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PREFACE

This report was prepared by Pacific-Sierra Research Corporation
to describe the methodology for developing combat crew performance
data based on a series of Intermediate Dose Program (IDP) studies
sponsored by the Defense Nuclear Agency (DNA).

Work in this report, sponsored by DNA under contract DNA0O1-85-C-
0352, utilizes the CREW-III model to determine the performance level
of combat crew units taking the individual crewmember performance
levels into consideration. Short duration tactical combat engagement
scenarios are specified and performance levels are determined as a
function of dose and time following ionizing radiation exposure.

The authors wish to express their appreciation for the assistance
and cooperation of S. Levin; M. J. Mover of Science Applications
International Corporation, La Jolla, California; and‘for the direction

and guidance of R. W, Young of DNA.
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SECTION 1
INTRODUCTION

This repcrt is one of a series which provides the documentary
basis of study efforts to quantify the effects of intermediate level
gamma and neutron doses on the combat effectiveness of tactical combat
forces. The effort herein builds on the work of the Intermediate Dose
Program (IDP), where models were developed to determine the expected
performance level of individual soldiers as a function of dose and
time after exposure [Anno, Wilson, and Dore, 1983]. While prior IDP
work characterized the expected performance of individual soldiers.
here that work is extended to small army combat crew units. Four
types of crews selected for this study are shown in Table 1, along
with a brief description of the specific combat engagement action cf
each. These crews are all associated with vehicular equipment and
represent a significant portion of the tactical force structure.

The methodology followed in developing combat crew performance
levels is outlined in Fig. 1. There were two specific objectives of
this study. The first was to determine a relationship for the collec-
tive performance of a crew as a function of the performance levels of
each of the crewmembers. For a typical crew with four crewmembers,
the resulting model, as indicated in Fig. 1 under "Four-dimensional
functional fits," required eight parameters, two ecach for the fcur
independent variables (crewmember performances). This relationship can
be used in simulation codes such as Ballistic Research Laboratory’s
(BRL) AURA [Klopcic and Roach, 1984] to predict battlefield perfor-
mance of a crew for an arbitrary mix of degraded crewmembers. It
applies regardless of the underlying cause of the degraded perfor-
mances, whether due to radiation sickness or some other physical or
psychological trauma.

Given the above crew performance algorithm, the second objective
was to develop a formalism for determining crew performance as a
function of acute dose external to the crew vehicle and time after

exposure. This formalism, as depicted iun the lower portion of Fig. 1,

SRR LA W & Ay
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combires a number of factors to yield the desired crew unit
performance. Among these factors are: vadiation shielding by the
vehicle, the variability among individuals in expressing symptoms of
rad.ation sickness, the crew performance algovithm, and results from
the IDP studies of dose and time-dependent individual crewmember
performance. A complete dose and time-dependent performance surface
was then prepared for each crew type by assuming typical vehicle °
shielding factors and averaging over the distribution of symptom
incidence. This set of‘surtaces is suitable for implementation on
higher level combat simulation codes, such as the JANUS code at
Lawrence Livermore Matlonal Laboratorv (LINL) {Blumenthal et al.,
19841 .

In this studv, performance i35 expressed as the ratio of the time
normally required to complete the specified combat engagement with
crewmembers unatfected by radiation (the normal mission time) to the
time required when the pertormance level of one or move crewmembers is
degraded (slower) from the effects of radiation. This definfition was
adopted [Anno, Wilson. and Dore, 19493] in the earlier IDP studv of
Individual crewmembers and has the desirable properties of alwavs
vielding a value betwren zero and one a¢ well as being amenable to
empirical fleld measurements,

A combatl (npagemont consiats of a numbetr of tashs sharod amotw,
the fndividual crewmombers that mast be completed accovding to o
predetermined sequence.  The pertormance ot cach crewmember {5 ex-
pressed quantitativelv in terms ot the time taken to complete his
assipgped tasks, The combat cnparements arve all vory briet, ranpging
from about 30 < to 1.% min., and vepeesent critical durations of combat
where crewmembers are 1equired to flawlessly ovecnte a large namber ot
often split-«econd tacks in o coordivated team cttort,  Accovdingly.
siuch intense combat enpagements represens critical elements attecting
the outcome of tactical battletfiold enconntery,

In the sections that follow, we discevss the mothodolopy c-anm-
mariced in Fip, 1) developed tor derterminine dertaded pertormance
tevels for each ot the tomr combat crew units. The appendices contain
numerous tables and diarrams reterred to in the dfocussion that

provide detailed backup information and data,




SECTION ¢
ANALYSIS OF EMPIRICAL DATA

Studics have assembl ol a large number of field measurements of
the time requived i trained militarv personnel to perform the tasks
comprising the engagements described in Table 1. The M60A3 tank data
[Moyer and Lam, 1787] were combh'ned with data tor three other crew
types: the M109 howitzer. fire direction center (FDC), and M901
Improved TOW (tube-launched, oprically rrackad. wire-~uided) UYahicle
(ITV-TOW) crews [Hover, O'Donophue. and Feinberg, 19841, These data
were taken trom multiple repetitions of standard operational enpaye-
ments by trained soldiers. A brief description of each engagenent is
included in Table 1. and move detailed deseriptions of the specitic
tasks ate tabulated in Appendix A,

The joal was to penerate an accurate, dynamic model for each crew
rvpe. The empirical data gathered were suvitable for statistical

evaluation to provide the tollowing critical {nputs to such a model:

1. Representative mean iimes for each task
Yariances about the mean Gimes for crewmembers

J. Detailed chronologieal wequence and hierarchy of task
eiectutions to allow conctinetion of task tntevaction

diaprams

The scope and extent of the measmements for all four crew tyvpes
fs summarized fn Table 20 Most tasks tor most crew tvpes were pey-
tormed five or more times hv Leveral different crews comprised of
different {ndividuals., However, hecause oolv a limited numbeyr of
qualitled personnel were avatlable tor cevtais: positions, thev were
requited to occupy those posfitions tor all of the rrlals, For ex-
ample . for the gnn crew a sinpgle fndivtdual (chief of sec tony pave
flefpated in each of the 1] ceparate crvew units.  This ecrewmen' -r

performed two of the wume rasks five times each for a rotal of 59

trials., Also, because certain tasks i{nvolved the actual firing of

(o1




Table 2. Structure of empirical-task time measuremsnts.

Crew No. of No. of No. of No. of
Type Tasks Separate Separate Trials
Crew Units Individuals Each
Gun crew 2 “- 1 554
25 11 33 b)
FDC 23 10 30 5
COFT 18 15 30 7 to 12
Tank crew .
Live ta 10 10 1
2 4 4 10
ITV-TOW crew ‘ 7 -- 2 208 & 308
12 5 10 102

40nly the last 5 trials were used.

expensive, live ordinance, those tasks were not repeated as often. In
Table 2, two rows of numbers are used for all crew types but the FDC.
The upper numbers represent sitiactions in which the number of
qualified personnel was limited,

Th2 entry in Table 2 for the MAOA3 tank crew is divided in two
because task time measurements of the tank crewmembers were made in
two separate environments. The many rapldly occurring tasks for the
tank commanders and gunners required that timings be taken i{n a stand-
ard tank simulator, the "conduct of fire trainer" (COFT). This
simulator is stationary and does not fire, therefore, the loader and
driver tasks were possibly not realistic representatiors of an actual
tank environment {n scme respects, However, a limited number of
loader and driver task timings were taken {n real tanks participating
in exercise maneuvers., These exercises included live firing of the

gun. The two subdivisions given for the tank crews in Table 2




delineate the tasks and number of trials applicable to each set of
measurements.

The final mean times and variances for these empirical data are
tabulated in Appendix A. Except for the tank crew, these result from
five independent trials by each individual. Where more trials were
available, only the last five were used. Occasionally, an individual
would have only four valid trials; in these cases, the standard
statistical practice was employed of introducing an artificial fifth
trial equal to th: mean of the four valid trials. For the tank crews,
however, all available data were used.

Nf concern was the possibility of a "learnine rurve” effect in
which a trend towards shorter times would develop with successive
trials by an individual. Correlation tests were performed to detev-
mine if anv systematic trend could be found in going from the first to
the fifth trial. Neither a trend toward longer times (due to boredom
with repetitions of the same exercise) nor toward shorter times
(learning curve) was discernible.

The complete lack of any appropriate data on crewmembers in
degraded states was one of the major concerns of this study. In
particular, a method was needed for estimating the variance about the
mean task times for degraded crewmembers., The solution was to model
the variance as a tunction of the mean, assuming the same functional
form to hold for hoth the degraded and undegraded situations.

