .04282 .01600 .01513

t-ratio -3.50998 3.83397 1.388291

prob t 00'X17 .C~ .17313

Correlation Coefficient -.68417 .63288 .2197 1

'See Section 4 for discussion of regression equations and units.

Table C-52. ANOVA for load projectile with crews in MOPP4-S.

Sum Sq DF Mean Sq
Crew .04788 1 .42918
Error .04788 38 .01 129

Mean of Dependent Variable .55449
Number of Observations 40
Total Sum of Squares .47707
Residual Sum of Squares .42918
Std. Dev, of Estimate .10627
R-sq uared .10037
Adjusted R-squared .07670
Degrees of Freedom (df) 38
Number of Ind Vars (K) 2
F(K-l,. df) 4.23975
Prob. Value of F .04639
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LOAD PROJECTILE: MOPP4 - ROTATING
(Linear regression with 68 % confidence band)
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,.• Figure C-53. Task tirnes with regression lines for load projectile in MOPP4-R.
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Table C-53. Statistical summary' for load projectile with crews in MOPP4-R.

Crew I Crew 2 Crew 3 Aggregate
Mean of Depenent Variable No Data .62397 .61492 .62080 0
Number of Observations 52 28 80
Total Sum of Squares .32201 .61394 .93744 4
Residual Sum of Squares .32189 .51577 .91709
Std. Dev. of Estimate .08024 .14085 .10843
R-squared .00039 .15990 .02172
Adjusted R-squared -.01961 .12759 .00917
Degrees of Freedom (df) 50 26 78
Number cf Ind Vars (K) 2 2 2
F(K-I, df) .0193.1 4.94873 1.73140
Prob. Vahle of F .88995 .03500 .19209

Constant .62099 .51561 .59454
Standard error .02417 .05198 .02335

Slope .00077 .04760 .00808
Standard eif or .00554 .02 140 .00614 0
t- ratio .13907 2.22457 1.31583
prob t .88995 .03500 .19209

Correlation Coeftcient .01966 .39988 .14736

'See Section 4 for discussion of regression equations and units.

Table C-54. ANOVA for load prejectile with crews in MOPP4-R.

Sum ",q DF Mean Sq
Crew .00149 1 .93595
Error .00149 78 .01200

Mean of Dependent Variable .62080
Number of O1: -:ivations 80
Total Suin of Sqotares .93744
Residual Sum of Squares .93595
Std. Dev. of Estimate .10954
R-squared .00159
Adjusted R--squared -.01121
Degrees of Freedom (df) 78
Number of Id Vars (K) 2
I (K-1, df) .12423
Prob. Value of F .72544
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LOAD FIRST POWDER: BATTLE DRESS UNIFORM
(Linear regression with 68 % confidence band)
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Figure C-55. Task times with regression lines ior load first powder in BDU.
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Table C-55. Statistical summary' for load first powder with crews in BDU. A

Crew I Crew 2 Crew 3 Aggregate
Mean ý Dependent Variable No Data .85363 .94407 .90233
Number of Observations 12 14 26
Total Sum of Squares .27164 .38164 .70612
Residual Sum of Squares .22532 .35336 .70599
Std. Dcv. of Estimate .15011 .17160 .17151
R-squared .17052 .07410 .00018
Adjusted R-squared .08757 -.00306 -.04148 0
Degrees of Freedom (df) 10 12 24
Number of Ind Vars (K) 2 2 2
F(K-1, dt) 2.05575 .96031 .00441
Prob. Value of F .18215 .34645 .94759

0

Const-nt .67671 1.03641 .89797
Standard error .13078 .10480 .07371

Slope .06453 -.03362 .00047
Standard error .04501 .03431 .00711 6
t-ratio 1.43379 -.97995 .06642
prob t .18215 .34645 .94759

Correlation Coefficient .41294 -.27221 .01356

'See Section 4 for discussion of regression equations and units.

Table C-56. ANOVA for load first powder with crews in BDU.

S ;q DF Mean Sq
Crew .0.)235 1 .65328
Error .05285 24 .02722

Mean of Dependent Variable .90233
Number of Observations 26
Total Sum of Squares .70612
Residual Sum of Squares .65328
Std. Dev. of Estimate .16498
R-squared .07484
Adjusted R-squared .03629 5
Degrees of Freedom 'df) 24
Number of Ind Vars (K) 2
F(K- 1. df) 1.94146
Prob. Value of F .17628
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LOAD FIRST POWDER: MOPP4 - STANDARD
(Linear regression with 68 % confidence band)
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SFigure C-57. Task times with regression lines for load first powder in MOPP4-ime
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Table r-57. Statistical summary' for load first powder with crews in MOPP4-S.

Crew I Crew 2 Crew 3 Aggregate
Mean of Dependent Variable No Data .88506 .96112 .93577

' Number of Observations 3 6 9
Total Sum of Squares .00177 .01155 .02488
Residual Sum of Squares .00131 .01000 .01748
Std. Dev. of Estimate .03623 .05000 .04997
R-squared .25731 .13367 .29759
Adjusted R-squared -.48539 -.08292 .19725
Degrees of Freedom (df) 1 4 7

7 Number of Ind Vars (K) 2 2 2
F(K-1. df) .34645 .61717 2.96575

Prob. Value of F .66132 .47603 .12872

Constant .83580 .92816 .88141
Standard error .08627 .04665 .03569

Slope .03509 .01348 .02591
Standard error .05962 .01716 .01505 -
t-ratio .58860 .78560 1.72214
prob t .66132 .47603 .12872

Correlation Coefficient .50725 .36561 .54552
* 0

'See Section 4 for discussion of regression equations and units.

Table C-58. ANOVA for load first powder with crews in MOPP4-S.
0

Sum Sq DF Mean Sq
Crew .01157 1 .01331
Error .01157 7 .G0190

Mean of Dependent Variable .93577
Number of Observations 9

Total Sum of Squares .02488
Residual Sum of Squares .01331
Std. Dev. of Estimate .04361
R-squared .46A98

L I Adjusted R-squared .38855
Degrees of Freedom (d.f) 7
Number of Ind Vars (K) 2
F(K- 1, df) 6.08364
Prob. Value of F .04305

C-89
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LOAD FIRST POWDER: MOPP4 - ROTATING
(Linear regression with 68 % confidence band)

CREW 1
100

2 (No Data)

S.. 10

4

3

2
0 1 2 3 4 5 6

Time in MOPP4, h

CREW 2 log(task time) = 0.00624 + 0.05717 * time

d 3
E 6__ __ __ _

2 .. .J . ... .... .

0- .------ -- 0
1 0 K _- _ . .. O0--

S3 -3

0 1 2 3 4 5 6

Time in MOPP4, h

CREW 3 log(task time) = 0.74581 + 0.09833 * time

200- -- -

0 1 2 3 4 5

Time in MOPP4, h

Figure C-59. Task times with regression lines for load first powder in M( PP4 R.
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Table C-59. Statistical summary' for load first powder with crews in MOPP4-R.

Crew I Crew 2 Crew 3 Aggregate
Mean of Dependent Variable No rhata 1.13501 .95507 1.07503
Number of Observations 14 7 21 0
Total Sum of Squares .62359 .25133 1.02602
Residual Sum of Squares .45176 .15322 .63287
Std. Dev. of Estimate .19403 .17505 .18251
R-squared .27554 .39037 .38318
AýJusted R-squared .21517 .26844 .35071 0
Degrees of Freedom (df 12 5 19
Number of Ind Vars (K) 2 2 2
F(K-1. df) 4.56414 3.20170 11.80308
Prob, Value of F .05394 .13358 .00277

Constant .90624 .74581 .83694
Standard error .11898 .13437 .07993e"4i"

Slope .05717 .09833 .07050
Standard error .02676 .05496 .02052
t-ratio 2.13639 1.78933 3.43556
prob t .05394 .13358 .00277

Correlation Coefficient .52492 .62480 .61901

'See Section 4 for discussion of regression equations and units.

Table C-60. ANOVA for load first powder, with crews in MOPP4-R.

Sum Sq DF Mean Sq 0

Crew .15110 1 .87492
Error .15110 19 .04605

Mean of Dependent Variable 1.07503
Number of Observations 21 0
Total Sum of Squares 1.02602
Residual Sum of Squares .87492
Std. Dev. of Estimate .21459
L-squared .14727 S
Adjusted R-squared .03

Degrees of Freedom (dW) 19
Number of Ind Vars (K) 2
F(K-I, df) 3.28127
Prob. Value of F .08591
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LOAD FIRST PROJO AND PWDR: BDU
(Linear regression with 68 % confidence band)

A CREW 1 log(task time) 0.95218 - 0.01715 * time

F 'j
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Figure C-61. Task times with regression lines for load first projo and pwdr in BDU.
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Table C-61. Statistical summary' for load first projo and pwdr with crews in BDU.

Crew I Crew 2 Crew 3 Aggregate
Mean of Dependent Variable .90897 1.03495 1.03665 .99145
Number of Observations 14 12 14 40
Total Sum of Squares .0',072 .11822 .28021 .58569
Residual Sum of Squares .03426 .10158 .26110 .57334
Std. Dev. of Estimate .05344 .10079 .14751 .12283
R-squared .15864 .14075 .06818 .02110
Adjusted R-squared .08852 .05483 -.00947 -.00466 0
Degrees of Freedom (df) 12 10 12 38
Number of Ind Vars (K) 2 2 2 2
F(K-1, df) 2.26254 1.63812 .87800 .81896
Prob, Value of F .15839 .22948 .36723 .37119

Constant .95218 .92895 1.11253 1.02565
Standard error .03208 .08778 .09007 .04249

Slope -.01715 .03868 -.02764 -.00364
Standard error .01140 .03022 .02949 .00402
t-ra~io -1.50417 1.27989 -.93702 -.90496
prob t .15839 .22948 .36723 .37119

Conrelation Coefficient -.39829 ,375'7 -.26111 -. 14525
* 0

'See Section 4 for discussion of regression equations and units.

Table C-62. ANOVA for load first projo and pwdr with crews in BDU.

Sum Sq DF Mean Sq
Crew .14654 2 .43915
Error .07327 37 .01187

Mean of Dependent Variable .99145
Number of Observations 40
Total Sum of Squares .58569
Residual Sum of Squares .43915
Std. Dev. of Estimate .10894
R-squared .25020
Adjusted R-squared .20967
Degrees of Freedom (df) 37
Number of Ind Vars (K) 3
F(K-1, df) 6.17333
Prob, Value of F .00486
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LOAD FIRST PROJO AND PWDR: MOPP4 - STANDARD
(Linear regression with 68 % conficience band)
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Figure C-63. Task timnes with regression lines for load fi;"st projo aild pwdr in MOPP4-S.

-. 3

• C-96

I _- -
10 -- - --1- - --9- - -. ____ 0 lip

o' 1 2 34 5 6-ý

Tie nMOP4
• • • .. •• . ,

Figure C- 63. _ T" s tie ihrgeso lines fo..load fk .t .rj a-d -wd in,.. MOPP S" .



0. 0

zo 0 04=

I-C

K 0
¶ LLJ

,-,_• o -o. .. .

4-1 CL

S + 0
CC) m

C-97

t+

V))

0) a) 0 0j

< 00

'II

0 ..
00C

o_j C_14

Ul)
Cl) 0

4--

C-97

is0



Table C-63. Statistical summary' for load first projo and pwdr with crews in MOPP4-S.

Crew 1 Crew 2 Crew 3 Aggregate
.1Mean of Dependent Variable 1.02060 1.09247 11.09792 1.07840

Number of Observations 3 4 6 130
Total Sum of Squares .01905 .04479 .01509 .09202
Residual Sum of Squares .00063 .01341 .00227 .06171
Std. Dev. of Estimate .02507 .08 190 .02380 .07490

,FR-squared .96702 .70051 .84976 .3 2940
Adjusted R-squared .93403 .55076 .81220 .26843ADegrees of Freedom (df) 1 2 4 11
Number ofInd Vars (K) 2 2 2 2
F(K-l1, df) 29.31776 4.67796 22.62362 5.40317
Prob. Value of F .11626 .16304 .00893 .04026

0.Constant .64295 .80484 1.00295 .98849
Standard error .07123 .13915 .022-21 .04390

I)Slope .24381 .22793 .03886 .04799
Standard error .04503 .10538 .0081.7 .02064S
1.-ratio 5.41459 2.16286 4.75643 2.32447
prob t .11626 .16304 .00893 .04026

Coirelation Coefficient .98337 .83696 .92182 .57393

'See Section 4 for discussion of regression equations and units.