Let T; be the normal (undegraded) mean time for completing
task {. Then the performance of a crewmember is defined as p = T;/t;,
where tj Is the longer time required to accomplish the same task when
the crewmember i{s in a degraded state. So for a given performance
level p, the mean time for a degraded crewmember to perform task { is
Just u; = Ty/p. A model for the variance ahout uj is desired. IE.
for healthv crewmembers, a functional velationship or the form
0? = f(p) were found. then we could approximate the degraded variance

by assuming: .
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A scatter plot of oy versus pj was made for each crew type, and a
combined plot for all four crew types is shown in Fig. 2. It is
immediately obvious that the upward, linear trend is very nebulous.

Grouping tasks according to the type of activity was then

considered. The types chosen were:

1. cognitive,
2. 'physically demanding.

3. normal.

This partitionirg of tasks was suggested by the previous IDP
study, where trends were observed indicating that certain physically
demanding tasks deviated substantially from the norm. A physically
demanding task is one that would more effectively fatigue a crewmember
compared to other tasks and thus lergthen task performance time.
Similar deviations were also observed for certain FDC tasks which
require intense mental concentration. These “"cognitive" tasks are
indicated by a "C" in the column titled "Task Type" in Appendix B. The
physically demanding tasks are similarlvy marked with a "P.," The
remainder of the tasks are normal and atve unmarked.

Examples of scatter plots of o; versus u; for these activity
groupings are shown in Fig. 3. Again, onlv a very diffuse trend is
evident. To assess these results., several statistical tests were
applied. including the student-t and standard error. The results are
summarized in Table 3. where A and B refer to a straight line best fit
of the form ¢ = A + Bu. The results indicate that the activity group-

ings are not sufficiently distinct from one another to justifv distin-

guishing between them.
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a. Cognitive.

ol | ! I
0 10 20 kY L]
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Figure 3. Scatter plot of o versus yu by task group.
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Table 3. Regression results.

Crew Type Tasks sD A B SD(A) SD{B) COV(A,B):

Gun crew 23 1.1702 1.0741 0.1589 0.4576 0.0572 -0.0222
FDC crew 23 0.4979 0.7873 0.0999 0.1271 0.0120 -0.0009
Tank crews 20 0.1982 0.1640 0.1943 0.0740 0.0427 -0.0025
TOW crew 19 0.5916 0.7269 0.1312 0.2411 0.0344 -0.0068

W N -

Standard Error and T-Statistics

Comparisnns ————Intercept (A) Slope (B)
Standard Standard
Error Student-T DF Error Student-T DF
Gun crew/FDC crew 0.0990 2.8957 46 0.0122 4.8362. 44
Gun crew/Tank crew  0,0958 9.3975 41 0.0153 2.3204 41
Gun crew/TOW crew 0.1103 3.1476 40 0.0143 1.9345 40
FDC crew/Tank crew 0.0312 19.9523 41 0.0099 9.5576 41
FDC crew/TOW crew 0.0613 0.9845 40 0.0083 3.7845 40
Tank crew/TOW crew 0.0577 9,7523 37 0.0124 5.0963 37
Stress Type Tasks SD A B SD(A) SD(B) COV(A.B)
Cognitive 5 0.3567 1.1004 0.0832 0.2702 0.0125 -0.0027
Demanding La 0.8310 0.2209 0.2725 0.5364 0.0804 -0.0392
Normal 66 0.7443 0.4671 0.1839 0.1295 0.0231 -0.002L
All tasks 85  0.8077 0.7029  0.1354 0.1170 0.0152 -0.0012
Standard Error and T-Statistics
Comparisons —Intuercept (A) Slope (B)
Standard Standard
Error Student-T DF Error Student-T DF

Cognitive/Demanding .1875 4.6909 17 0.0222 8.5278 L7
Cognitive/Normal 0.1219 5.1957 69 0.0063 16.4060 69
Cognitive/All tasks 0.1215 3.2715 88 0.0058 8.9665 88
Demanding/Normal 0.1442 1.7071 78 0.0217 3.9950 7
Demanding/All tasks 0.14739 3. 3497 n7 0.0215 6.3651 a7
Normal/All tasks 0.0204 11.5718 149 00,0033 15.3807 149
NOTE: DF = degrees of freedom.
11
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Finally, Fig. 4 is a scatter plot of a? versus pf, where

N
* 1
b= § j§1 1n :ij , (2a)
N 2
* 1 *
g, = RO jzl (ln tij - “i) , (2b)

and where j = 1,2,...,N ranges over trials for task i, and the tij are
measured times. A best-fit, straight horizontal line was fit to this
pattern, and we concluded that such a slope = 0 curve was as good a

fit as any other. Thus. the algorithm for sampling for degraded times

becomes:

Sample random variables, r, from a normal dist;ibution
with mean, xi - ln p, and standard deviation of;
then, t = exp(r).

This is equivalent to sampling t from a lognormal distribution with

mean,

B3 w 2
B(p) = u(p=1)/p = exp(u - lnp + 0 /2) , (3a)

and standard deviation (3D),

, 2 .0
o(p) = eZ(#*-ln p) + o (ea~ _ l) ' (3b)
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o(p) = a(p=1) e-2 in p

(3¢)

= 1/p « o(p=l) .

This is the desired relationship for o(u). Therefore, an alternative

form of sampling for t, which is equivalent, is:

Sample random variables, t, from a lognormal dis-
tribution with mean, u(p=l)/p, and standard deviation,
o(p=1)/p.




SECTION 3
DEVELOPING TASK DIAGRAMS

The decomposition of an engagement involving several interacting
crewmembers into a specific set of modular tasks depends on the level
of resolution required. The particular structures chesen for collect-
ing the empirical data were designed to facilitate accurate timings
tetween natural breakpoints in the action. This is illustrated by
considering the empirical task lists summarized in Appendix A. Task
24 for the M60A3 tank crew commences immediately after the tank com-
mander (TC) orders "backup." The full description states that this
task consists of the driver backing up until the TC orders "stop,"
whereupon the driver stops and parks the tank. Here two different
indivicduals are involved, and three distinct actions must be performed
in sequence, i.e., an action by the driver, then an order from the 1C,
followed by a final action by the driver. For an accurate simulation
in which the TC and driver may be in very different degradation
states, the distinction between the tlhiree components of this "task”
can be significant. A similar situation arises in several of the
other empirical tasks.

As a consequence, many of the empirical tasks were subdivided
into two or more simulation tasks for incorporation into the final
task diagrams. This, in turn, necessitated distributing the mean task
time and the associated variance among the subdivided tasks without
altering their combined values. Although this could only be done by
careful intuitive judgment, the net mean time and variance for the
set, which must remain as measured, were preserved. Since for the
original measurements these appeared as a single. continuous activity, ;
the addition of detailed internal structure to this set of tasks had '
negligible effect.

The procedure for redistributing the variances among subdivided
tasks results from requiring that three conditions be met. For an
empirical task with mean time t. the subtasks are assigned mean times

such that
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t +t =t . (6)

Assuming that the tasks are independent., the standard deviations ave

then constrained such that

a a 2 2 2
— = = and 0" + a9 =0° . (%)
o a b
b b
The standard deviations for the subtasks are then given by
Y
S «y D A ’)
N e and A A N (6)
b a b
1 &+ v st )
a4 h

The resulting fnput wvalues used fer the simulation are tabulated
in Appendix B, along with the final task lists for the four crew
tvpes. These correspond to the task diagrams {n Appendix C. The
zolumn marked "data tasks” contalins the orfpinal empirical task numbev
from the measurement odata, and {s followed by a4 letter (a, b.,...60t¢))
it the task was wubdivided, Empirtcal tasks 21 rthroupgh 24 for the
107 pan erew wore in tact copies of tasks B throush 11, {.e., no
ndependent measarements were tagen for the jepeat ot the loading

aperations,




SECTION 4
MONTE CARLO SIMULATION OF CREW PERFORMANCE

The CREW-IIL Monte Carlo stmulation code [Dore. 1986] was ;.ll’il‘
ized to predict the mean overall engagement time for each crew tvpe.
This involved computing 100 fndependent historles (realizations) of
the simulated engagement, resulting in a predicted mean time for each
of the types of engapement, The reconciliations of the overall en-
pagement times ohtained trom this simutation with the measured mean
thmes are shown in Table oo Since some of the simulated enpagement s
contafined additional tasky nat ineluded in the oviginal, measarod
copapement s eorrection tormy vere needed to make g meaningtul com-
paricon between the predicted and e ed times., For example. the
fnftdal ci tanks tor the tank crew, daring which the tank commandery
and panner ave scacching for g tareet . were fncluded te conform to the
earlier IDP scenario,  These tasks conyime an average of ahout 1.7 «
which were not included in the cmpirtcal measurements,