Table C-64. ANOVA for load first projo and pwdr with crews in MOPP4-S.
t~l 0

Sum Sq DF Mean Sq
Crew .0302.07892

Error .00655 10 .00789

Mean of' Dependent Variable 1.07840
Number of Observations 13
Total Sum of Squares .09202
.,csidual Sum of Squares .07892
Std. Dev. of Estimate .08884A R-squared .14236
Adjusteci R-squared -.02917
Degrees of Freedom (df) 10.21Number of Ind Vars (K) 3
F(K-l1, df) .82992
Prob. Value of F .46402
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LOAD FIRST PROJO AND PWDR: MOPP4 - ROTATING
(Linear regression with 68 % confidence band)
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Figure C-65. Task times with regression lines for load first projo and pwdr in MOPP4-R.
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Table C-65. Statistical summary' for load first projo and pwdr with crews in MOPP4-R,
Crew ] Crew 2 Crew 3 Aggregate X

Mean of Dependent Variable No Data 1.23878 1. 14?051 1.20438
Number of Observations 13 7 20

Total Sum of Squares .25571 .18770 .48734
Residual Sum of Squares .19873 .12242 .34138
Std. Dev. of Estimate .13441 .15647 .13772
R-squared .22280 .34782 .29951
Adjusted R-squared .15215 .21738 .26059 0
Degrees of Freedom (df) 11 5 18
Number of Ind Vars (K) 2 2 2
F(K-1, df) 3.15337 2.66657 7,69632
Prob. Value of F .10341 .16340 .01251

Constant 1.10706 .96990 1.05862[ Standard error .08302 .12 005 .06090

Slope .03414 .08022 .04482
Standard error .01923 .04912 .01616 0
t-ratic 1.77577 1.63296 2.77422
prob t .10341 .16340 .01251

Correlation Coefficient .47202 .58976 -54728
* 0

'See Section 4 for discussion of regression equations and units.

Table C-66. ANOVA for load first projo and pwdr with crews in MOPP4-R.

Sum Sq DF Mean Sq
Crew .04394 1 .44341
Error .04394 18 .02463

Mean of Dependent Variable 1.20438
Number of Observations 20
Total Sum of Squares .48734
Residual Sum of Squares .44341
Std. Dev. of Estimate .15695
R-squared .b9016AA,•: ..... , R-squared OYU.

Degrees of Freedom (df) 18
Number of Ind Varc (K) 2

•F(K- 1, dr) 1.78365Prob. Value of F .19834
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LOCK BREECH AND PRIME: BATTLE DRESS UNIFORM
(Linear regression with 68 % confidence band)

4 CREW 1 log(task time) = 0.53208 - 0.00857 * time3
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Figure C-67. Task times with regression lines for lock breech and prime in BDU.
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Table C-67. Statistical summary' for lock breech and prime with crews in BDU.

Crew I Crew 2 Crew 3 Aggregate

"Mean of Dependent Variable .51211 .73872 .55257 .60256 K

Number of Observations 52 54 53 159

Total Sum of Squares .34161 .80985 .54597 3.25646

Residual Sum of Squares .33517 .40154 .54332 3.10120

Std. Dev. of Estimate .08187 .08787 .10321 .14054

R-squared .01886 .50419 .00485 .04768

Adjusted R-squared -.00076 .49465 -.01466 .04161 0

Degrees of Freedom (df) 50 52 51 157

Number of Ind Vars (K) 2 2 2 2

F(K- 1, df) .96111 52.87798 .24867 7.86013

Prob. Value of F .33163 .00000 .62016 .00569

Constant .53298 .98621 .53826 .65387

Standard error .02412 .03607 .03201 .02143

Slope -.00857 -.08669 .00524 -.00105

Standard error .00874 .01192 .01051 .00038

t-ratio -.98036 -7.27172 .49867 -2.80359

prob t .33163 .00000 .62016 .00569

Correlation Coefficient -. 13733 -.71006 .06966 -.21835

'See Section 4 for discussion of regression equations and units.

Table C-68. ANOVA for lock breech and prime with crews in BDU.

Sum Sq DF Mean Sq

Crew 1.55902 2 1.69744

Error .77951 156 .01088

Mean of Dependent Variable .60256
Number of Observations 159
Total Sum of Squares 3.25646
Residual Sum of Squares 1.69744
Std. Dev. of Estimate .10431
R-squared .47875
Adjusted R-squared .47206
Degrees of Freedom (df) 156
Number of Ind Vats (K) 3
F(K-!, df) 71.63951
Prob. Value of F .00000
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LOCK BREECH, AND PRIME: MOPP4 - STAN.'I)ARD
(Linear regression with 68 % confidence band)

'CREW I log(task time) =0.77284 + 0,01582 *time
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Figure C-69. Task times with regression lines for lock breech and prime in MOPP4-S.
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"Table C-69. Statistical summary' for lock breech and prime with crews in MOPP4-S.

Crew I Crew 2 Crew 3 Aggregate
Meani cf Dependent Variable .79918 .79119 .64735 .75699
Number of Observations 20 17 13 50
Total Sum of Squares .12226 .18741 .09330 .61472
Residual Sum of Squares .12165 .12353 .08714 .60342

, Std. Dev. of Estimate .08221 .09075 .08900 .1P212

R-squared .00492 .34084 .06600 .01838
Adjusted R-squared -.05036 .29690 -.01891 -.00207

Degrees of Freedom (df) 18 15 11 48
Number of Ind Vars (K) 2 2 2 2
F(K- 1, df) .08902 7.75623 .77734 .89875
Prob. Value of F .76885 .01387 .39681 .34787

Constant .77284 .59031 .44643 .69788
Standard error .09020 .07541 .22922 .06434

Slope .01582 .16580 .12470 .03949
Standard error .05302 .05953 .14144 .04165 S
t-ratio .29836 2.78500 .88167 .94802
prob t .76885 .01387 .39681 .34787

Correlation Coefficient .07015 .58381 .25691 .13557

'See Section 4 for discussion of regression equations and units.V
Table C-70. ANOVA for lock breech and prime with crews in MOPP4-S.

S
Sum Sq DF Mean Sq

Crew .21175 2 .40296
Error .10588 47 .00857

Mean of Dependenf Variable .75699
Number of Observations 50
Total Sum of Squares .61472
Residual Sum of Squares .40296
Std. Dev. of Estimate .09259
R-squared .34447
Adjusted R-squared .31,,. 0
Degrees of Freedom (df) 47
Number of Ind Vars (K) 3
F(K-I, df) 12.34894
Prob. Value of F 00005
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LOCK BREECH AND PRIME: MOPP4 - ROTATING
(Linear regression with 68 % confidence band)
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Figure C-71. Task times with rc=,;ression lines for lock breech anti prime in MOPP4-R.
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Table C-7 1. Statistical summary' for lock breech and prime with crews in MOPP4-R.

Crew I Crew 2 Crew 3 Aggregate
Mean of Dependent Variable No Data .85146 .74975 .81713
Number of Observations 53 27 80
Total Sum of Squares .96275 .37342 1.52124 Jr
Residual Sum of Squares .89719 .32338 1.28493
Std. Dev. of Estimate .13263 .11373 .12835
R-squared .06809 .13401 .15534
Adjusted R-squared .04982 .09937 .14451 0

Degrees of Freedom (df) 51 25 78
Number of Ind Vars (K) 2 2 2
F(K-1, df) 3.72654 3.86861 14.34510
Prob. Value of F .05912 .06039 .00030

6
Constant .78155 .67780 .72706

Standard error .04054 .04263 .02778

Slope .01758 .03568 .02717
Standard error .00911 .01814 .00717 0
t-ratio 1.93043 1.96688 3.78749
prob t .05912 .06039 .00030

Correlatiou Coefficient .26095 .36607 .39413

'See Section 4 for discussion of regression equations and units.

Table C-72. ANOVA for lock breech and prime with crews in MOPP4-R.

Sum Sq DF Mean Sq
Crew .18508 1 1,33617
Error .18508 78 .01713

Mean of Dependent Variable .81713
Number of Observations 80
Total Sum of Squares 1.52124
Residual Sum of Squares 1.33617
Std. Dev. of Estimate .13088
R-sqi ared .12166
Adjusted R-squared .11040
Degrees of Freedom (df) 78
Number of Ind Vars (K) 2
F(K-l, df) 10.80413
Prob. Value of F .00152

1
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FIRE: BATTLE DRESS UNIFORM
(Linear regression with 68 % confidence band)
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Figure C-73. Task time,, with regression lines for fire in BDU. "
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F ~ Table C-73. Statistical summary' for fire with crews in BDU'.

Crew 1 Crew 2 Crew 3 Aggregate
Mean of Dependent Variable .41824 .32327 .24039 .32821
Number of Observations 52 41 51 144
Total Sum of Squares .94805 .95940 .99342 3171668
Residual Sum of Squares .85752 .94655 .99087 3.65373
Std. Dev. of Estimate .13096 .15579 .14220 .16041
R-squared .09549 .01339 .00257 .01694
Adjusted R-squared .07740 -01191 -.01779 .01002 0

Degrees of Freedom (df) 50 39 49 142
Number of Ind Vars (K) 2 2 2 2
F(K- 1, df) 5.27836 .52934 .12602 2.44665
Prob. Value of F .02581 .47123 .72412 .12000

Constant .49687 .26860 .25387 .36245 j
Standard error .03874 .07898 .04286 .02565

Slope -.03264 .01824 -.00509 -.00070
Standard error .01421 .02507 .01433 .00045 _
t-ratic. -2.29747 .727' -.35499 -1.56418
prob 1 .02581 .47123 .72412 .12000

Correlation Coefficient -.30901 .11572 -.05065 -. 13015

* J'See Section 4 for discussion of regression equations and units.

,Table C-74. ANOVA for fire with crews in BDU.

Sum Sq DF Mean Sq
Crew .81581 2 2.90087
Error .40790 141 .02057

Mean of Dependent Variable .32821

Number of Observations 144
Total Sum of Squares 3.71668
Residual Sum of Squares 2.90087
Std. Dev. of Estimate .14343
R-squared .21950

: zj Adjusted R-squared .20843
Degrees of Freedom l(df) 1 4

Number of Ind Vars (K) 3
F(K-1, df) 19.82657
Prob. Value of F .0000()
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FIRE: MOPP4- STANDARD
(Linear regression with 68 % confidence band)
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Figure C-7R5. "Task times wi)h regression lines fo0 fire in MOPP4-S.
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Table C-75. Statistical summary' for fire with crews in MOPP4-S.

Crew I Crew 2 Crew 3 Aggregate

Mean of Dependent Variable .65370 .38163 .40315 .47800

Number of Observations 19 16 24 59 p

Total Sum of Squares .30244 .15409 .67575 2.00191

Residual Sum of Squares .30057 .08727 .67575 2.00018

Std. Dev. of Estimate .13297 .07895 .17526 .18733

R-squared .00618 .43362 .00000 .00086

Adjusted R-squared -.05228 .39316 -.04545 -.01667

Degrees of Freedom (df) 17 14 22 57

Number of Ind Vats (K) 2 2 2 2

F(K-1, dr) .10578 10.71823 .00000 .04927

Prob. Value of F .74896 .00554 .99842 .82513

Constant .70040 .17514 .40329 .48825ae
Standard error .14680 .06609 .07865 .05224

Slope -.02817 .17198 -.00006 -.00559

Standard error .08662 .05253 .02918 .02517

t-ratio -.32525 3.27387 -.00200 -.22197

prob t ,74896 .00554 .99842 .82513

Correlation Coefficient -.07864 .65850 -.00043 -.02939

'See Section 4 for discussion of regression equations and units.

Table C-76. ANOVA for fire with crews in MOPP4-S.

Sum Sq DF Mean Sq

Crew .86962 2 1.13229

Error .43481 56 .02022

Mean of Dependent Variable .47800

Number of Observations 59

Total Sum of Squares 2.00191

Residual Sum of Squares 1.13229

Std. Dev. of Estimatc .14220

R-squared .43440

Adjusted R-squared A.1420

Degrees of Freedom (df) 56

Number of Ind Vars (K) 3

F(K- 1. df) 21.50462

Prob, Value of F .0o000

C-I 16

iSS 
0

-1' - - o -



S

FIRE: MOPP4 - ROTATING
(Linear regression with 68 % confidence band)
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Figure C-77. Task times with regression lines for fire in MOPP4-R.
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Table C-77. Statistical summary' for fire with crews in MOPP4-R.

Crew I Crew 2 Crew 3 Aggregate
Mean of Dependent Variable No Data .41676 .39431 .40928
Number of Observations 52 26 78
Total Sum of Squares .46063 .62761 1.09698
Residual Sum of Squares .45116 .62399 1.08640
Std. Dev. of Estimate .09499 .16124 .11956
R-,squared .02058 .00577 .00965
Adjusted R-squared .00099 -.03565 -.00339
Degrees of Freedom (df) 50 24 76
Number of Ind Vars (K) 2 2 2
F(K-1, df) 1.05044 .13937 .74018
Prob. Value of F .31034 .71219 .39231

Constant .39076 41409 .39043
Standard error .02859 .06170 .02576

Slope .00669 -.01019 .00582
Standard error .00653 .02729 .00677 S
t-ratio 1.02491 -.37332 .86034
prob t .31034 .71219 .39231

Correlation Coefficient .14345 -.07598 .09821

'See Section 4 for discussion of regression equations and units.

Table C-78. ANOVA for fire '"ith crews in MOPP4-R.

Sum Sq DF Mean Sq
Crew .00874 1 1.08825
Error .00874 76 .01432

Mean of Dependent Variable .40928
Number of Observations 78
Total Sum of Squares 1.09698
Residual Sum of Squares 1.08825
Std. Dev, of Estimate .11966
R-squared .00796
Adjusted R-squared -.00509
Degrees of Freedom (df) 76
Number of Ind Vars (K) 2
F(K-1, df) .61003
Prob. Value of F .43720

C-1 19
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OPEN BREECH: BATTLE DRESS UNIFORM
(Linear (egression with 68 % confidence band)
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S~~Figure C-79. Task times with regression lines for 6pen breech in BDU. I
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°
Table C-79. Statistical summary' for open breech with crews in BDU. 4

Crew 1 Crew 2 Crew 3 A P regaic

Mean of Dependent Variable .29424 .42785 .28863 .33160
Number of Observations 39 33 40 112
Total Sum of Squares .19080 .16287 .16699 .95464
Residual Sum of Squares .18978 .14710 .13767 .93027
Std. Dev. of Estimate .07162 .06989 .06019 .09196
R.-squared .00533 .09680 .17561 .02553 r
Adjusted R-squared -.02156 .06767 .15391 .01667 0

Degrees of Freedom (df) 37 31 38 110
Number of Ind Vars (K) 2 2 2 2
F(K-1, dr) .19814 3.32247 8.09441 2.88166
Prob. Value of F .65882 .07800 .00712 .09242

Constant .28477 .48448 .34112 .35417
Standard error .02416 .03331 .02076 .01588

Slope .00393 -.02083 -.01969 -.00049
Standard error .00883 .01143 .00692 .00029 •
t-ratio .44512 -1.82276 -2.84507 -1.69754

prob t .65882 .07800 .00712 .09242

Correlation Coefficient .07298 -.31113 -.41905 -. 15978

'See Section 4 for discussion of regression equations and units.

Table C-80. ANOVA for open breech with crews in BDU.

Sum Sq DF Mean Sq
Crew .43398 2 .52066
Error .21699 109 .00478

Mean of Dependent Variable .33160
Number of Observations 112
Total Sum of Squares .95464
Residual Sum of Squares .52066
Std. Dev. of Estimate .06911
R-squared .45460
Adjusted R-squared 44460
Dcgrees of Freedom (do) 109
Number of Ind Vars (K) 3

F(K.-1, df) 45.42738

Prob. Value of F .00000
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OPEN BREECH: MOPP4 - STANDARD
(Linear regression with 68 % confidence band)

10 ''€)

I CREW 1 log(task time)= 0.48832 - 0.06820 * time

-~ 3S1.4 1.5
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Figure C-8 1. T1ask times withi regression lines for open breech in MOPP4-S.0
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Table C-8 1. Statistical summary' for open breech with crews in MOPP4-S.

Crew I Crew 2 Crew 3 Aggregate
Mean of Dependent Variable .37657 .37469 .40285 .38632
Number of Observations 15 13 18 46
Total Sum of Squares .04690 .05099 .12876 .23476
Residual Sum of Squares .03848 .04207 .12600 .22731
Std. Dev. of Estimate .05440 .06185 .08874 .07188
R-squared .17967 .17477 .02144 .03172
Adjusted R-squared .11656 .09975 -.03971 .009710

AlDegrees of Freedom (df) 13 11 16 44
*Number of Ind Vars (K) 2 2 2 2

F(K- 1, df) 2.84719 2.32958 .35064 1.44146
Prob. Value of F .11537 .15516 .56203 .23633

Constant .48832 .28834 .379 10 .36243
Standard error .06770 .05912 .04523 .02255

Slope -.06820 .07290 .01003 .01331
4iStandard o'rror .04042 .04776 .01694 .01 10S

t-ratio -1.68736 1.52630 .59215 1.20061
prob t .11537 .15516 .56203 .23633

Correlation Coefficient -.42387 .41805 .14644 .17810

'See Section 4 for discussion of regression equations and units.

Table C-82. ANOVA for open breech with crews in MOPP4-S.

Sum Sq DF Mean Sq
Crew .00810 2 .22665
Error .00405 43 .00527

Mean of Dependlent Variable .38632
Number of Observations 46

Total Sum of Squares .23476

Residual Sum of Squares .22665
Std. Dcv. of Estimate .07260
R-squared .03452
Adjusted R-squared -.0 1038

eresof Freedonm (di) 43
Number of Ind Vars (K) 3
F(K- 1, d.) .76881
Prob. Value of F .46983
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OPEN BREECH: MOPP4 - ROTATING JAM),
(Linear regression with 68 % confidence band)
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Figure C-83. Task times with regression lines for open breech in MOPm4-R.
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Table C-83. Statistical summary' for open breech with crews in MOPP4-R.

Crew 1 Crew 2 Crew 3 Aggregate

Mean of Dependent Variable No Data .48430 .41585 .46028

Number of Observations 37 20 57

Total Sum of Squares .32451 .16004 .54539

Residual Sum of Squares .30367 .15981 .48671

Std. Dev. of Estimate .09315 .09423 .09407

R-squared .06423 .00142 .10759

Adjusted R-squared .03750 -.05406 .09137 6

Degrees of Freedom (df) 35 18 55

Number of Ind Vars (K) 2 2 2

F(K-1, df) 2.40246 .0- i58 6.63097

Prob. Value of F .13014 .87471 .01274

Constant .43599 .41033 .40756

Standard error .03473 .04041 .02397

Slope .01184 .00280 .01579

Standard error .00764 .01751 .00613

t-ratio 1.54999 .15993 2.57507

prob t .13014 .87471 .01274

Correlation Coefficient .25344 .03767 .32801

'See Section 4 for discussion of regression equations and units.

"Table C-.84. ANOVA for open breech with crews in MOPP4-R.

Sum Sq DF Mean Sq

Crew .06084 1 .48455

Error .06084 55 .00881

Mean of Dependent Variable .46028
Number of Observations 57 0

Total Sum of Squares .54539
Residual Sum of Squares .48455
Std. Dcv. of Estimate .09386
R-squared .11155

Degrees of Freedom (df) 55
Number of Ind Vars (K) 2

F(K- 1, df) 6.90591
Prob. Value of F .01111
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SWAB CHAMBER: BATTLE DRESS UNIFORM Ask,;
(Linear regression with 68 % confidence band) q
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Figure C-85, Task tines with regression lines for swab chamber in BDU.
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4rL Table C-85. Statistical summary' for swab chamber with crews in BDU.

Crew., I Crew 2 Crew 3 Aggregate
Mean of Dependent Variable .67123 .71553 .713 15 .69986
Number of Observations 39 3 38 116

-Total Sum of Squares .15082 .24415 .10394 .54717
I:Residual Sum of Squares .14603 .24097 .10123 .54716

Std. Dev. of Estimate .06282 .08070 .05303 .06928
R-squared .03180 .01301 .02604 .00001

1JAdjusted P-squared .00564 -.01367 -.00102 -.00876LDegrees of Freedom (df) 37 37 36 114
Numnberef Ind Vars (K) 2 2 2 2
F(K-1. df) 1.21541 .4876i .96239 .00150rProb. Value of F .27738 .48936 .33313 .96921

Constant .65066 .74259 .72918 .70026
Standard error -02120 .04085 .01846 .01215[SlopeX .00853 -.00921 -.00620 -.00001
Standard error .00774 .01318 .00632 .00022 0
t-ratio 1-10246 -.69829 -.98102 -,03869

prob t .27738 .48936 .333 13 .96921

Correlation Coefficient .17834 -.11405 -.16136 -.00362

'Ste Section 4 for discussion of regression equationF units.

Table C-86. ANOVA for swab cliamber with crews in BDU.

Sum Sq DF Mean Sq
Crew .04826 2 .49891
Error .02413 113 .00442

Mean of Dependent Variable .69986
Number of Observations 116
Total Sum of Squares .547 17
Residual Sumn of Squares .49891

Std Dev. of Esuimate .06645
L4R-squared .08820
rAdjUsted K-squared .07206
kDegrees of Freedom (df) 113

Number of Ind Vars (K) 3
F(K-l1, df) 5.46504
Prob. Value of F 00543

K C-13!

wi

........0



SWAB CHAMBER: MOPP4 - STANDARD At

(Linear regression with 68 % confidence band)j ,,. .- . . .. . . ... . ".. .I
' CREW 1 log(task time) =0.71614 + 0.05095 * time )
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Figure C-87. Task times with regression lines for swab chamber in MOPP4-S.
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Table C-87. Statistical summary' for swab chamber with crews in MOPP4-S.

MCrew I Crew 2 Crew 3 Aggregate (0)

Mean of Dependent Variable .79976 .80175 .88701 .83446 0

Number of Observations 15 13 18 46 4,
Total Sum of Squares .12854 .02650 .08861 .32533
Residual Sum of Squares .12384 .02370 .05212 .22593
Std. Dev. of Estimate .09760 .04642 .05708 .07166
R-squared .03660 .10557 .41179 .30553
Adjusted R-squared -.03751 .02426 .37503 .28975
Degrees of Freedom (df) 13 11 16 44
Number of Ind Vars (K) 2 2 2 2
F(K-1, df) .49388 1.29835 11.20122 19.35782
Prob. Value of F .49459 .27872 .00409 .00007 0

Constant .71614 .75328 .80058 .74706
Standard error .12162 .04444 .02912 .02250

Slope .05095 .04084 .03645 .04860
Standard error .07250 .03584 .0 1089 .01105
t-ratio .70277 1.13945 3.34682 4.39975
prob t .49459 .27872 .00409 .00007

Correlation Coefficient .19131 .32492 .64171 .55275 * *
'See Section 4 for discussion of regression equations and units.

Table C-88. ANOVA for swab chamber with crews in MOPP4-S.

Sum Sq DF Mean Sq
Crew .08168 2 .24365
Error .04084 43 .00567

Mean of Dependent Variable .83446
Number of Observations 46
Total Sum of Squares .32533

SResidual Sum of Squares .24365
Std. Dev. of Estimate .07528
R-squared .25106 0

4 Adjusted R-squared .21622
Degrees of Freedom (df) 43

Number of Ind Vars (K) 3
F(K- 1, df) 7.20717
Prob. Value of F .00200
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SWAB CHAMBER: M3PP4 -ROTATING
(Linear regression with 68 % confidence band)
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Figure C-89. Task times with regression lines for swab chamber in MOPP4-,R. 6

C-135



00

aD 0

OR I

cc))

Cj.0 +~c- 
.

r. 0 ~

CD-
4-J 0\

00 c

I.E

II 0

C -f)

ol t' 0oc) l

C- 136

-lll0 10 0 0 S



Tabler C-89, Statistical summnary1 for swab chamber with crews in MOPP4-R.

Crew 1 Crew 2 Cre~w J1 Aggregate
Mean of Dependent Variable No Data .87553 .79166 .84710I Number of Observations 39 20 59
Total Sum of Squares .24923 .19465 .93687
Residual Sum of Squares .2 1637 .18200 .42857
Sid. Dev. of Estimate .07647 .10055 .08671
R-squared .13184 .06499 .20173
Adjusted R-squard .10837 .01304 .187730

TiDegrees of Freedom (df) 37 18 57
Number of Ind Vats (K) 2 2 2
F(K-1, df) 5.61872 1.25105 14.40443
Prob. Value of F .02309 .27806 .00036

Constant .81841 .75045 .77720
Standard error .02703 .04317 .02 160

Slope .01440 .02089 .02124
Standard error .00607 .01868 .00560 S
t-ratio 2.37038 1.11850 3.79532
prob t .02309 .27806 .00036

Correiatic n Coefficient .36309 .25492 .44914

* 'See Section 4 for discussion of regression equations and units.

Table C-*90. ANOVA for swab chamber with crews in MOPP4-R.

Sum Sq DF Meant Sq
Crew .09299 1 .44388

Error .09299 57 .007 79

Mean of Dependent Variable .847 10
Number of Observations 59
Tota] Sum of Squares .53687
Residual Suin of Squares .44388
Std. Dev. of Estimate .08825
R-squared .17321
Adjusted R-squared .15871
Degrees of Freedom (df) 57
Number of Ind Vars (K) 2
F(K- 1, df) 11.94156
Prob. Valuc of F .00104
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CHECK SIGHT: BATTLE DRESS UNIFORM
(Linear regression with 68 % confidence band)
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Figurc C-91, Task times with regression lines for check sight in BDU.
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Table C-91. Statistical summay.' for check sight with crews in BDU.

Crew 1 Crew 2 Crew 3 Aggregate
Mean of Dependent Variable .81237 .56223 .75425 .73909
Number of Observations 14 7 14 35
Total Sum of Squaies .25118 .12583 .50433 1.17870
Residual Sum of Squares .24038 .08229 .30697 1.14053
Std. Dev. of Estimate .14153 .12829 .15994 .18591
R-sqý;ared .04302 .34598 .39133 .03238
Adjusted R-squared -.03673 .21517 .340W0 .00306
Degrees of Freedom (df) 12 5 12 33
Number of Ind V.L, (K) 2 2 2 2
F(K-1. df) .53942 2.64498 7.71499 1.10445
Prob. Value of F .47678 .16481 .01673 .30093

0

Constant .75671 .31705 .99753 .80549
Standard error .08469 .15836 .09746 .07056

Slope .02217 .07964 -.08882 -.00666
Standard error .03018 .04897 .03198 .00634

t-ratio .73445 1.62634 -2.77759 -1.05093
prob t .47678 .16481 .01673 .30093

COITelation Coefficient .20741 .58820 -..62556 -. 17996 * ,

'See Section 4 for discus5ion of regression equations and units.