Corvectfons were alho tequired for the measured, empirical over-
All tank thmes tor the tank erew,  In discussing the comparisen af
COFT Sdmalator and field vvered o task t{me medasurements, Maver and
Lam F1987] obaerved:  "Comparf-on of the COFT penerated data with the
Toader Shaws that the loaders were slower, Howerver, {t would appear
that the Toaders wauld bave added only ahout a4 ane second delay to the
cavwa abillty to tite the cecand ¢ oaand,

Then, o tew contences Tater, in tetotence to timing the dif-erx,

“

Mover apd Lam PE0E e gt e couthe time to back up the tank appeacs
tn be twice s lone as evpected hased an the T pevformance (0 the
FOFT. Due to the vestyfcted cues in the ©OFT {r §3 possihle that
these T 5 were seopping theft <tmalated tanks wcooner than thev should
hoave " Based apon rhese commenta . an addittonal 2.0 9 ware added to

account for the loaders and an addttfopal 1,018, « 0,709 ¢ of backnp

time for the drteey o,



Table 4. Reconciliation of overall engagement times.

CREW-I11 Results Empirical Date
Crew Raw Raw
Type Time Correction Net Timed Correction Net Percent
Gun 103.18 103,18 116.43 116.43 -12.8
FDC 93.38 93.38 69.69  +6.86P  76.55 +18.0
Tank 28.06 -1.70¢ 26,36  22.79 +2.714 25.50 +3.26
ITV-TOW 157.82 -28.00°¢ 129.82 141.57 141,57 -9.05

dEmpirical values for total engagement time reflect the less than
ideal conditions under which field data measurements were gathered,

bTasks 11 through 14 were removed,

Clnitial target acquisition.

dioader and driver too fast in COFT.

€Driver tasks.

The rijht-hand column of Table 4 summarizes the relative accuracy
with which the Monte Carlo simulatfon reproduces the empirical
results. Except for the FDC crew, for which the empirical "measure-
ments” ara very doubtful, the agreement is satisfactory.

The CREW-111 code was then applied to selected combinations of
degraded crewmembers. The degradation states chosen and the final
mean engagement times found are summarized in Appendix D. For some
crew types. addit{onal points were included to ensure that the entire

four-space, {.e., four crewmembers, was sufffci ntly represented.
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SECTION 5
FOUR-DIMENSIONAL FUNCTIONAL FIT

A simplified expression for overall crew performance as a func-
tion of the performance levels of the individual crewmembers was
derived as follows: Consider a crew consisting of four crewmembers,
each responsible for a specific subset of the full set of tasks making
up the engagement. Assuming that all tasks are performed sequern-
tially, the total time for the engagement would simply be the sum of
the time taken bv each crewmember, Let T; he the sum of the normal
(undegraded) times for the tasks of crewmember {, { = L, 2....4, so

that the total mission time {s

4
™

Tt -L T, - (7a)
=1

The performance of a crewmember {5 defined as pg = Ty/ty. wheve ty is
the lonper time required to accomplish the same set of tasks when the
crewmember 1s degraded. Thus, py is alwave between 0 and 1.
simflarly, the overail crew performance {s given bv P = Teap/ tene.

where t o =~ Z ty. [t then tollows that

P - S , { ]h)

where

i i tovt
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Equation (7b) shows that each of the crewmember performances is
reciprocally weighted by his fraction of the total mission time when
all are undegraded. The assumption of a series of sequential tasks
used to derive this expression is true onlv specifically for the 1TV-
TOW crew. The other three crew types vequire the crewmembers to
perform tasks in a series-parallel fashion, where at various times
during the engagement two or more tacks are performed simultaneously.
However, by using Eq. (7/b) as a guide, the Monte Carlo results for
these other three crew types were found to be remarkably well fir by a

generalized form of Eq. (7b),

P S (9)
3 a, \j3
iyt
j=1\ Pi

The B exponents allow four more degrees of freedom to account for
interaction effects between crewmembers, Both the a’s and 0's were
determined from a simplex algorithm which mimimized the standard error
over all points. The starting guesses for the a's were determined
from Eq. (8) and the §'s were Initialized to 1.0: in all cases, the
results converged rapidlv to a distinct mintmum. The resulting values
are tabulated in Table 5, along with the correspondence between the
indices and crewmember positions,.

The CREW-TII simulation for the ITV-TOW crew incorporated only
three crewmembers: squad leader, gunner, and loader. The fourth
crewmember, the driver, was not included since the empirical data fov
the ITV-TOW crew was taken without a driver present. As alreadv
mentioned, the [TV-TOW tasks are performed sequentially, and thevefore
the g's are all 1.0, The accuracy ot the CREW-TI11 simulation and
subsequent fit to Eq. (M) is evident hy noting the near mity values
of the d's for the [TV-TOW crew {n Table v,

The previous IDP studv did incinde o dviver, vhose total task
time was normally P20 « for mmevvering and parking at the lTaunch

site prior to the other crewmembers beginting thelr tasks. For hoth




o

Tahle 5. Fit parameters.

Gun FDC Tank TOW
Parameter Crew Crew Crew Crew
ay 0.073953 0.23466 0.24249 0.13111
a) 0.074018 0.37234 0.22197 0.47759
a3 0.24954 0.44990 0.31879 0.1774.
a, 0.59286 -- 0.31198 0.21546
01 1.2502 1.6017 0.98866 1.0389
Ity (}.67995 0.81154 1.1181 1.0137
33 1.0037 1.98212 1.2815 1.0000
B4 1.17553 - 1.0046 €.96201 P
Crewmember Index (1)
Crew Type
H 2 3 4
M109 howitzer Cuief of Assistant No. 1
gun crew Section Gunner Gunner Cannoneer
Fire Direction Fire Horizontal
center (FDC) Direction Computer Control --
Officer Opevrator
MAOA3 tank Tank
crew Commander Gunner Loader Driver
MO0l [TV-TOW Squad
crew Leader Gunner Driver Loader




consistency with the previous IDP study and because an actual ITV-TOW
crew includes a driver, a modification was made to the results to
incorporate the effects of a driver into the results.

This modification consisted of adding an additional 28 s to the
engagement time for wrhicle motion with an undegraded driver. Then,
if Teor = 129.824 s is the total engagement time for the three man
crew, the new total time will be T’ y¢ = Tege + 28 = 157.824 s. Also,

the total engagement time with degraded crewmembers becomes

a B
1 \Pi

is the total engagement time tor the three-man crew, and pp is the

3
T =T + 28/pD. where T =T . Z

performance level of the driver. Thus,

tot tot t
(11)
- Teoc ;: ( *1 ) 5 . (ZB/Ttot)
Teoe * 28 | 121 Py Pp
so we find that

Pr = K with o 28/T g 1

- 4 f f = / s - ,
7 a, \ By 4 tot 4 (12

i=l \ Pi P, = bp. and X = (T .+ 28)/T . .

This {s the same form as Eq. (9) except for the constant, K, which is
easily removed bv incorporating it into the a's.

Comparisons of the simulation results and the values predicted by
Eq. (9) are included in Appendix D. Appendix E contains a repre-

sentative set of plots of numerous planes in the four-space for each

22




crew type. Also included on these plots are the points to which they
were rfit.
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SECTION 6
DOSE AND TIME DEPENDENCE

The crew performance formula (Eq. 9) is suitable for many ap-
plications involving degraded crewmembers. One such application is
the Army Unit Resiliancy Analysis (AURA) code at BRL. AURA allows
reconstitution of a tactical unit with any mix of degraded personnel,
regardless of the underlying cause of the degradation. For instance,
the limitations on crew performance caused by wearing mission-oriented
protection posture (MOPP) gear in a chemical attack environment can be
simulated by applying Eq. (9).

Other battlefield simulation codes are primarily concerned with
effects on a tactical unit directly, rather than indirectly through
the performance of the crewmembers. One such is the JANUS conflict
simulation code at LLNL. One requirement of JANUS is to simulate the
time-dependent performance of combat crew units after acute exposure
to an intermediate dose of ionizing »adiation from a tactical nuclear
weapon detonation.

Providing such a model extends raturally from the earlier IDP
study [Anno, Wilson, and Dore, 1983) in which the performance of
individuals was characterized for acute exposure as a function of dose
and time. A given external dose to a unit (e.g.., a tank) is reduced
by an appropriate shielding factor for each crew position, resulting
in a dose to each crewmember. The results of the IDP study were then
applied to find the performance level of each crewmember at some later
time, and Eq. 9 was then applied to yield the overall unit performance
at that time.

A modification of the above procedure is necessary because not
all irdividucls develop any or all of the disabling symptoms of acute
radiation sickness which are the cause of degfaded performance. The
crewmember performance results reported in the IDP study are condi-
tionally dependent upon an individual having expressed these svmptoms.
and for thnse individuals who are not affected there is no degrada-
tion, i.e., their performance level is 1.0. This individual

variability in response to radiation exposure was accounted for by
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finding an expected performance for the unit by combining the sixteen

possible situations of four crewmembers, each either expressing or not
expressing symptoms. weighted by the incidence fractions for develop-

ing symptoms.

Estimates of incidence fractious for each of the major symptoms
(e.p. nausea, vomiting, fatigability) of acute exposure to ionizing
radiation have been determined as a function of dose [Anno, Wilson,
and Baum, 1985]. While these incidence fractions are specific to each
type of symptom, they are highly correlated, and the actual perfor-
mance degradation of an individual is usually dominated by the initial
and most severe symptom developed. This allows an overall incidence
curve to be determined by assuming an individual develops the charac-
teristic degradation with the onset of any one symptom. Curves of
inciderce fraction versus dose for the major symptoms of radiation
sickness are plotted in Fig. 5 based on both lognormal and logistic
forms of the distributions with dose. The overall incidence curve
consists of the leftmost of these symptom curves at any incidence
level. The resulting three-part formula is given in Table 6.

+ The expected performances were then calculated for the fcur crew

types. First the protection factors from Table 7 were appliec to
reduce the exposure external to the vehicle by an amount appropriate .
for inside the type of vehicle. Note that only the M60A3 tank varied

' in density sufficiently to afford different degrees of radiation
protection dependent upon where in the vehicle the crewmember was
located. The weights and performances of each crewmember were then
calculated for all 16 combinations of symptom incidence and then
combined together with Eq. (9), in the manner given as follows: Let
D, be an acute dose of ionizing radiation external to the vehicle
which occurs at time t = 0, Then, for the ith crewmember .

(i =1, 2,...,48), define:

PF{ = protection factor,

Dy = Do/PFj.
pi(Dj, t, = conditional performance level of ith crewmember,
fi(Dy) = probability that symptoms are expressed by ith crewmember.

25
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Fiqure 5. Symptom incidence.
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Table 6. Symptom incidence.
Principal Dose Range
Symptom (rads) a b
Fatigability
and Weakness 0 - 185 8.75 1.63
Nausea 185 - 530 12.2 2.30
Nausea > 530 49.8 8.27
Symptom incidence:
1
£(D) = -bInD °
1 e

Table 7. Radiation shielding protection factors.

Crew and Position

Factor

M109 howitzer gun crew

Chief of section
Gunner

Assistant gunner
No. 1 cannoneer

FDC
Fire direction off
Computer
Horizontal control

M60A3 tank crew
Tank commander
GCunner
Loader
Driver

M901 ITV-TOW crew
Squad leader
Gunner
Driver
Loader

icer -

operator
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The 16 combinations can then be represented by taking:

0 => Unaffected: pf

1.0, wy =1-£;

1 => Affected: p} = pj, wi = f;

and arranging all combinations as a binaryv series., i.e.

Case n: 01 2 3 4 5 6 7 8 9 1011 1213 1415
1 01 o0 ¢ o1 01 o1 o1 O 1 01
Crew 2 0 0 11 0 0 1 1 o 0 1 1 0 O 11
member 3 ¢ 0 0 0 1 1 1 1 o 0 0 0 1 1 1 1
4 O 06 0 0 0 0 00 11 11 11 11
The weight assigned to the nth case is then given by
4 15
wn = rI wi , where Z: wn =1 (13
i={ , ,
n=0
and the crew performance (given by Eq. 9) for case n is
Qn = L . (14)
4 a A,
Z 1 1
i=t \ Pi
The combined average crew performance is then given bv
15
P(D_. t) = ) v (15)
: n=0

The unit performances which result from the calculations given
above ave tabulated in Appendix F as an evenlv spaced grid of points
in log dose (external to the unit) and log time. The extent of this

table is identical to that of the earlier IDP studv, and the general
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appearance of the surface plots (Appendices G and H), not surpris-

ingly, is very similar to those for individual crewmembers in the IDP

«

study.
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SECTION 7
DISCUSSION

The methodology tollowed in this stud’ to develop crew unit
performance demonstrates that a fairlvy complex procedure, such as that
required for modeling the collective actions of {ndividual crew~
members, can ofren he replaced by a fairly simple vet effective
algorithm. This result embodies all the appropriate details and has
the obvious advantape of reducing computation, especiallv for utiliza-
tior in laryer scale battlefiela simulations such as AURA., which
involve a great amount of other computations, Also., the algorfthm
developed in this studv provides the flexibility that enables crew
unit performance estimates to be made tor arbitrary levels of depraded
states distributed among the various crewmembers, regardless of the
cause,

The methodolopy. a3 we demonstrate in this studv, can also be
extended *to specifically address crew unft performance where the
performance of indfvidual crewmembers mav be {mpaired by the «ffrects
of lonfzing radiation uxposure. Here the conditlonal crew unit per-
formance algorithm (as doveloped tor AURAY {4 mod{flicd by taking into
account buth individual variabilicy in response to radlation effecta
as well as extra- and intravehicular environmental doge levela amonp
the crewmembers.

Crew unit performance data generated in thig studv pertains to
tixed <hort combat engagement ncenarios for the combat eprews evaluated
along a post-acute-exposure time trame (up to b weeks) {or extra-
vehicular environmental dose levels. These data provide tnput to
other larper-scale bhattletield <imulation programs such ag JaNUs,
which require prepackaged radfation etfecta embedded {1 crew pertor-
mance values., Thege performance values are weight -gveraped over the
sixteen possible combinations of sickness states of four (rewmembers,

However., hased on the procedure we ysive to obtafn thewe averayre
crew unit pertormance values, discrete component clew pertormancs

estimates and thelr associated probabilities can be penerated as
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desired for arbitrary dose and time, utilizing the shielding factors
and symptom i{ncidence data presented in this report and the previously
developed dose-time individual crewmember performance data {Anno,
Wilson, and Dore, 1983]. This discrete probabalistic crew unit per-
formance data, for example, would be more appropriate for battlefield
stmulations which treat combat crew unit performance stochastically.

Aside from application to larger-scale battlefield simulation ov
gaming codes, the graphical presentations of crew unit performance can
be useful for training and education purposes In developing tactical
guldelines. In this regard, some general observations can be made and
caveats noted,

Crew unit performance generally follows the level of performance
of the {ndividual crewmembers over dose and time. although not neces-
sarily in a linear fashion. For example, overall crew performance is
not greatly affected by any one crewmember who may be significantly
degraded compared to the others unti{l that crewmember’s performance
level approaches around 50 percent. A plot of crew unit performance
against decreasing performance values of one of the crewmembers, all
others fixed, would initi{ally appear relatively shallow and then
rapidly turn down with smaller values of the indlvidual’s performance,

Task time varfobility, derived from tjeld measurvements according
to a detailed characterization of subtasks that comprise a combat
encounter scenarfo, comes from a population ot participanta in o
normal state of health. 3Since {t {s fmpossible Lo acquire the cor-
responding measure of varfabi{lity from a population of indfviduals
tmpaired hy the offects of fonizing radiation, we must assume that the
standard deviation ot task-performance time viries monotonjcallv with
the increased mean task-performance time expected when an {ndividual
ia Impaired by the ¢ffects of radiation. The assumed fnveyse pevfor-
mance relacfonship is consi{stent with the results trom the statlistical
analvsis of the ftield measurement data,

Finally, the crew unit performince values are all based on shore
but Intense actfionsg that take place uaing the tactical combat engace-
ments modeled, T this 1egard, we are mncertain how applicable these

performance values are to other combat crew <cenarios where the action
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levels are not as intense or where the duration of performance >xtends
over much longer periods. for example. as in logistic or support

operations, toad marches., or other activities where protracted fatigue

becomes a factor.
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APPENDIX A
TASK DESCRIPTION FOR EMPIRICAL DATA

Tables 8 through 11 detail the empirical tasks performed by the
members of the four crews. The mean and standard deviation for each

empirical task is included.