Table C-92. ANOVA foir check sight with crews in BDU.

Sum Sq DF Mears Sq
Crew .29736 2 .88134
Error .14868 32 .02754

Mean of Dependent Variable .73909
Number of Observations 35
Total Sum of Squares 1.17870
Residual Sum of Squares .88134
Std. Dev. of Estimate .16596
R-squared .25228
Adjusted R-squared .20554

Degrees of Freedom (df) 32
Number of Ind Var:. (K) 3
F(K- 1, do) 5,39826
Prob. Value of F .00955

C
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CHECK SIGHT: MOPP4 - STANDARD
I (Linear regression with 68 % confidence band)

4 CREW I log(task time) 1.09435 - 0.15875 *time

E

F- 2

!CREW 2 log(task time) 0.90034 +0.130r? time

r ,

0 1 2 3 4 5 6

Time in MOPP4, h

[ CREWS I og(task firma) = 1.23069 - 0.10005' timo I1 ]1 ".2 IZ . . . . . ...- * 0 .. . . . . -• . . . -- . .. . I . . . . . .'- --

0 61

[Time in MOPP4, h

"Figure C-93 Task tines with regression lines for check sight ii- MOPP4-S.
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Table C-93. Statistical sunn-nary' for check ,ht with crews in MOPP. ';

Crew i Crew 2 Crew 3 AggregateMean of Dependent Variable .85579 1.06344 .98564 .9796i
Number of Observations 3 4 6 13
Total Sum of Squares .05325 .04565 .19137 .36460
Residual Sum of Squares .04757 .03542 .10509 .30762
Sid. Dev. of Estimate .21809 .13308 .16209 .16723
R-squared ,10684 .22408 .45085 .,5628
Adjusted R-squared -.78633 -. 16389 .31357 .07958
Degrees of Freedom (dr) 1 2 4 11
Number of Ind Vars (K) 2 2 2 2
F(K-l. df) .i1961 .57757 3.284013 2,03754
Prob, Value of F .78802 .52663 .14418 .18122

Constant 1.09435 .90034 1.23069 .1.10158
Standard error .70117 .22469 .15055 .09722

Slope -. 15875 ,13077 -. !00,85 -.06585
Standard error .45902 .17206 .05565 .(461:3
t-ratio -.34585 .75998 -1.81219 -142743
pzob t .78802 .52663 .14419 ,13122

Correlation Coefficiem -. 32686 .47337 -.167146 .39533

'Sec Section 4 for discussion of regression equationxs and units,

'Table C-94. ANOVA for check sight with crews in MOP- S.

Sum Sq DF Veal Sq
Crew .07432 2 .29027
EDror .03716 10 ,02903

Mean of )ependent Variable .9 N91W
Number of Ohservations 13
Total Sum of Squares .34460
Residual Sum of Squares .2902,"
Std, Dev. of Estimate .17037
R -sqozared .20385
Adjusted R-squared .(A462
Degrees of Hreedonm (dt) 10
Number of Ind Vats (K) 3
F(K-1, dfl) 1.28024
Prob. Value of F .31987

C- 14 ?
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CHECK SIGHT: MOPP4 ROTATING
(Linear regression with 6C % confidence band)

W
[i C RE•W1 ]1

E (No Data)

Q 1 2 3 4 5 6 0
"Time in MOPP4, h

CREW__ 2 Iog(task time) =0.78102 -0 L14105 time

10 -. . ..... . ..

. . ..... .......

0 2 3 4 5 6

Time in MOPP4, h

CREW 3 log(task time) = 0.98136 + 001 693 i timeV - 3

I...... 
.

0 1 2 3 4 5 6

Time in MOPP4, h

Figure C-95. Task times with regression lines for check sght in MOPP4-R.
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Tabl( C-95. Statistical summary' for chec k right with crews in MOPP4-R.

Crew I Crew 2 Crewv 3 Aggregate
Mean of Dependent Variable No Data .60965 L.02137 .78978
Number of Observations 9 7 16

0 Total Sum of Squares .33746 .05594 1.06086 4.
,O Residual Sum of Squares .27898 .05229 .72146

Std. Dev. of Estinate .19963 .10227 .22701
R-squared .17332 .06521 .31993
Adjusted R-squared .05522 -.12175 .27135 0
Degrees of Freedom (df) 7 5 14
Number of Ind Vaes (K) 2 2 2
F(K-1, df, 1.46758 .34879 6.58615
Prob. Value of F .26503 .58048 .02240

Constant .78102 .98136 1.03270
Standard error .15633 .07799 .11037

Slope -.04105 .01893 -.07421
Standard error .03388 .03205 .02892 0
t-rauio -1.21144 .5%059 -2.56635
prob t .26503 .58048 .02241)

Correlation Coefficient -.41631 .25536 -.56562
* ,

'See Section 4 for discussion of regression equations and units.

Table C-96. ANOVA for check sight with crews in MOPP4-R.
0

Sum Sq DF Mean Sq
Crew .66746 1 .39340
Error .66746 14 .02810

Mean of Dependent Variable .78978
Number of Observations 16
Total Sum of Squares 1.06086
Residual Sum of Squares .39340
Std. Dev. of Estimate .16763
R-squared .62917Adjusted R. squared .602683

Dees of Freedom (df) 14
Number of Ind V ars (K) 2
F(,,- 1, dt) 23.75276
Prob. Value of F .00•025

C-146
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BEGIN RELOAD: BATTLE DRESS UNIFORM
(Linear regression with 68 % confidence band)

CREW 1 delay time 1.39498 + 0.22273 time 0

E 0,

15 --- ,--------,--- . .~----..

0.R 0 GOi
Z 

_0

0 1 2 3 4 5 6

Scenario Time, h

CREW 2 delay time 0.31141 -0.04493 * time

5
A 0

a.5

0 2 3 4 5 6

Scenario Time, h

CREW 3 delay timne =0.42973 - .00507 t ime

0 00

0 1 2 3 4 5 6

Scenaiio Timec, h.

Figure C-971. Task times with rzgiession lines for begin reload. in BD1J.
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Table C-97. Statistical summary' for begin reload with crews in BDU.

Crew I Crew 2 Crew 3 Aggregate
Mean of Dependent Variable 1.93625 .18125 .41641 .84824
Numbe.r of Observations 40 40 39 119
"Total Sum of Squares 124.08950 19.17803 42.57849 258.26430
Residual Sum of Square." 120.79240 19.09668 42.57661 257.37090
Std. Dev. of Estimate 1.78290 .70890 1.07272 1.48316
R-squared .02657 .00424 .00004 .00,346
Adjusted R-squared .00095 -.02196 -.02698 -.C,0506
L Degrees of Freedom (df) 38 38 37 117
Number of Ind Vars (K) 2 2 2 2
F(K-l, df) 1.03723 .16188 .00163 .40613
Prob. Value of F .31491 .68969 .96800 .52518

Constant 1.39498 .31141 .42973 .70707
Standard error .60161 .34238 .37175 .25991

Sic-, .22273 -.04493 -.00507 .00290
Standard error .21870 .11166 .12546 .00456 0
t-ratio 1.01845 -.40234 -.04039 .63729
prob t .3 1 491 .68969 .96800 .52518

Corr-elation1 Coefficient .16300 -.06513 -.00664 .05882
* .

'See Section 4 for discussion of regression equations and units.

Table C-98. ANOVA for begin relad with crews in BDU.

Sum Sq DF Mean Sq
Crew 72.41825 2 185.84610
Error 36.20913 116 1.60212

Me,,i of Dependenil Variable .84824.
Number of Observations 119 0
"Total Sum of Squares 25,8.26430
Residual Sum of Squares 1ý5,84610 I
Std. Dev. of Estimate 1.26575
R-1quared .28040
Adjusted R-squared .2680)-
Degrees of Freedorr (dO) 116
Number of lInd Vars (K) 3
F'(K 1, dr) 22.60074
Proib. Value of I .00CXX

C- 149
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BEGIN RELOAD: MOPP4 - STANDARD
(Linear regression with 68 % confidence band)

' CREW 1 delay time 10.60359 - 3.97056 * lime
35)

U' 25 ---

15-

5

"0 1 3 4

lime in MOPP4, h

35 CREW 2 delay time 4.99067 +1.29154* time _ ___

15~

• 50 "! 2 34 5

STimn In MOPP4, h

CREW 3 delay time 0.88,9564 + 1.36127 '. tirne

I _

15 L

i••0 1 2 3456

i~i• Time in MOPP4, h

Figure C-9. Task .nes with rgrssi.n wite, fr gin ro i OPP4-S.
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I Table C-99. Statistical summary1 for begin reload with crews in MOPP4-S.

4Crew .1 Crew 2 Crew 3 Aggregate
Mean of.Dependent Vwariable 4.08733 6.46636 4.11389 4.69295
Number of Observations 15 11 18 44
T'otal Sum of Squares 240.42960 217.96380 227.90820 732.43280
Residual Sum of Squares 211.85450 215.98550 177.02070 727.43930

St.Dev. of Estimate 4.03689 4.89882 3.32623 4.16173
R-squatrcd .H885 .00908 .22328 .00682
Adjusted R-squared .05107 -.10103 .17474 -.016830

Numbe~i of IdVr K
4F(K- 1, df) 1.75339 .08243 4.59946 .28831

Prob. Vleo 296 .85 078 .91

Constant 10.60359 4,99067 .88656 4.06297
Standard error 5.03024 5.34779 1.69682 1.33050

Slope -3.97056 1.29154 1,36127 .34710
Standard error 2.99856 4,49836 .63473 .64643
t-rat~o -1.324i6 .28711 2.14463 .53694
prob t .20826 378053 .04768 .59414

Correlation Coeffin~ien, -.344-74 .09527 .47253 .08257

'See Section 4 for discuss-ion of regression equations and units,

Tzb1c C-IOU). ANOVA for begin reload~Lwith cr'ews in MVOPP4-S.

Sum Sq DF Mean Sq
Cro~w 46.13214 2 686.30070

7rro 23.06607 41 16.73904

Meani of Delendent Variable 4.61'295
Number of'Observations 44A
Total Sum of Squares 732.43280

Residual Sum of Squaros 686.30070
Std, Dev. of Estimate 4.09 134
R-squared .06299
Adjugesotred do R-qaclL .072

Adusber fId Rsqard (K0 1783
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BEGMN RELOAD: MOPP4- ROTATING
[i (Linear rugiession with 68 % confidence band)

4 CRLW 1

0€, 25

E (N;o Date.)

5-

.5
0 1 2 3 4 5 6

Time In MOPP4, h

CREW 2 delay time 5.77040 - 0.17366 * time ---_•

0
' 25

> 15 . ... 0,-,

5. .--- -_._ 0.

........• ............. ... O R # ,,
0 1 2 3 4 5 6

Time In MOPP4, h

25 CREW 3 delay time 0.72282 + 0.85111 time

S25 ...... ...- t .............. •--

E

I • ;I7 "fh

0 1 2 3 4 5 6

MTie in MOPP4, h

Figure C-1O1. Task times with regiession lines for begin reload in MOP?4-R. o
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p [ Table C-101. Statistical summary' for begmn reload with crews in MOPP4-R.
Crew J Crew 2 Crew 3 Aggre gaie

Mean of Dependent Variable No Data 5.091 Z5 2.40150 4.19467
Number of Obsei-vations 40 20 60
Total Sum of Squares 631.18020 293.68540 1021.32900)
Residual Surm of Squares 626.25200 272169470 1003.47500)KStd. Dev. of Estimate 4.05960 3.89226 4.15948
R-squared .00781 .07 147 .01748
Adjusted R-squared -.01J830 .01989 .00054
Degrees of Freedom (df) 38 18 5
Number ofrind Vars (K) 2 2 2
F(K- 1, df) .29903 1.38555 1.03192
Prob. Value of F .58769 .25449 .31393

Constant 5.77040 .722652 3.30879
Standard error 1.39802 1.67086 1.02414

Slope -.17366 .85,11 .27J35
Stawxdard ei.Tor -31757 .72306 .26712 0

-rat]o .54684 L.17710 1.01583
prob t .58769 .2I49 .3 1393P

Correlation Coefficient -.08836 .26735 .13221

4 See Section 4 for discussi,-n ofregression equtiaons and units.

SLm Sq DF ML'ufl Sq
Crew 96.46339 1 924.86560

Err95.40139 58 1.49

Moan of Depeiidemt Variable 4.19467

R-squared .94
AdIJuStedI K-squared .07e,84
Degrees of Freedom (cif' 58
Number of Ind 'I: K) 2
F(K-i1, df) 6.04939
Prot). Value of' F .011691

00
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RELOAD POWDER: BATTLE DRESS UNIFORM
4• (Linear regression with 68 % confidence band)

4

10 .