“.
.
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Table 8. Empirjcal task descriptions for gun crew.

Task Description Simulator (S)
No. of Actions Live Fire (L) Crewmember Mean SD
1 1Issues, receives and S Chief of 18.69 1.247
relays fire mission section
data
2 Loads projectile and L No. 1 5.74 2.990
prepares to ram cannoneey
3 Laying for deflectior S Gunner 9.94 4.516
4 Laying for quadrant S Assistant 11.96 3.725
gunner
5 Laying for deflection S Gunner and 14.91 3.427
and quadranc@ assistant gunner
6 Operates and retracts L No. 1 5.08 1.223
rammer cannoneer
7 Loading propellant and L No. 1 10.72 4.343
closing breachblock?d cannoneer
8 Stows cammer and tray S No. 1 2.72 0.718
cannoneer
9 Loads propellant S No. 1 2.82 0.509
charge cannoneer
10 Closes breachblock S No., 1 2.51 0.443
cannoneery
11 Checks lay for deflec- ] Chief of 4.81 0.143
tion and quadrant section
12 Primes cannon and L No. 1 a. 86 2.580
attaches lanvard cannoneer
13 Fires weapon. recovers L No. 1 5.70  3.128
and detaches lanvard cannoneey
ATask 5 is equivalent to tasks 3 and 4 combined: similarlyv. task 7 is

equivalent to tasks 8 through 11, and task 70 is equivalent to
tasks 21 through 24.
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' Table 8. Empirical task descriptions for gun crew (continued).

Task Description Simulator (S)

No. of Actions Live Fire (L) Crewmember Mean SD
14 Swabs bore and checks No. 1 8.75 3.553
clear cannoneer
15 Positions loading No. 1 3.96 1.811
tray and rammer cannoneer
16 Loads projectile and No. 1 5.39 3.368
prepares to ram cannoneer
. 17 Lays for quadrant Assistant 1.34 0.345
gunner
18 Lays for Deflection Gunner 1.72 0.689
19 Operates & retracts No, 1 5.67 2.329
rammer cannoneer :
20 Loads propellant and No. 1 9.36 3.099
closes breachblock? cannoneer
21 Stows rammer and tray No. 1 (2.72 0.718)b
cannoneer
. 22 Loads propellant No. 1 (2.82 0.500)b
charge cannoneer
’ 23 Closes breachblock No. 1 (2.51 0.463)b
cannoneer
24 Checks lay for deflec- Chief of (4.81 0.143)b
* tion and quadrant section
25 Primes weapon and No. 1 4.40 2.302
attaches lanyard cannoneer
26 Fires weapon. recovers No. 1 5.59 2.661
and detaches lanyard cannoneer
27 Swabs bore and checks No. 1 8.67 3.552
clear cannoneer

aTaghk 5 is equivalent to tasks 3 and 4 combined:; similarly, task 7 is
equivalent to tasks 8 through 11, and task 20 {s equivalent to
tasks 21 through 24,
bTasks 21 through 24 were not measured independently, but are copies
of tasks 8 through 11. :
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Table 9. Empirical task descriptions for FDC crew.

Task Description
No. of Actions Crewmember Mean SD
1 Issues call for fire (Observer) 2.35 0.547
2 Receives and reads back Fire direction 2.12  0.915
call for fire officer
3 1ldentifies registration (Observer) 3.16 1.080
point
4 Receives and reads back reg- Fire direction 2.26 1.202
istration point tc be used officer
5 Announces target coordinates (Observer) 6.21 1.509
6 Receives and reads back Fire direction 7.22 . 2.343
target coordinates officer
7 Describes target (Observer) 4.06 2.058
8 Receives and reads back Fire direction 2.03 1.085
target description officer
9 Issues fire order Fire direction 2.16 1.292
officer
10 Determines and transmits Fire direction 1.98 1.217
the message to observer officer
11 Transmits “"fire mission" Computer 1.95 1.079
to battery
12 Receives and reads back (Battery) 1.33 0.476
"fire mission”
13 Transmits fire order to Computer 1.52 0.548
battery
14 Receives and reads back (Battery) 1.81 0.859
fire orders to computer
15 Plots target and Horizontal control 39.14 5.312
announces chart range operator
16 Receives and reads back Computer 2.28 0.963

target range




Table 9. Empirical task descriptions for FDC crew (continued).

Task Description

No. of Actions Crewmember Mean sD

17 Announces chart deflection Horizontal control 6.39 1.717
operator

18 Receives and reads back Computer 2.18 1.341

target range

19 Computes firing data, Computer 20.32  9.372
converts to fire commands,
and transmits deflection

to battery
20 Receives and reads back (Battery) 1.46 0.922
deflection
21 Computes site and announces Fire direction - 18.64 6.343
when requested by computer officer
22 Computes and transmits Computer 8.76 5.806 i ~.

quadrant to battery

23 Receives and reads back (Battery) 1.17 0.460
quadrant




Table 10. Empirical task descriptions for tank crew.

Task Description Simulator (S)
No. of Actions Live Fire (L) Crewmember Mean SD
1 Issues initial fire S Tank 0.274 0.141
command, traverse commander
turret
2 Arm main gun L Loader 1.916 --
3 Main gun switch to on, S Gunner 1,231 0.738
index ammunition,
identify target
4 Pull next round L Loader 5.745 --
5 Aim main gun, lase range S Gunner 1.184 0.575
6 Confirms range S Tank 1.142  0.549
commander
7 Commands driver forward and S Tank 0.756 0.232
gunner to guide driver commander
8 Drive tank forward and stop L Driver 3.894 0.851
9 Guide driver into firing S Gunner 2,323 0.572
position
10 Verify hostile target and s Tank 2,127 0.523
range; command fire commander
11 Final lay, alerts crew S Gunner 1.288 0.485
12 Pull trigger S Gunner 1.034  0.388
13 Reload, arm main gun, L Loader 11.027 --
and pull next round
14 Observes round, reports S Tank 1.581 0.354
impact commander
15 Issues order to reengage S Tank 0.480 0.140
commander
16 Re-lay main gun. lase S Gunnev 0.968 0,320

range




Table 10. Empirical task descriptions for tank crew (continued).

\ Task Description Simulator (S)
; No. of Actions Live Fire (L) Crewmember Mean SD
- 17 Verify range to target, S Tank 1.601 1.085
e commands fire commander
2 18 Final lay, alerts crew S Gunner 0.610 0.145
19 Pulls trigger S Gunner 0.747 0,209
. 20 Reload, select next round L Loader 9.544 -
\
K 21 Observes round, report S Tank 1.412 0.274
impact commander
22 Commands cease fire S Tank 0.401 0.139
commander
23 Commands driver to return S Tank 0.453 0.100
to defilade commander
24 Return tank to defilade L Driver 4,207 0.849

and stop




Table 11.

Empirical task descriptions for ITV-TOW crew.

container

aIncludes flight time.

B i s
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Task Description
No. of Actions Crewmember Mean SD
1 Alerts crew, issues Squad Leader 5.32 0.029
elements of initial
fire command
2 Erect launcher Gunner 6.36 0.594
3 Slews turret to track Gunner 11,29 1.845
first target
4 Arming left missile Squad leader 2.51 0.011
and gunner '
5 Issues fire order Squad leader 2.02 0.597
6 Tracks missile to target Gunner 19.378  0.843
and announces results
) 7 Terminates 1lst firing Squad leader 7.91 0.396
sequence, issues subsequent
fire commands
8 Traverses turret to track Gunner 4.80 1.679
second target
9 Arming right missile Squad leader 1.46 0.123
and gunner
10 Issues fire order Squad leader 1.80 0.763
11 Tracks missile to target, Gunner 18.138  0.961
and announces results
12 Terminates action, Squad leader 2.17 0.639
orders reloading
13 Preparation for reload Gunner and 16.25 2.484
loader
14 Unloads left launch Loader 3.22 0.957




Table 11. Empirical task descriptions for ITV-TOW crew (continued).
, Targk Description
No. of Actions Crewmember Mean SD
/ ’
15 Loads left launcher Loader 7.61 1.791
16 Unloads-ejects right Loader 2.06 0.381
launch container
17 Loads right launcher from Loader 8.12 1.281
ready rack
18 Closes cargo hatch Loader 3.24 0.981
19 Rearranges ready rack Loader 6.39 0.778
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APPENDIX B
INPUT DATA

Data for the gun, FDC, tank, and ITV-TOW crews as input to the
CREW 111 code are presented in Tables 12 through 15. The data are

input exactly as shown {n the tables.
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Table 12. Input data for gun crew.

Task Data Task Mean sD Precursor
No. Description Task?® Type (sec) (sec) Crewmember Task(s)
1 START -- 0.0 0.0 -- --
2 AN:MISSION&DEFL. 1A 15.99 1.226 C.SECT. 1
3 AN: QUADRANT 1B 3.00 0.230 C.SECT. 2
4 LOAD PROJECTILE 2A P 4.74 2.926 NO. 1 cC. 3
5 ROTATE CYLINDER 2B P 1.00 0.617 NO. 1 C. 3 4
6 LAY FOR DEFL. 3A 8.44 4.446  GUNNER 2
7 RECHECK SIGHT 3B 1.50 0.790 GUNNER 6 8
8 LAY FOR QUAD. 4 11.96 3.725 AST.GNR. 3
9 CYCLE RAMMER 6 5.08 1.223 NO. 1 C. 5
10 STOW RAM & TRAY 8 P 2.72 0.718 NO. 1 C. 9
11 LOAD PROPELLANT 9 2.82 0.509 NO. 1 C. 10
12 CLOSE BREACH 10 P 2.51 0,443 NO. 1 C. il
13 CHECK AIM 11 4.81 0.143 C.SECT. 7 o
14 PRIME 12 4.86 2.580 NO. 1 C. 12 13
15 FIRE : 13 5.70 3.128 NO, 1 C. 14
16 RECOIL -- 1.00 0.0 -- 15
17 SWAB BORE 14 8.75 3.553 NO. 1 C. 16
18 AN: NEXT 154 1.00 0,583 C.SECT. 17
19 POS'N TRAY & RaM 158 P 31.94 1.811 NO. 1 C. 18
20 AN: QUAD 16A 1.00 0.748 C.SECT. 18
21 LAY FOR QUAD 17 1.34 0.345 AST.GNR, 20
22 LAY FOR DEFL 18 1.72 0.689 GUNNER 21
23 LOAD PROJECTILE 168 p 5.39 3.368 NO. 1 C. 19 20
24 CYCLE RAMMER 19 5.67 2.329 NO. 1 C. 23
25 STOW RAM & TRAY (8/21) p 2.72 0.718 NO. 1 C. 24
26 LOAD PROPELLANT (9/22) 2.82 0.509 NO. 1 C 25
27 CLOSE BREACH (10/23) P 2.51 0.443 NO, 1 C. 26
28 CHECK AIM (11/24) 4,81 0.143 C.SECT. 22 24
29 PRIME 25 4.40 2.302 NO. L C 27 28
10 FIRE 26 5.59 2.661 NO. 1 C, 29
31 RECOIL - 1.00 0.0 .- 30
37 SWAB BORE 27 8.67 3.9552 No. 1 C. 3l
13 END -~ 0.0 0.0 -- 32

Fod o A TR AR s

dTask numbers in this rolumn refer to empirical data measuremonts
in Appentix A.
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Table 13, Input data for FDC crew.
Task Data Task Mean sD Precursor
No. Description Task3 Type (sec) (sec)b Crewmember Task(s)
1 START -~ 0.0 0.0 - -
2 CALL FOR FIRE 1 2.35 (0.547) ~-- 1
3 RETURN CFF 2 2.12 0.915 FDO 2
4 1D REG'N POINT 3l 3.16 (1.089) -- 3
S RETURN REG’N PT 4 2.26 1.202 FDO 4
6 AN: TARGT COORDS 5 6.21 (1.509) ~- 5
7 RETURN TGT CORDS 6 C 7.22 2.343 FDO 6
8 DESCRIBES TARGET 7 4,06 (2.058) - 7
9 RETURN DESCRIPTN 8 2.03 1.085 FDO 8
10 ISSUE FIRE ORDER 9 o 2.16 1.292 FDO 9
11 MESSAGE TO OBS'R 10 1.98 1.247 FDO 10
12 XMIT FIRE MIS'N 11 1.95 1.079 COMPUTER 2
13 XBAK FIRE MIS'N 12 1.33 (0.476) - 12
14 XMIT FIRE ORDER 13 1.52 0.548 COMPUTER 10 12
15 XBAK FIRE ORDER 14 1.81 (0.859) - 13 14
16 BEGIN PLOTTING 15A c 16.14 3.051 HCO 4
17 FINSH PLOT & AN: 15B c 23.00 4,348 HCO 7 16
18 RETURN RANGE 16 2.28 0.963 COMPUTER 14 17
19 AN: DEFLECTION 17 6.39 1.717 HCO 18
20 RETURN DEFL. 18 2.18 1.341 COMPUTER 19
21 REQUEST SITE 19a (o 10.16 6.627 COMPUTER 20
22 COMP & XMIT DEFL 198 C 10.16 6.627 COMPUTER 25
23 RETURN DEFL 20 1.46 (0.922) -- 15 22
24 COMP & AN: SITE  21A C 17.64 6.315 FDO 11 17
25 REPLY WITH SITE 21B c 1.00 0.359 FDO 21 24
26 COMP & XMIT QUAD 22 8.76 5.806 COMPUTER 23
27 RETURN QUAD 23 1.17 (0.460) -- 26
28 END -- 0.0 0.0 -- 27

ATask numbers in this column refer to empirical data measurements in

App

bStandzrd deviations indicated in parentheses ( ) were set to 0.0,

endix A.

making these fixed time tasks.
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Table 14. Input data for tank crew.

Task Data Task Mean SD Precursor
No. Description Task® Type (sec) (sec) Crewmember Task(s)
1 START -- 0.000 0.000 -- -
2 ACQUIRE TARGET - 0.109 0.050 T.CMDR. 1
3 ACQUIRE TARGET - 0.200 0.100 GUNNER -2 1
4 REPORT TARGET -- 1.000 0.400 GUNNER -2 3
5 SCAN REPORT AREA -- 1.500 1.000 T.CMDR. -2 4
6 SEE TARGET -- 0.100 0.050 T.CMDR. -2 5
7 TRAVERSE TURRET 1A 0.274 0.158 T.CMDR. 2 6
8 ISSUE COMMAND 13 0.274 0.105 T.CMDR. 2 6
- 9 ARM - "UP" o2 1.916 0.807 LOADER 8
10 SET COMP. 3A 0.500 0.29¢2 GUNNER &
1! ACQUIRE TARGET 3B 0.731 0.360 GUNNER 7 10
12 SELECT ROUND A 3.745 2,427 LOADER 9
13 TRACK TARGET 5A 0.592 0.421 GUNNER 11
14 LASER RANGE SB 0.592 0.421 GUNNER 13
15 CHECK RANGE 6 1.142 0.343 T.CMDR. 14
16 RANGE OK? - 0.000 0.000 T.CMDR., 15
17 ORDER: RE-LASE - 3.000 1.000 T.CMDR. -15 15
18 RE-LASE - 3.000 1.000 GUNNER -15 7
19 ORDER: MOVE OUT 7A 0.365 0.086 T.CMDR. 16 18
20 ORDER: TAKE OVER 7B 0.400 0.090 T.CMDR, 19
21 MOVE FORWARD 8A 3.603 0.354 DRIVER 19
22 GUIDE DRIVER 9A 2.023 0.619 GUNNER 20
23 ORDER: STOP 98 0.300 0.238 GUNNER 21 22
24 STOP 8B 1.000 0.186 DRIVER 23
25 COMMAND FIRE 10 2.127 0.721 T.CMDR. 24
26 FINAL LAY 11 1.288 0.584 GUNNER 25
27 PULL TRIGGER 12 1.034 0.382 GUNNER 26
28 RECOIL TIME -- 0.100 0.000 -- I 27
29 TRACK FLIGHT 14 0.500 0.289 T.CMDR. 9 27
3 TRACK FLIGHT - 0.500 0.289 GUNNER 9 27
31 REPORT IMPACT 14B 1.081 0.246 T.CMDR, -132 29
3? REPORT IMPACT -~ 1.500 0.500 GUNNER -11 30
33 RELOAD 13A P 5.682 2.712 LOADER 12 R
34 ARM - "uUPpP" 13B 0.500 0,200 LOADER 33
dTask numbers in rhis column reter to empirical data measurements

in Appendix A.
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Table 14. Input data for tank crew (continued).