= 
(No Data)

41

3 2I

0 1 3 4 5 f,
Scenaio Time, h

4 CRE.W 2 iog(ta-k time) 0.65798 + 0.00308 timeo

2 10 I___4

I 2 .... .

o 1 2 3 5 6

Scenario Time, h

4 CREW 3 log(task time) 0.7517,2 4 0.01915 * time

I IS

~10
I I• c •

2- ...... . ... . .. . __ L
0 2 3 4 5 6

Scenaruo Time, h

Figutw C-t03. "sk dimes with xegression lines for reload powder in BDU.
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Table C- 103. Statistical suimmary' for reload powder witkh cirews in~ tDU,

Men f epndntVaiale Crew i Crew 2 Crew 3 Aggregafte
Meno eedn aibe No Data .666-74 .700X61 .6836"

Number of Observations 40 40 80
Total Sum of Suuares 30567 .31,980 .64842
Residual Sum of Squarcs .30528 -.292G6 .64144
Std. Dev. of Estimate .08963 .08767 .09068
R-squared .00 .12 9 .08675 .01077
Adju:sted R-squared ...02500 .06272 --.0019i

Dgrees of Freedom (df) 38 35

Number of hid Vxrs (K) 2 2
F(K- 1, dt) .048912 3.60980 .94923
Pw~b. Value of F .826 j .06505 .35961,

Constant .65798 .7517,2 .69873
Staidard er-ror .W1203 .03026~ .0 1923

Slope .00308 *..0t915 -.(M031
Standard error .01392 .01008 .00034

2t-.ratic, .2211, 7 -1.89995 -~.92154

Prob t .82-614 .06505 .35961

Correlation Coefficient .03.586 -,29454 -.10378

'See Section 4 for discussiov of rcgre~ssion equations and units.

Tabie C-104. ANOVA for reload powder 'with crews in BDU.

Sumn Sq DF Merin Sq
Crew .02295 1 .62548
Error .02295 78 .00802

Mean of Dependent Variable .68367
Number of Observations 80
Total Sum of Squares .64842
Residual Sum of Squafes .62548
Std. Dev of Esfimate .08955

R-squared .03539
Adjusted R-squared .023 0 2
D~egrees of Freedom (df) '78
Numnber -of Ind Vars (K) 2
F(K-1, dl') 2.86148
Prob. Value of F .09-172

C 158
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RELOAD POW'ER: MOPP4 - STAADAfD
(Linear regression with ,W8 % confidence band)

100- ,C•REW 1•

3

2
(No Data)

c-

0 1 2 34 5 6

Time in MOPP4, h

l C IE, 2 log(task time) 0.53653 + 0.25579 * tiie

0 I 2 ___ I-

Tm i , hH _0

.7,
" --. I .. ... - -.... . -, -.

0 1 2 3 4 5 .

Time inl MOPP4, h S

100 RW3 ga tirne ) = 0.f6o22 +o .01600 * t ir e -- TI
4-I I

4' 4
I- 3 -1_ --.. . ..- 4--

o, i 34

Timne tn MOPP4, h

F~igure C- 105. Tlask" times wiih regression lines for reload po,,vder- in MOPP4..S.
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LI
A Table C-105. Statiitical su.-m,-ry' for reload powder with crews in MOPP4-S.

Crew I Crew 2 Crew 3 Aggre,,?ate

Mean of Dependent Variable No Data .73499 .90877 .84558
Number of Observaticns 8 14 22
Total Sum of Squares .01385 .02971 .19730
Residual Sum of Squarrs .01178 .02321 .10580
Std. Dev. of Estimate .04431 .04398 .07273
R-squared .14912 .21891 .46375
Adjusted R-squared .00730 .15382 .43693
Degrees of Freedom (df) 6 12 20
Number of Ind Varn (K) 2 2 2
F(K- 1, df) 1.05151 3.36321 17.29585
Prob. Vau-e oi F .34471 .09157 .00049

Constant .53653 .86922 .75695
Standard error .19417 .02456 .02636

Slupe .25579 .01600 .04777
Standard error .24944 .00872 .01149
t -ratio i.02543 1.83391 4.15883
prob t .34471 .09157 .00049

Correlation Coefficicnl .38616 .46788 .68099
*• ,, '

'See Section 4 for discussion of regi'esion equations and units.

Table C-106. ANOVA for reload powder with crews in MOPP4-S.

Sum Sq DF Mean Sq
Crew .15374 1 .04356
Error .15374 20 .002 1 8

Mean of Dependent Variablc .84558
Number of Observatious 22
Total Sum of Squares .19730
Residual Sum of Squares .04356
Std. Dcv. of' Lstina.!e .04667
R-squared .77923
Adiusted R--squinted .7681!9
Degrees of tFreetdom (drf) 20
Number of Ind Vanr:- (K) 2
F(K- 1, df) '10.59100
Prob. Value of'f .AW00

C.. 161
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RELOAD POWDER: MOPP4 - ROTATING
(Linear regression with 68 % conifidence banQx)

-CREW 1

11) (No Data)

4

0 1 2 3 4 5 6

Time in MOPP4, h

CREW 2 lo.3(task time) = 0.73972 + 0.0222f time.

0 1 2 3 4 5 6
Time in MOPP4. h

CREW 3 log(task tie) 0.70790 + 0.04541 time

I I * "

, I . .__ __J __ _ ... .. _ _. . _L__ _ _L__ ...

10 
±--- -

0 1 2 3 4 5 6Time in MOPP4, 
h

Figure C-107. Task times with regression lines for relcaa powder in MOPP4-RýC- 162
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Table C-107. Statistical sunimary' for reload powder with crews in MOPP4-R Ak

Crew J Crew 2 Crew 3 Aggregate
Mean of Dependent Variable No Data .82211 .78507 .81093 0
Number of Observations 37 16 53,1
Towtal Sum of Squares .2,4394 .08917 .34843 4)
Residnal Sum of Squares .16764 .04970 .22790
Std. Dcv. of Estimate .06921 .05958 .06685
R-squarced .31276 .44269 .34593
Adiusted R-squared .29313 .40289 .33310 0
Degrees of Freedom (di) 35 14 51
Number of Ind Vars (K) 2 2 2
F(K- 1, df) 15.92867 11.12086 26.97329
Prob. Value of F .0(X32 .00491 .00000

Constant .73972 .70790 .73810
Stuadard error .023.57 .602752 .01676

Slope .02226 .04544 .02352
Standard error .00558 .01363 00453
tratio 3.99107 33,3479 5.19358
prob t .00032 .00491 00000

Correlation Coefficient .55925 .66535 .58816

'See Section 4 for discussion of regression equations and units.

Table C-108. ANOVA -or reload powder with crews in MOPP4-R. S

Sum Sq DF Mean Sql
Crew .01532 1 .33311
Error .01532 51 .00653

Metan of Dependcnt Variable .81093
Number of Observations 53
Total Sum of Squares .34843
Residual Sum of Squares .33311
Sid. Dev. of Estimate .08082
R-squared .04398
Adjusted R-squared .02524
Degrees of Freedom (df) 51
Number of Ind Vars (K) 2
F(K- i, df) 2.34629
Prot Value of F .13176
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RELOAD PROJO AND PWDR: BDU
(Linear regression with 68 % confidence band)

3 .. ...- . . .... . -7)

2l i- - ---____

CREW I log(task time) 00,8727 - 0.0094 timer

M 7-6 I

3 f

0 1 2 3 4 5 6 S!
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CREW 2 log(task time) = 0.93012 - 0.00905 time

10 _ I_ ___ __ 0 __
E 10 . .. .
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CREW 3 •o0g9aTsk timesih ) r .8 910 - 0 r.01 496' time
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Scenario Time, hH ~Figuiir C- 109. Task times with regress;ioni lines for reload projo and pwdr in PI').
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Table C-109. Statistical summary' for reload projo and pwdr with crews in BDU.

Crew, I Crew 2 Crew 3 Aggi-egate

Mean of Denendent Variable .86456 .90441 .85919 .87606
Number of Observations 40 40 40 120

Total Surn of Squares .17413 .19653 .9750 .61698 4

Residual Sum of Squares .17334 .19314 .18057 .60598
Std. Dev. of Estimate .06754 .07129 .06893 .07166

R-squared .00457 .01727 .03568 .01782
Adjusted R-sqi'ared -.02 163 -.00859 .06 162 .00950
Degrees of Freedoma (df) 38 38 38 118

Number ofInd Vars (K) 2 2 2 2

F(K-1, dl) .17442 .66797 3.56104 2.14135

Prob. Value of F .67857 .41885 .06681 .14603

Constant .87297 .93012 .89910 .89151
Standard error .02279 .03342 .02379 .01242

Slope -.00346 -.00905 -.01496 -.00032
St*andard error .00828 .01 107 .00793 .00022

t-ratio -.41763 -.8.1730 -1.88707 -1.46334

prob t .67857 .41885 .066811 .14603

Correlation Coefficient -.06759 -.13 143 -.2927-2 .-.133.51*

'See Section 4 for discussion of regression equations and units.

Tab!,; C- I 10. ANOVA for reload projo and pwdr with crews in BDIJ.

Sum Sq DFMean Sq

Crew .04882 2 .56816
Error .02441 117 .00486

Mean of Dependent Variable .87606
Numrrber of Obrervalions 120

Total Sum of Squ;,rcs .61698

Residual Sum of Squares .568 16
Std. Dev. of Eslimate .06969
R-squared .07913
Adjusted R-squared 06339
Degrees of Fieedow (df) 117

Number of Ind Vars (K) 3

F(K-l1, df) 5.02698
Prob. VaIlue of F .00805
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RELOAD PROJO AND PWDR: MOPP4 - STANDARD
I(Linear regression with 68 % confidence band)

r REW I logtutsk 4me)0.83249 vO.D6322 *time __

7-

2-13 4HE
100

lb 0

0 12 34 56
Time in MOPP4, h0

CREW 25 Iog(task time) s .00571 0.025603 time I

10 _dpýe-- i § -I

PO I

F0 1 2 3 4 5 6
I,~Time in MQPP4, h

KFigure C-ill1. Task times withi regression lines for reload projo and pw,,d.- in IVC)PP4-S
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Table C-I 11. Statistical surunary' for reload projo andl pwdr with crews in MOPP4-S. -

Crew I Crew 2 Crew 3 Aggregaie

Mean of Dependent Variable .9339-) .9858• 1.08078 1.00250

Number of Observations 15 8 38
Total Sum of Squares .02105 .00935 02849 .22528

Residnal Sunm of Squares .01382 .00933 .01909 .15834

Std. Dev. of Estimate .03260 .03944 .03832 .06632

R-squared .34348 .00221 .33000 .29714

Adjusted R-squared .29298 -. 16408 .27846 .77•61

Degrees of Freedom (dO 13 6 13 36

Number of Ind Vars (K) 2 2 2 2

1(K-1, df) 6.80146 01332 6.40295 15.21901

Prob. Value of F .02168 .91189 .02511 .0004C)

Constant .83249 1.W0571 1.03479 .93322

Standard error .03948 .17241 .02069 .02077

r) Slope .06322 -.02560 .01903 .03970

Standard erroi .02424 .22182 .00752 .01018
t-ratio 2.60796 -.11540 2.53041 3.90115

prob t .02168 .91189 .02511 .00040

Correlation Coefficient .58607 -.04706 .57446 .54510i6@
'See Section 4 for discussion of regression equations and uniti.

T'able C-112. ANOVA for reload projo antd pwdr with crews in MOPP4-S.

Sum Sq DF Mean Sq 0

Crew .16640 2 .05889

Error .08320 35 ,00168

Mear of Dependent Variable 1.00250

Number of Observations 38

Total Stun of Squares .22528

Residual Sum of Squares .05889
Std. Dev. of EstimnaW tA 102
R-squared .73860

d .Lised 1 .72367

Degrees of Freedom (dr) 35
Number of Irid Vars (K) 3
F(K- I.. dfP) 4944798

Prob, Value of F ,0000"

C- 170I.
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RELOAD PROJO AND PWDR: MOPP4 - ROTATING AI.

(Linear regression with 68 % confidence band)

.CREW I

3

2
._E (No Data)

c-
10 ilLi

7
6-

0 1 2 3 4 5 6

Time in MOPP4, h

4 CREW 2 log(task time) = 0.98800 , 0.01202 * time

3 .... . . •

E 1. 1 l

0 1 2 3 4 5 6
Time in MOPP4, h

CREW 3 logctask lime) 0.93815 4-0.03671 lin.0-

< a 0 . . I

Is'. • _

s 1_ , i ..- H .__

0 1 2 3 4 5 6

Time in MOPP4, h

Fipuic C-I 13. Task times with regression lines for reload pr~jo and pwdr in MOPP4. R. _
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Table C- 1 3. Stat~stical summnary' for relead projo and pwdr with crews in MOPP4-R.

Crew 1 Crewv 2 Crew 3 Agg~regate?
Mean of Dependent Vanable No Data 1.03216 .99998 1.02226
Numlber of Observations 36 16 5 2
Tota.: Sumn of 3S4uares .152A0 .13.020 .27397
Residual Sumi of'Squ-i-es 13018 .08439 .2250-2
Std. Dev. of Estirrn. .06188 .07764 .067109
R-squared .14520 .23419 .171165
Adjusteýd R-squared .1 2006 .17949 .16222
Df ees of I'ý-rpxdomn (dif) 34 14 50

k7Nurnber- of Inid Vmr (K) 22 2
F(Ki- i, df) 5.77522 4.203141 10.87-509
Pr.-b. Value of F .02186 .05752 .001SO

Cosat.98800 .93815 .97617
Standard error .02107 .03564 .01679

sck~e .01202 .03671 .01505
Stadprd error .00500 .01774 .00457 6

2.40317 2-069W6 3.29774
~i~t .02186 .05752 .00180

Cr-rrelatinn Coefficient .38 105 48394 .42-267

Y.cStction 4 for discusi:on of regiession equations and units.

fabic i...l 114. ANOVA for reload proja and pmdr with crews in MOPP4-R.