Task Data Task Mean sD Precursor
No. Description Task® Type (sec) (sec) Crewmember Task(s)
35 SELECT NEXT 4 5.745 2.427 LOADER 34
36 ORDER: RE~ENGAGE 15 0.480 0.109 T.CMDR. 31 32
37 RE-LAY & LASE 16 0.968 0.205  GUNNER 36
38 CHECK RANGE 17 1.601 0.873 T.CMDR. 37
39 FINAL LAY 18 0.610 0.105 GUNNER 38
40 PULL TRIGGER 19 0.747 0.158  GUNNER 39
41 RECOIL TIME ~- 0.100 0.000 - 19 34
42 TRACK FLIGHT 21A 0.500 0.289 T.CMDR. 19 34
43 TRACK i LIGHT -- 0.500 0.289 GUNNER 19 34
44 REPORT IMPACT Z21R 0,912 0.242 T.CMDR. 47
45 RELOAD 20 P 5.699 2.262 LOADER 35 41
46 "CEASE FIRE" 22 0.401 0.071 T.CMDR. 44
47 "BACK UP" 23 0.453 0.060 T.CMDR. 46
48 START BACK 24A 31.616 C.116 DRIVER 47
49 "STOP" 24B 0.300 0.032 T.CMDR. 48
50 STOP 24C 1.000 0.061 DRIVER 49
51 END - 0.000 0.000 - 50

3Task numbers in this column refer to empirical data measurements
in Appendix A.
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Table 15. Input data for ITV-TOW crew.

Task Data Task Mean SD Precursor
No. Description Task? Type (sec) (sec) Crewmember Task(s)
1 START -- 0.0 0.0 -~ -—-
2 ALERT/GIVE ORDER 1 5.32 0.029 SQD.LDR. 1
3 ERECT LAUNCHER 2 6.36 0.594  GUNNER 2
4 SLEW TURRET 3 11.29 1.845  GUNNER 3
5 AN: SELECT & ARM 4A 0.75 0.006 SQD.LDR. 4
6 ARM 1ST MISSILE 4B 1.76 0.009  GUNNER 5
7 AN: "FIRE" 5 2.02 0.597 SQD.LDR. 6
8 FIRE/TRACK MIS'L ) P 17.37 0.843  GUNNER 7
9 GIVE 2ND ORDER 7 7.91 0.39%6 SQD.LDR. 8
10 TRAVERSE TURRET 8 4,80 1.679  GUNNER 9
11 AN: ARM MISSILE 9A 0.44 0.067 SQD.LDR. 10
12 ARM 2ND MISSILE aB 1.02 0.103 GUNNER 11
13 AN: "FIRE" 10 1.80 0.763 SQD.LDR. 12
14 FIRE/TRACK MIS'L 11 P 18.13 0.961 GCUNNER 13
15 AN: CEASE/RELOAD 12 2.17 D.639 SQD.LDR. 14
16 POSITION TURRET 13A 13.20 2.239  GUNNER 15
17 OPEN HATCH 138 3.05 1.076 LOADER 16
18 UNLOAD LEFT TUBE l4 P 3.22 0.957 LOADER 17
19 LOAD LEFT TUBE 15 p 7.61 1.791 LOADER 18
20 UNLOAD RGHT TUBE 16 P 2.06 0.381 LOADER 19
21 LOAD RIGHT TUBE 17 P 8.12 1.281 LCADER 20
22 CLOSE HATCH/"up" 18 3.24 0.981 LOADER 21
23 REARRANGE RACK 19 P 6.39 0.778 LOADER 22
24 END -- 0.0 0.0 -- 23

4Task numbers in this column refer to empirical data measurements
in Appendix A.
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APPENDIX C
- TASK SCHEMATICS

Figures 6 though 9 are the schematic representaticns of the task

lists in Appendix B.
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; APPENDIX D
BEST-FIT RESULTS

In this appendix (Tables 16 through 19), we present the Monte
Carlo results from the CREW III code for the four crews by individual
crewmember.” The fractional difference is the difference between

these results and those predicted by Eq. (9).

*The individual crewmembers are referred 'o bv the following abbrevia-
tions:

>
[
il

Assistant gunner
= Computer

fend
L]

Squad leader
Tank commander

C

CS = Chief of sect:i:on

D = Driver

F = Fire direcrion nfficer

¢ = Gunner

H = Horizonzal contrel operasor
. = Loader

S

T

(@
]




Table 16. Best-fit results for gun crew
(undegraded mission time:

103.182 s).

Crewmember Performance Mean SD Crew Predicted Fractional
G AG CcS L (s) (s) Performance by Fit Difference
0.80 1.00 1.00 1.00 103.654 9.607 0.99545 0.98972 -0.00575
1.0 0.80 1.00 ..00 105.171 9.475 0.98109 0.97477 -0.00644
0.80 0.80 1.00 1.00 105.818 8.913 0.97509 0.96312 -0.01227
0.50 1.00 1.00 1.00 106.426 10.119 0.96952 0.95136 -0.01873
1.00 0.50 1,00 1.00 114.289 11.424 0.90282 0.90867 0.00648
0.80 0.50 1.00 1.00 112.799 11.392 0.91474 0.89854 -0.01771 ———
0.50 0.80 1.00 1.00 110,656 12.026 .93246 0.92676 -0.00611
0.50 0.50 1.00 1.00 116.808 2,745 0.88335 0.86681 -0.,01872
0.30 1.00 1.00 1.00 119.403 17.929 0.864l5 0.88254 0.02128
1.00 0.30 1.00 1,00 131,091 17.151 0.78710 0.82385 0.C4669
0.80 0.30 1.00 1.00 128.766 14.542 0.80131 0.81552 0.01773
0.20 0.80 1.00 1.00 136.763 129.263 0,75446 0.78392 0.03905
0.50 0.30 1.00 1.00 133.613 15.137 0.77225 0.78929 0.02207
0.30 0.50 1.00 1.00 125.489 17.824 0.82224 0.80931 -0.,01573
0.30 0.30 1.00 1.00 133.808 14.324 0,77112 0.74133 -0.03863
0.80 1.00 0.80 1.00 109,192 9.229 0.94496 0.93222 -0.01348
1.00 0.380 1.00 0.80 123.090 12.510 0.8382¢6 0.84)68 0.00407
0.80 0.80 0.80 0.80 129.511 11.256 0.79670 0.79187 -0.00607
0.50 1.00 0,50 1.00 133.467 11.907 0.77209 0.76884 -0,00550
1.00 0.50 1.00 0.50 183.749 17.943 0.56154 0.56138 -0 ,00078
0.80 0.50 0.80 0.30 188,181 15.897 0.5483° 0,538’8 -0,01739
.50 0.80 0.50 0.80 1506.590 13.356 0.68519 0.67078 -N.02102
0.50 0.50 0.50 0,50 206.819 19.175 0.49890 0.47984 -0,03820
0.30 1.00 0,30 1.00 179.919 16.619 0.57349 n.58273 CL01610
1.00 0,30 1.00 0,30 292.827 31.478 0.35237 0.34487 -0.0.141
2.860 0.30 0.80 0.30 297.240 133.308 0.34713 0.33616 -0.03162
0,20 0.80 0,30 0.80 208.957 23.50! 0.49380 0. 40484 0,001
0.50 0.30 0.50 0,30 311.130 31.322 0.331%64 0,31223 -0 .,0%35]
0.30 0.50 0,30 0,50 242,088 18.255 0.62622 0.,40009 -0.06120
0.39 0.30 0,30 0.30 349,141 33.3:3 0.2955%3 ,27638 ~0.00Ha70
1.00 1,00 0.80 1.00 109./88 3.748 0.913983 0,9431) 0.00351
1.00 1.00 1.00 0.80 122.170 12.503 0.84458 0.86192 0.,02093
1.00 1.00 0.80 0.80 126.276 12.861 n.81711 0.81793 0.00:9)5
1.00 1.00 0.50 1.00 128.549 1.952 0.80267 0.80159 -0.001 4
1.00O 1.00 1.00 90.50 181.440 19,213 0.56848 0.59566 0.04744
1.00 1.00 0.80 0.50 183,383 19.604 0.56266 0,574% 0.02077
1.00 1.00 9.50 0.80 145.418 12.698 0.70955 0.70915 -0,00029
1.00 1.00 0.50 0.50 201,946 18.327 0.51094 0.51858 0.01496
1.00 1.00 0.30 1.C0 168.178 7.884 0.61353 0.63253 0.03097
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Table 16. Best-fit results for gun crew
(undegraded mission time:
103k.182 s) (continued).