Sum Sq DF Mean Sqj
Crew .01146 1 .262A"

frr.01146 50 Ot052'

Mvean of Dcper~dmjt Variable 1.02226
Numrber of Obsý.rvations 52
TIotal Sum (-.% Squares .27397
Residual Sum of Squarzs .26250
.Std. Dev. !3f Lstmialac .07246
R-,,qarc~d .04185
Adjulsted IR-sqi~are' .02268
Degrf-es of Freý.dom (df) 50

P%'unoer Of Ind Va~rs I')2

F(K-i, df) 2.18370F Prcb. V.Jiue of F .14575

P,
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LAST OPEN BREECH: BATTLE DRESS UNIFORM
(Linear regression with 68 % confidence band) 19 "

4 CREW 1 log~task time) =0.31311 +0.03509 * time 1

6 o •___- -I----.-- ,---- -----
1 4 .... . _ _-1

2!

0 I 2 3 4 5 6

Scenario Ti-me, h

SCREW 2 log(task time) = 0.65012 - 0.04654 * time
3

I, [ _ I__ _ _ _
5 _ -*, _ H
12-j

0 1 2 3 4 5 6

Scenario Time, h

CREW 3 log(task time) = 0.40989 - 0.02982 * time
.3

0 <

1L'il I ____•

0 1 2 3 4 5 6

S.enario Time, h

Figure C-1 15. Task times with rec. -"ssion lines for Ia&t open breech in BDU.
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Table C-I 15. Statistical sumniary' for last open breet•ch with crews in BDU.

Crew 1 Crew 2 Crew 3 Aggregate
Mean of Dependent Variable .40254 .50868 .32718 .39682
Number of Observations 14 8 14 36

To•M Sum of quares 838 .05805 .13819 .54851
Residual Sum of Squares .15685 .04145 .11608 .54841
Std. Dev. of Estimate .11433 .08312 .09835 .12700
R-squared .14666 .28595 .16000 .00'018
Adjusted R-squared .07555 .16694 .09000 -.02922
Degrees of Freedom (df) 12 6 i2 34
Number of ind Vars (K) 2 2 2

F(K-1, df) 2.06238 2.40275 2.28575 .00617
Prob. Value of F .17653 17210 .15645 937,B4 0
Constant .31311 .65012 .40989 .39359

Standard error .06937 .09586 .06069 .04629

Slowe .03509 -.04654 -.02982 .00033
Standard error .0244,4 .03003 .01473 .00422
t-ratio 1.43610 -1.55008 -1.51187 .07856
prob t .17653 .17210 .15645 .93784

Correlation Coefficient .38296 -.53474 -.40000 .01347

'See Section 4 for discussion of regression equations and units.

"Table C-1 16. ANOVA for last open breech with crews in BDU.

Sum Sq DF Mean Sq
Crew .16846 2 .38005
Error .08423 33 .01152

Mean of Dependent Variabie .39682
Number of Observations 36 •
Total Sum of Squares .54851
Residual Sum of Squaies .38005

Std. Dev. of Estimate .10732
R-squared .30713
Adjusted R-squared .26513
Degrees of Freedom (df) 33

Number of Ind Vars (K) 3
F(K-1. df) 7.31384
Prob. Value of F 00235

0
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LAST OPEN BREECH: MOPP4 - STANDARD Al-k

(Linear regression with 68 % confidence band)

'CREW I log(task time) 0.18227 + 0.16195 time 4"I._ E _ i __i+
_ _ _ I I___ _ ____--_

g 4 1+*i -. ~ L
0o-" _ ___ ___ --

"*I j
55

Time in MOPP4, h

Fc CREW 2 log(task time) 0.23910 + 0). 14671 *time

2 •I I

0 2 3 4 5

Time in MOPP4, h 0

4CREW 3 og(task time) 0.3335 + 0.03823

5 FCR) 3 logaktm)03338+0083tm

6 10E

0 1 2 3 4 5 6
Time in MOPP4, i•

Figure C-1 17. Task times with regressiot? lines fbr last open breeIxh iil lMOPP4..S. C
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Tabl~e C- 117. Statisti--al summuary' for L-st open brcecb with crews in MOPJP4-S.

Crew 1 Crew 2 Crew A ggregate
Mean of Dependent Viriable .46060 .4 1098 .4262 i .43361
Number of Observations 54 6 15
Total Sum of Squares .05361 .01703 .03429 .1,1295
Residual Sumn of Squ.aros .04147 .00424 .02 179 .09307
Std. Dev. of Estim-ateC .11757 .04606 .07381 .08461
R-squared .2.5427 .75081 .36447 .17603
Adjusted R-squared -0045'-' .62622 .20559 .1 1265
Degives of Freedomn (di) 2 4 13
Numnber ofInd Vars (K) 2 2 2 2
F(K- 1, df) 1.022138 6.02615 2.29401 2.77728

a Prob. Value of F .38632 .13350 .20444 .11951

Constant .191227 .23910 .33358 .36265
Staktird error .28019. .07371 .06818 .04786

I Slope .16195 .14671 .03823 .03826

kStandard error .16013i .05976 .02524 .022960
t-ratio 1.01 138 2.45482 1.5 1460 1.66652
prob t .3h632 .13350 .20444 .11951

Correlation Coufficient .50425 .86650 .60372 .41956

'Set Section 4 for discussion of regression equations and units.

Table C-1 18. A.NOVA for last open breech with crews in MOPP4-S.

Sumn ."q DF Mean Sq

Crew .00602 2 .10693
Error .00301 12.00891

MaofDependent Variab~ .336

Num~hcr of Obs,-rvations 15 0

Total Sum of Squares .11295
Residual Sum of Squares .10693
Sld. Dev. of Estimate .09440
R-sqUared .05330
Adjusted R-squared -.10448
Degrees of Freedom (df) 12
P unber of Ind Vars (K) 3
F(K-d) .337823 Prob. Valkic of F 71989

C- 17



LAST OPEN BREECH: MOPP4 - ROTATING
(Linear regression with 68 % confidence band)

CREWi I'

S10

E (No Data)A5
4
3

2

0 1 2 3 4 5 6 0

Time in MOPP4, h

CREW 2 log(task time) 0.4"128 + 0.01395 time _

21 __ _--

10-1------ __

2-- ............. ......... t j. i ... *1 , i,

0 1 2 3 4 5 6

Time in MOPP4, h

[CREW 3 IoY timo) 0.53968 -002922 time

~~~ -: -------,-- •

0 2 3 4 5 6

Time in MOPP4, h

Figure C-1 19. Task tirms with regression lines foi last apen breech in MOPP4 R, .
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4 Table C- 119. Statistical summary' for last open breech with c cws in MOPP4-R.

Crew 1 Crew 2 Crew 3 Aggregate
Mean of Dependent Variable No Data .52900 .47822 .51122
Number of Observations 13 7 20
Total Sum of Squares .07758 .08599 .17531
Residual Sum of Squares .06836 .07731 .16621
Std. Dev. of Estimate .07883 .12435 09609
R-squared .11887 .10099 .05193
Adjusted R-squared .03877 -.07881 -.00074 0
Degrees of•freedom (df) 11 5 18
Number of Lnd Vars (K) 2 2 2
F(K-1, df) 1.48396 .56167 .98591
Prob. Value of F .24864 .48733 .33390

Constant .47128 .53968 .47383
Standard error .05218 .09452 .04336

Slope .01395 -.02922 .01091
Standard error .01145 .03898 .01099
t-ratio 1.21818 -.74945 .99293
prob t .24864 .48733 .,1'39• )

Correlation Coefficient .34477 -.31779 .22788
* 0

'See Section 4 for discussion of regression equations and units.

Table C.-120. ANOVA for.last open breech with Lrews in MOPP4-R.

.,Sq DF Mean Sq n

Crew .01173 1 .16358
Error .01173 18 .00909

Mean of Dependent Var able .31122
Number of Observations 20
Total Sum of Squares .17531

Residlial Sum of Squares .16358
Std. Dcv. of Estimate .09533
R-squared .06691
Adjusted R-squarea .01507
Degrees of Freedom (df) 18
"Number of Ind Vars (K) 2
F(K- 1, df) .1.29078

Pr-b. Value of F .27080
@
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SWAB AND INSPECT: BATTLE DRESS UNIFORM
i ~ 4 (Linear regression with 68 % confidence band)

CREW1 log(tas tirme) 0,97774 + 0.02894 * time

{4 .) . . . . .1 [

2

0 1* 0,
G 10- _ _ _

4 -CREW: 2___~as tie_=_.097 +_.0_5_im25 L 1

..' 0 1 2 3 45 6
Scenario Time, h

.!• . . . . . . .. .

2 1-734

0S100

T-'iguie C:121, Task times with regrn~ssori !i~ifle' or swab and inspect in BDU.
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Table C- 121. Statistical sumkwmyr for swab and i•!peI with crews in BDU.

4 Crew i Crew 2 Crew 3 Aggregaze
Mean of Dependent Variable 1.05455 -.23579 1.08154 1.12208
Number of Observadons 13 12 12 37
Total Sum of Squares .10358 .16163 .07745 .57685
Residual Sum of Sqvares .08681 .09492 .0W483 50262
Std, Dev. of Estimate .08884 .0,9743 .08052 .11984
R -squarcd .16193 .41277 .16300 12867
Adjusted R-squared .08574 .35405 .07930 ,10377
Degrees of Freedom (df) 11 10 i0 35
Number of Ind Vats (K) 2 2
F(K.-I, di) 2.12534 7.029 0 -7 1.94748 5.16838
Prob. Value of F .17283 .02426 .19307 .02925

C.onstant .97774 1.01972 1.00702 1.03006
Standard error .05816 .08621 .05823 04502 -.

Slope .02894 .07755 .02634 .00967
Standard error .01985 .02925 .01887 .00425
t-ratio 1.45786 2.65124 1.39552 2.27341
prob t .17283 .02426 .19307 .02925

Correlation Coefficient .40240 .64247 .40374 .35870

'See Section 4 for discussion of regression equations and units.

' able C-122. AVNOVA fur swab and inspect with crews in BDU.

Sum Sq DF Mean Sq
Crew .23417 .34267
Error .11709 34 .01008

Mean of Dependent Variable 1.12208
Number of Observations 37
Total Sum of Squaret .57685
Residual Sum of Squares .34267
Sid. Dev. of Estimate .100139
R-squared .40595
Adous*tLd. R-squared Y7 101 5
Degrees of Freedom Odf) 34
Number of Ind Vats (K) 3
F(K-1, dQ 11.61724
Prob. Value of F .00014
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SWAB AND INSPECT: MOPP4 - STANDARD
(Linear regression with 68 % confidence band)

CRE.W I log(task time) 1 .06591 - 0.0'4809 * jime

( 1 0:3 I ____ i

° 1 2 3 4 5 6 I.
Time in MOPP4, h

3 CREWt 2 Iug(ta$K tirfo) 0 ,J83903 + 0.05823 * trmO

... . .. . . . ..I-

p-I .4 I

S..... .. ... -- -- J -. ...- -
SlI I

0 1 2 34 56Q .

Timer in MOPP4, h

4 CREW 3 lug(task time) 0.W104 + 0.02933 time

3

0 2 . 4

r, ....-- - I _ _

I *

0 12 3 4 5

Time in MOPP4, h F'
Figure C- 123. Task tirvic xvih regression lines +r swab and inspect in MtP4e-S
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Table C-123. Statistical summary' for swab and inspect with crews in MOPP4-S.

Crew I Crew 2 Crew 3 Aggregate
Mean of Dependent Variable 1.1 P 125 .96633 1.00099 1.04183
Number o, Observations 5 4 6 15 0
Total Sum of Squares .u 332 .00998 .02729 .14526
Residual Sum of Squares .01 07 .00796 .01963 .13964
Std. Dev. of Estimate .06849 .06309 .07005 .10364
R-squared .08149 .20208 .28074 .03869
P tjusted R-squared -.22468 -. 19688 .10093 -.03526 0
Degrees of Freedom (df) 3 2 4 13
Number of Ind Vars (K) 2 2 2
F(K-1, df) .26616 .50652 1.56128 .52316
Prob. Value of F .64153 .55047 .27960 .48231

Constant 1.06591 .88903 .92604 1.00171• S
Standard error .16821 .11310 .06645 .06159

Slope .04809 .05823 .02993 .02061
Standard error .09321 .08182 .02395 .02849
t-ratio .51591 .71170 1.24951 .72730

lpprob t .6W•53 .55047 .27960 .48231

Correlation Coefficient .28547 .44953 .52985 .19669

'See Section 4 for discussion of ;egression equations and units.

Table C-124. ANOVA for swab and inspect with crews in MOPP4-S.

Sum Sq DF Mean Sq
Crew .09267 2 .05259
Error .04633 12 .00438

Mean of Dependent Variable 1.04183
Number of Observations 15
Total Sum of Squares .14526
Residual Sum of Squares .05259
Std. Dev. of Estimate .06620
R-squared .63796
Adjusted R-squared .57762 -

Degrees of Freedom (df) 12
Number of Ind Vars (K) 3 .-
F(K- 1, dr) 10.57273
Prob. Value of 1F .00225
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SWAB AND INSPECT: MOPP4 - ROTATING
(Linear regression with 68 % confidence band)

-CREW 1
3

2 ;

U,

10
E (No Data)
U, 5

3

27

"0 1 2 3 4 5 6

Time in MOPP4, h

4 CREW 2 log(task time) = 1.08298 - 0.00744 * time

S2 --------- T

= ~i
3 o

1. ..Im . ..Jn . . .

m 0

10 0

3 0
A 2

0 1 2 3 4 5 6

Time in MOPP4, h 0

4 CREW 3 log(task time) = O.S8370 + 0.05997 time
3;

L2 __ - 0-

F-
3;

0 2 3 4 5 6

Time in MOPP4, h

Figure C-125. Task times with regression line:; for swab and inspect in MOPP4-R.
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Table C-125. Statistical summary' for swab and inspect with crews in MOPP4-R.

Crew I Crew 2 Crew 3 Aggregate
Mean of Dependent Variable No Data 1.05283 1.01398 1.03988 9
Number of Observations 14 7 21
Total Sum of Squares .31031 .08733 .40468
Residual Sum of Squares .30739 .05071 .40074
Std. Dev. of Estimate .16005 .10071 .14523
R-squared .00940 .41926 .00974 •
Adjusted R-squared -.07315 .30311 -.04238
Degrees of Freedom (df) 12 5 19
Number of Ind Vats (K) 2 2 2
F(K- 1, df) .11386 3.60973 .18690
P-ob. Value of F .74162 .11587 .67037

Constant 1.08298 .88370 1.01574
Standard error .09907 .07842 .06421

Slope -.00744 .05997 .00704
Standard error .02204 .03156 .01629 0
t-ratio -.33743 1.89993 .43232
prob t .74162 .11587 .67037

Correlation Coefficient -.09695 .64750 .09870

'Se(- Section 4 for discussion of regression equations and units.

Table C-126. ANOVA for swab and inspect with crews in MOPP4-R.

Sum Sq DF Mean Sq
Crew .00705 1 .39764
Error .00705 19 .02093

Mean of Dependent Variable 1.03988
Number of Observations 21
Total Sum of Squares .40468
Residual Sum of Squares .39764
Std. Dev. of Estimate .14467
R-squared .01741
Adjusted R-squared -.03431
Degrees of Freedom (df) I

Number of Ind Vars (K) 2
F(K- 1, df) .33665
Prob. Value of F .56858
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APPENDIX D

DISCUSSION OF TASK TIME OUTLIERS

The measured distribution of times for a given task will inevitably contain outliers, that

is, points that deviate an unreasonable amount from the mean of the distribution. If the task 0

times are normally 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 extraneous factors affecting the data may be used to S

designate outliers.

Outliers may result from obse.rver error or crew error. As many observer enrors as

possible have been eliminated from the data with redundancy and consistency checks. However,

since not all data had redundant measurements, there are likely to be undetected observer errors

present in the final data. Further elimination of such errors would require analysis of the

videotape record of the exercise. This procedure would be labor intensive, essentially requiring

a complete remeasurement of all event times to check for errors. For the present analysis, we

assume that observer errors do not make dominant contributions to the variance of task times.

We will note special cases in which observer error can be eliminated by defining outliers.

In addition, an outlier may result from a procedural error or an outright blunder by one

or more crew members. Outliers of this type are infrequent when the crew is well trained and

using well designed and maintained equipment. Although such outliers may be an important part

of crew performance analysis if the errors adversely impact crew survival, they are not of primary

importance when general performance degradation from a battlefield stressor is the central issue,

as it is in the present study of artillery crew performance.

For the present analysis, outliers are plotted in figures with separate symbols for future

reference but are not included in regression analyses or the analysis of variance.

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 v )rous to properly ceat the projectile in the chamber of the howitzer. On

these occasions, the ram was repeated at tnz command of the Chief of Section. On one occasion

with the crew in MOPP4, no one noticed an ineffective ram and the piojectile subsequently fellLr: out of the 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

D-l

.... .-- .



dat during the exercise. Although these notes are certainly not exhaustive, they frequently 0

explain obvious outliers.

Finally, and sometimes most importantly, consideration must be given to maintaining

consistency in the task time being measured. In certain instances, procedural changes caused

significant variation !n task time. The dominant cause is the loss of crew members during the _

MOPP4 exercises and the subsequent adjustment of task load among crew members. Whenever

possible, outlier limits are chosen to maintain consistency in the task time being measured for

an individual crew member. With this choice, calculated performance degradation is relevant to

individual tasks and does not reflect the higher order effects of crew interactions under stress. 0

This latter issue is important but not addressed in this report.

RELAY ORDERS.

Examination of th,- aggregate plot for the relay orders task time for all three crews in

BDU shows a minimum time of about 20 s for the oral relay of orders to the crew. With an

outlier criterion of 17 s, Crew 3 shows an outlier at 15 s on Fire Mission 17. Observer notes

indicate that the crew was "rushing to a fault", apparently having thrown caution to the winds

for the last fire mission of the day. The longer !imes for BDU tail off in the 30 to 35 s range

with no apparent outliers.

A criterion of 25 s is used to define short-time outliers for MOPP4-S to eliminate the

measured values for Fire Missions 5 and 6 for Crew 1. Observer notes indicate that a new crew * $
member moved to the RTO position after Fire Mission 4 "sounds faster". This criterion flags one
value for Crew 3 as an outlier as well. The longer times in MOPP4-S extend to the 40 to 50 s

range with no apparent outliers.

The times of about 60 s in MOPP4-R for Fire Mission 8 of Crew 2 and Fire Mission 3

of Crew 3 are potential long-time outliers. Observer comments indicate that these missions were

"ragged" and "disorganized" at the start but indicate no specific anomalies, so the values arc

retained in this analysis. A criteria of 17 s gives no short-time outliers in MOPP4-R. Neither

the aggregate plot for MOPP4-R nor the observer comments provide a basis for designating

short-time outliers. The relay orders task times for MOPP4-R have a large variance but there

"is seems to be no objective way to declare outliers.

BEGIN SET DEFLECTION.
Th, C'onner for Crews I and 2 used the electronic G.DU to obta.,i the delectio setting

since his typical start times are within a few seconds of the start of calling out orders, too soon

for the Chief of Section to have provided the data vern iy. The high value of about 20 s for the

begin set deflection task time for Fire Mission 12 of Crew 2 in BPU is probably due to observer

D-2
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error. The Gunner for Crew 3 seems to have waited for verbal deflection data, since his times ,

of 15 to 20 s for begin set deflection are near the end of the verbal orders. A criterion of 13

s is chosen to exclude the outlier for Crew 2 and much of the data for Crew 3. The times for

the late fire missions of Crew 3 are short enough that the Gunner must have begun using the 0

GDU. There are no apparent short time outliers in BDU.

Criteria of 15 s and 13 s for long time outliers is used for MOPP4-S and MOPP4-R, 4r

respectively. Most of the outliers for both MOPP4-S and MOPP4-R are due to loss of the

Assistant Gunner. Outliers result when the Gunner chooses to set the elevation before he sets 0
the deflection. Although this change of task order is an important consideration for

understanding and modeling crew operations with loss of crew members, it is a confounding

variable when the focus is on the degradation of a fixed task. The present analysis focuses on

the degradation of fixed tasks, so times resulting from changing task order are considered as

outliers. (The data would support future analysis regarding loss of crew members.) As in BDU,

there are no apparent short time outliers in MOPP4.

SET DEFLECTION. _

The set deflection task was measured from the time that the gunner reached for the small

crank on the mechanical register for the deflection setting to the time that he reached for the

large crank/wheel to accomplish the traverse. During this interval, the gunner brings the

me':hanical register to the correct integer deflection setting. Several measurements for this task * *
were quite short, one value for Crew 3 in BDU being less than 1.5 seconds. This short time is

more likely to be caused by observer error than by a remarkably swift action by the gunner. The

likely explanation is that observer inattention caused a late recording of the set deflection event.

Presumably, the observer comes to attention after recording set deflection and gets a be-tter

measurement of the task ending time (the start of the traverse tube/level bubble event). The

result is an underestimation of the task time for set deflection. By inspection of the aggregate

plot for set deflection for all crews, we choose a minimum time of 2.5 s below which measured

times are flagged as outliers due to measurement error. For BDU fire missions, there are no •

obvious candidates for long-time outliers. Most times are in the 3 to 9 s range.

Many of the set deflection task times in MOPP4 are also below 10 s, indicating that

MOPP4 is not a major impediment for this task. On the other hand, Fire Mission 6 for Crew 2

in MOPP4-S is about 30 s. According to observer comments, this fire mission came in while -

the crew was just ccrging from thc shade after completing a psychological questionnaire. The

task time may be long because of a measurement error or a procedural flaw caused by the

unusual mission start. It is considered an outlier for the present analysis.

Crew 2 in MOPP4-R completed all 17 fire missions; however, beginning with Fire •
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Mission 12, the crew operated with no Assistant Gunner because of loss of personnel. Beginning

with Fire Mission 12, the Gunner performed the tasks of bath the Gunner and Assistant Gunner

position. The same thing happened for Crew 3 in MOPP4-R for Fire Missions 8 and 9. During

these missions, some set deflection times were normal and others exceeded 20 s. Inspection of W

the timelines for these fire missions shows that the abnormally long times are caused by

variations in the order in which the Gunner performed the double set of tasks. The longer times

caused by abnormal task ordering are designated as outliers for the present analysis.

A maximum task time of 17.5 s for set deflection is used to define outliers for all

postures. In addition to the outliers discussed above, this criterion flags the measured time of

Fire Mission 1 for Crew 3 in MOPP4-S as an outlier although nothing appears in the field notes

(Appendix B) to indicate an abnormal procedure for this fire mission.

This detailed discussion regarding outliers for set deflection task times illustrates the

considerations we use to set criteria for outliers for all tasks. Similar procedures are used for the

rest of the tasks even if only an abbreviated discussion is presented.

TRAVERSE TUBE.

Analysis of the traverse tube task is complicated by two factors. First, for Crew 1,

traverse tube includes only the time for the gross azimuthal motion of the tube. This task is

referred to a traverse tube 1. For Crews 2 and 3, the measured task time also includes the fine

adjustment at the end of the traverse and any pause to wait for the gross motion of the tube

elevation to end. This task is referred to as traverse tube II. Second, in MOPP4, loss of crew

members after resupply (Fire Missions 8 and higher) uisually forced the Gunner to take on the

Assistant Gunner tasks as well as his own. In this case, the order of tasks was not always the

same.
Tnere are no apparent outliers for the traverse tube I task time (Crew 1) in BDU or

MOPP4-.S. For traverse tube II, an outlier criterion of 30 s for Crews 2 and 3 in BDU gives

one outlier for each crew. The Crew 2 data indicates that this limit should be relaxed in MOPP4-

S. A value of 38 s is used for both MOPP4-S and MOPP4-R. This value results in only one

outlier for Fire Missions I to 7, but eliminates most of the data for Missions 8 to 17 when the

Assistant Gunner was missing. A shon-time criterion of 10 s is s&t for traverse tube II in BDU

to flag the value for Fire Mission 12 of Crew 2 as an outlier. This criterion also flags Fire

I times for Fire Missions 10 and 12 as outliers for Crew 2 in MOPP4-R. These low values are

probably due to observer confusion regarding the order of tasks being done by the Gunner.

There are no short-time outliers for MOPP4-S.
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BEGLN SET ELEVATION.

The considerations for definition of task time outliers for the begin set ehevation task are

the same as those for the begin set deflection task. Examination of the BDU data for begin set

elevation shows that the Assistant Gunner for Crew 2 consistently to the elevation angle from

d.e GDU. Based on tne Crew 2 data, values of -5 s and +10 s are chosen for the lower and
upper outlier criteria in BDU. This choice eliminates much of the Crew I and Crew 3 data. The

same lower limit is used in MOPP4. The upper limit of 15 s for MOPP4 is based primarily on

the Crew 2 data in MOPP4-R. It results in complementary designation of outliers relative to the

begin set deflection task for the late fire missions when the Gunner was doing both his tasks and

those of the Assistant Gunner. The time for the task he chose to do first is retained and the

second is designated as an outlier. The retained values for both BDU and MOPP-4 correspond

to a single crew member responding to the GDU to begin setting the elevation with no other

competing task.

SET ELEVATION.

The set elevation task is similar to the set deflection task and is subject to the same

measurement error on the short side from observer inattention. Inspection of aggregate plots for

the three crews in BDU shows that the same minimum time of 2.5 s gives a good separation
between the apparent lower edge of the task time distribution and the short-time outliers. The

same criterion is used for MOPP4-S where there are no apparent short-time outliers. For • 0
MOPP4-R, the short-time criterion is increased to 3.5 s to flag the task time for Fire Mission 5

of Crew 2 as an outlier. This value is more than 2 standard deviations faster than the mean for

Crew 2 in BDU, probably due to observer error.

A maximum time of 17.5 s gives a good definition of outliers on the long side for all
postures. Set elevation times apparently include variance from the same task order differences

as set deflection during the times when the Gunner is doing the Assistant Gunner tasks in

addition to his own.

ELEVATE TUBE.

A criterion of 35 s is used to define outliers on the long side for the elevate tube task
* .time in BDU and MOPP4-S. This criterion is chosen to lirninate the measurement for Fire

Mission 8 of Crew 3 in MOPP4-.S. This mission had no Assistant Gunner and, furthermore,

observer error i. suspccted since the elevate tube task time overlaps the safely check event. The

criterion also flags the measured time for Fire Mission 7 of Crew 2 in BDU as an outlier. The

evidence for a problem with this fire mi ;sion is that the timeline indicates that the elevate tube

task delayed the safety check well after the howitzer had been primed. S
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The same criterion of 35 s is used to define long-time outliers in MOPP4-R. This value

eliminates the measurements for Fire Missions 15 and 16 for Crew 2. Crew 2 operated with no

Assistant Gunner from Fire Mission 12 onward. The measured values for Fire Missions 13, 14.

and 17 are retained for the present analysis even though there is some uncertainty whether the

observer clearly distinguished whicii task the Gunner was performing. This 35 s criterion also

V_ j flags the measurement for Fire Mission 1 as an outlier for this crew. According to observer
49 notes, the Assistant Gunner "Cwvated twi e" on this mission.

There are no apparent short-time outliers for elevate tube in BDU. A minimum time of

13 s is used to define outliers in MOPP4-S and MOPP4-R mainly to eliminate the measurement

for Fire Mission 2, Crew 3 in MOPP4-S. Examination of the timeline and the task time for set

elevate for this mission indicates that the observer was late starting the elevate tube event. The

!4,ASA't criterion flags the measured values for Fire Mission 6 of Crew 1 in NOPP4-S and Fire Mission

3 of Crew 3 in MOPP4-R as an outliers on the short side, probably due to observer error as well.

BEGIN FIRST LOAD.

A criterion of 19 s defines short-time outliers for the begin first loact task time for all

postures The two resulting outliers in BDU are attributed to procedural anomalies. There are

no short-time outliers in MOPP4. A criterion of 90 s defines long-time e'itliers for all postures.
# .The only outlier occurs for Fire Mission 3 of Crew 3 in MOPP4-R. This mission began with the

crew "bickering".

LOAD PROJECTILE.

Criteria of I s and 9 s define short- and long-time outliers, r-espectively, for the load

projectile task times for BDU and MOPP4-S. For BDU there is .me outlier, probably due to

observer error. For MOPP4-S, Crew 2 has an outlier for Fire Mission 6 that is unexplained.

Crew 3 has an outlier for Fire Mission I caused by an ineffective ram that allowed the projectile

to fall out of the breech onto the ground.

Criteria of 2.4 s and 9 s define short- and long-time outliers, respectively, for MOPP4-R.

The long-time outliers for MOPP4-R are also caused by ineffective- rams that had to be repeated.

S• The short-time criterion is increased to flag the shortest time for Fire Mission 17 of Crew 2 asj an outli.r, probably clue to observer error.

LOAD FIRST POWDER.

The load first powder task time data tends to have a large variance with the crews in

BDU and MOPP4-R. A long-time criterion of 20 s in BDU flags one outlier for Fire Mission

15 of Crew 2. Observer comments indicate "late powder" for this round. There are no apparent
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long-time outliers in MOPP4-S or MOPP4-R and, likewise, no short-time outliers for any posture.

"LOAD FIRST PROJECTILE AND POWDER.

The task time for load first projectile and powder includes the time for the load first W

powder task and so has zhe same tendency for a large variance for Crews 2 and 3. Crew I has

less variance. A long-time criterion of 20 s for BDU produces only one outlier for Crew 2. as

before. A long-time criterion of 30 s for MOPP4-S is used to flag the times for Fire Missions

5 and 7 as outliers for Crew 2. Using the same criterion for MOPP4-R flags the time for Fire

Mission 15 of Crew 2. Observer comments indicate irregularities in procedure for these fire

missions. No short-tb , outliers are evident for any posture.

LOCK BREECH AND PRIME.

Criteria of 2 s and 10 s are used to define short- and long-time outliers, respectively, for

the lock breech and prime task time for both BDU and MOPP4-S. Crews I and 3 in BDU have

one outlier each in the 15 to 20 second range. These excessively long times were caused by

failure of the Loader to recognize that the breech had not been fully locked so that, in turn, the

primer could not be latched (presumably a safety feature). The short time outlier for Crew I in

BDU is probably observer error. Crews I and 2 had no outliers for this task in MOPP4-S. Crew

3 had many. The first, during Fire Mission 4, was the result of a dropped primer. The rest of

the outliers encompass all of the rounds for Fire Missions 6. 7, and 8. After medical personnel

removed the regular Loader from the exercise, the inexperienced replacement was urwrapping

primers during this task interval rather than having them prepared in advance.

The criterion for ,ong-time outliers with crews in MOPP4-R is increased to 15 s to

accommodate the relatively slow performance of Crew 2. The one measured time that is tlagged

as an outlier on Fire Mission 7 was caused by an incorrect belief by the Loader that the primer

was not latched properly.

FIRE.
0

The criteria for short- and long-time outliers for the fire task time are 1.0 s and 5.3 s,

respectively, for crews in BDU. Times shorter than 1 s are likely due to observer error. The

data for Crew 3, however, shows that short times in the 1.0 to 1.5 s range are reasonable. The

situation for long-timc outliers is more complicated. The only long-time outlier for Crew 1

occurred when the No. I Cannoneer misplaced his lanyard after the second round of the last fire

mission. Crew 3 shows more variance in the later fire missions but no obvious basis for

declaring outliers.

Crew 2, on the other hand, shows numerous outliers in BDU with a long tail of task times
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exceeding 10 s. These outliers were 7-isfirez caused iy an inexperienced No. 1 Cannoneer with
irsufficiently vigorous pulls on t' - layard. After a misfire, the No. 1 Cannoneer usually pulled Ask.

ciaother time or two and succeeded in firing the howitzer, causing the outliers Once (Fire
NMission 8), it was necessary to call a safety check and replace the primer. The long-time outlier! ~criterion of 5.3 second% is- chosen to elimninate as many as possible of the misfires for Crew 2

without citting into the distribution of times for Crews I and 3.

After his poor performance on Monday in BDU, the No. 1 Cannoneer for Crew 2
perfected his technique and hr i no more misfires on Wednesday or Friday in MOPP4. Criteria
ojf I s and 8 s are used to define short- and long-time outliers, respectively, for both MOPP4-S
and MOPP4-R.

OPEN BREECH.

There are no apparent short-time outliers for the open breech task time for any posture. r

A criterion of 3.5 s is used to define outliers in BDU. With this criterion, there are no outliers

for Crew 3 and only 1 for Crew 1. On the other hand, Crew 2 in BDU has many outliers. These
outliers are probably due to the high misfire. rate of the Loader for the BDI missions as

I discussed for the fire task time since the breech is opened by the Loader immediately after the 6

icbwitzer is fired. There is no similar problem for the same Loader in MOPP4-S when there were
no misfires,

A criterion of 5 s is used to define long-time outliers for MOPP4-S and MOPP4-R. The
resulting outliers for Crew 2 in MOPP4-R are due to start up problems with a new loader rotated •

into the position on Fire Mission 6.

SWAB CHAMBER.
Criteria of 3.5 s and 9 s define short- and long-time outliers, respectively, for the swab

chamber task time in BDU. The only short-time outlier is on the last fire mission of Crew 3,
a mission that was rushed excessively by the crew. The long-time outlier for Crew 1

corresponded to a major delay in bringing the next projectile to the breech. That for Crew 2 is
S

probably an observer error since the end of the task is later than the load event.
For MOPP4 data, the short-time criterion is raised to 4 s to pick up a single outlier for

Crew 2 in MOPP4-R, probably a result of observer error. The long-time criterion is increased

to 15 s; there are no apparent long-time outliers in MOPP4.

CHECK SIGHT.
The aggregate plot for the check sight task for all crews in BDU shows an apparent

I minimum of about 2.5 s to perform the task. A criterion of 2 s is taken to define outliers on the

D-8

F' i..



JS

short side for all postures. There are no obvious outliers on the long side with crews in either
BDU or MOPP4. As discussed in Section 3.3, the check sight task was ill-defined from the A
vantage point of the observer. We analyze only the average task time per round for each fire

mission and have little confidence in the significance of even this result.

BEGIN RELOAD.
There are no apparent short-time outliers for the begin reload task time for either BDU

or MOPP4 data. A criterion of 20 s for long-time outliers in MOPP4 is chosen to flag two

outliers for Crew 2 in MOPP4-S. This choice is based primarily on retaining all values for
Crews 1 and 3 in MOPP4-S. It is clear that the variance on this task time increases greatly in

MOPP4.

RELOAD POWDER.
There are no apparent short-time outliers for the reload powder task time for either BDU

or MOPP4 data. For BDU, a long-time criteria of 10 s is chosen to flag one outlier for Fire

Mission 15 of Crew 2. Observer notes indicate "late powder" for Round 1 but no other

comment.

A criterion of 10 s is used to flag long-time outliers for the MOPP4 data. The worst
outliers occur for Crew 2 in MOPP4-S for Fire Missions 4 to 6. The crew was operating with
7 members for these missions and the Loader was walking back to the powder tent to get the • ,
powder bag rather than having it brought to him as usual. Observer comments indicate that some
of the other outliers for MOPP4-S and MOPP4*-R were caused by poorly wrapped powder bags
that had ti be adjusted by the Loader. Although, this rewrapping adds to the overall mission
time, it is considered a change of task and the corresponding data is not included in the present

"analysis of task performance degradation.
The choice of 10 s as the criteria is based mostly on the clear separation of outliers for

Crew 3 in MOPP4-R. The choice is less obvious if it were based on the same crew in MOPP4-
S. The MOPP4-S data of Crew 3 is not used to make the choice since Crew 3 is the only crew

in MOPP4-S rather than BDU on the first day of the record trials,

RELOAD PROJECTILE AND POWDER.
There are no apparent short-time outliers for the reload projectile and powder task for

any posture. A long-time criterion of 15 s is used for both BDU and MOPPI-4 using

considerations similar to those for the reload powder task.
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LAST OPEN BREECH.

There are no apparent short-time outliers for- the last open breecia zask time for any

posture. A long-time criterion of 4.5 s flags many of the Crew 2 measured values as outliers for

the same reasons explained for the open breech task. A long-time criterion of 5 s for the

MOtNP4 data results in one outlier for Crew 2 in MOPP4-R. _

SWAB AND INSPECT.

A criterion of 7 s is used to flag short-time outliers for the swab and inspect task time

in BDU. There is one such outlier for each crew. There are no relevant observer comments for

these outliers; however, the outliers are self-evident from the plots. There are no apparent long-

time outliers in BDU.

There are no apparent outiiers, either short or long, in MOPP4.
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APPENDIX E
PHYSIOLOGICAL DATA FOR CREWMEMBERS

The crewmember physiological data plotted in this Appendix were recorded with the

Biomedical Field Safety Monitor (BFS , a telemetric, personnel monitoring system developed

for the P2NBC2 Program by the Walter Reed Army Institute of Research (WRAIR). Collection

of data for this exercise was managed oy COL Daniel Redmond, M.D., U.S. Army, Department

of Behavioral Biology at WRAIR. The data files used to generate the plots co~atained herein

were provided courtesy of COL Redmond.

This Appendix contains one page for each participant in the exercise. Each page is

headed by the Participant Identification (PID) number and crew position of the individual.

Generally, there are three plots for each crewmember, one each for the scenarios in BDU,

MOPP4-S, and MOPP4-R. Crew I (PIDs 10 through 19) has data for only 2 scenarios since it 0

did not carry out a scenario with regimented rotation of positions.
[I _:•Each plot provides the time dependence of the crewmember's core temperature and mean

I"¾ skin temperature according to the lefthand scale and his heart rate according to the righthand

j; scale. The data consists of 5 minute averages for each quantity. There is one time series in the

data files for heart rate and one for core temperature. These tihe series are plotted with no

additional processing.

There are _ki- :,.-.,..,re series for three sensors in the data files, labelled STl, ST2,

and ST3. The second sensor, ST2, had relatively low values (26 to 28 'C) with frequent

dropouts and is not dsed here. The skin temperature plots in this appendix show the mean of the
4S ,other two sensors. These sensors also had occasional dropouts and anomalous readings at the

beginning and ends of data intervals. To minimize the impact of these spurious readings, skin

"temperature values less than 34 'C are eliminated from the data before averaging.

Finally, for mission context, each plot contains markers for the move tofiring point events

* l(inverted triangles) before and after resupply and for the start of each fire mission (vertical hash

marks). The time scales are EDT.
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