Crewmember Performance Mean sD Crew Predicted Fractional
G AG cs L (s) (s) Performance by Fit Difference
1.00 1.00 1.00 0.30 281.705 28.332 0.36628 0.37254 0.01711
1.00 1.00 0.80 0.30 301.321 32.496 0.34243 0.36409 0.06325
1.00 1.00 0.30 0.80 183.812 11.908 0.56135 0.571366 0.02195
1.00 1.00 0.50 0.30 306.564 32,007 0,33658 0.34086 0.01272
1.00 1.060 0.30 0.50 230.123 20.680 ©0.,44838 0.44213 -~0.01393
1.00 1.00 0.30 0.30 333,926 30.359 0.30900 0.30607 -0.00947

59




e il L N aa o g oo o CRRN N e e s iR g g — D
e T D L i I

Table 17.

Best-fit results for FDC crew.
(undegraded mission time:

93.375 s).

Crewmember Performance Mean SD Crew Predicted Fractional

C H (s) (s) Performance by Fit Difference
0.80 1.00 1.00 98.055 13.402 0.95227 0.95480 0.00476
0.50 1.00 1.00 116.395 15.013 0.80223 0.83152 0.03651
0.30 1.00 1.00 156.814 24.770 0.59545 0.63306 0.061316
1.00 0.80 1.00 100.629 13.182 0.92791 0.91571 -0.01315
0.80 0.80 1.00 102.055 14.023 0.91495 0.88168 -0.03636
0.50 0.80 1.00 123.434 18.138 0.75648 0.77419 0.02342
0.30 0.80 1.00 165.834 25.010 0.56306 0.59928 0.06431
1.00 0.50 1.00 124,391 25.575 0.75066 0.74533 -0.00710
0.80 n.50 1.00 125.777 22.691 0.74239 0.72263 -0.02661
0.50 0.50 1.00 141,272 25.788 0.66096 0.64880 -0.01840
0.30 0.50 1.00 180.216 33.306 0.51813 0.52129 0.00610
1.00 0.30 1.00 167.693 31.789 0.55682 0.57271 0.02853
0.80 0.30 1.00 171.653 131.460 0.54398 0.55921 0.02801
0.50 0.30 1.00 184.069 36.961 0.50728 0.51395 0.01315
0.30 0.30 1.00 213.197 38.895 0.43798 0.43053 -0.01700
1.00 1.00 0.80 102.417 11.930 0.91171 0.89700 -0.01614
0.80 1.00 0.80 107.952 12.956 0.86497 0.86433 -0.00074
0.50 1.00 0.80 123.335 17.6538 0.75708 0.76078 0.00488
0.30 1.00 0.80 162.743 24,930 0.57376 0.59121 0.03041
1.00 0.80 0.80 115.333 17.410 0.80%961 0.383065 0.025992
0.80 0.80 0.80 117.738 16.379 0.79307 0.80256 0.01196
0.50 0,80 0.80 131.901 16.900 0.70760 0.71251 0.00695
0,30 0.80 0.80 168.845 25.147 0.55302 0.56164 0.01558
1.00 0,50 0.80 137.610 21.255 0.67855 0.68799 0.,01391
0.80 0.50 0.80 136.008 18.057 0.68654 0.66860 -0,02613
0.50 0.50 0.80 144,619 22.038 0.64566 0.60491 -0.06311
0.30 0.50 0.80 186.496 30.659 0.50068 0.49258 -0.01619
1.00 0.,3C 0.80 176.535 32.935 0.52893 0.53824 0.01760
0.80 0.30 .80 184.951 36.285 0.50486 0.52630 0.04246
0.50 0.30 0.80 189.537 36.164 0.49265 0.48602 -0.01345
0.30 0.30 0,80 221,583 42.459 0.42140 0.41076 -0.02526
1.00 1.00 0.50 133.984 15.341 0.69661 0.69054 -0.00914
0,80 1.00 0.50 138.912 14,346 0.67219 0.67102 -0,00174
0.50 1.00 0,50 150.724 15.297 0,.61951 0.60689 -0.02038
0,30 1.70 0.50 184.610 25.399 0.50580 0.49388 -0,02355
1.00 .80 0.50 145.915 16.508 0.63993 0.65054 0.01659
0.80 0.80 0.50 145.589 18.634 0.H4136 .63318 -0.01275
.50 0,80 0.50 156.9/8 20.520 00,5948} 0.57577 -0.03204
n.10 0.80 0.30 189,092 24.921 0.49381 0.47308 -0.0410918
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Table 17. Best-fit results for FDC crew
(undegraded mission time:
(93.375 s) (continued).

Crewmember Performance Mean SD Crew Predicted Fractional
F c H (s) (s) Performance by Fit Difference
1.00 0.50 0.50 171.036 23.184 0.54594 0.55965 0.02512
0.80 0.50 0.50 167.775 21.257 0.55655 0.54676 ~0.01759
0.50 0.50 0.50 177.242 24,738 0.52682 0.50341 -0.04443
.30 0.50 0.5 202.601 27.660 0.46088 0.42311 -0.08195
1.00 0.30 0.50 212.758 41.553 0.43888 0.45637 0.03985
0.80 0.30 0.50 209.611 33.765 0.44547 0.44776 0.00514
0.50 0.30 0.50 220.650 37.541 0.42318 0.41826 -0.01162
0.30 0.30 0.50 237.129 40,228 0.39377 0.36129 -0.08249
1.00 1.00 0.30 199,124 21.458 0.46893 0.49128 0.04767
0.80 1.00 0.30 202.856 22.735 0.46030 0.48132 0.04566
0.50 1.00 0.30 208.158 23.009 0.44858 0.44741 -0.00261
0.30 1.00 0.30 225.230 26.479 0.41458 0.38283 -0.07657
1.00 0.80 0.30 205.803 22.368 0.45371 0.47069 0.03743
0.80 0.80 0.30 207.053 21.473 0.45097 0.46154 0.02343
0.50 0.80 0.30 214.312 27.083 0.43570 0.43027 -0.01246
0.30 0.80 0.30 239.124 29.276 0.39049 0.37021 -0.05192
1.00 0.50 0.30 227.842 27.096 0.40982 0.42120 0.02776
0.80 0.50 0.30 231.984 31.477 0.40251 0.41385 0.02819
0.50 0.50 0.30 238.886 27.625 0.39088 0.38853 -0.00600
0.30 0.50 0.30 254.987 36.194 0.36620 0.33889 ~0.07456
1.00 0.30 0.30 270.894 34.346 0.34469 0.359%0 0.04412
0.80 0.30 0.30 281.183 44.969 0.33208 0.35452 0.06758
0.50 0.30 0.30 279.526 45.571 0.33405 0.33578 0.00517
0.30 0.30 0.30 290 .646 139.646 0.32127 0.29805 -0.07228
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Table 18. Best-fit results for tank crew
(undegraded mission time:

28.062 s).
Crewmember Performance Mean SD Crew Predicted Fractional
TC G L D (s) (s) Performance by Fit Difference
0.80 1.00 1.00 1.00 29.269 3.447 0.95876 0.97058 0.01232
1.00 0.80 1.00 1.00 28.129 13.209 0.99762 0.97807 -0.01960
0.80 0.80 1.00 1.00 30.154 2.902 0.93062 0.92338 -0.00778
0.50 1.00 1.00 1.00 33.957 3.489 0.82640 0.82517 -0.00149
1.00 0.50 1.00 1.00 33.567 3.986 0.83600 0.84226 0.00749
0.80 0.50 1.00 1.00 35.255 3.659 0.79597 0.80139 0.00680
0.50 0.80 1.00 1.00 35.574 3.889 0.78883 0.79080 0.00250
0.50 0.50 1.00 1.00 40.308 4,510 0.69619 0.69960 0.00489
0.30 1.00 1.00 1.00 42.989 4,989 0.65277 0.65170 -0.00164
1.00 0.30 1.00 1.00 41.624 6,690 0.67418 0.66757 -0.00981
0.80 0.30 1.00 1.00 44,522 6.196 0.63030 0.64163 0.01799
0.20 0.80 1.00 1.00 56.800 6.425 0.49405 0.50250 0.01710
0.50 0.30 1.00 1.00 49.791 6.321 0.56360 0.57468 0.01967
0.30 0.50 1.00 1.00 50.158 5.374 0.55947 0.57079 0.02023
0.30 0.30 1.00 1.00 59.920 7.150 0.46832 0.48481 0.03521
0.80 1.00 0.80 1.00 31.113 5.100 0.90194 0.90350 0.00173
1.00 0.80 1.00 0.80 30.269 2.751 0.92709 0.90876 -0.01977
0.80 0.80 0.80 0.80 34.007 4,068 0.82518 0.80812 -0.02068
0.50 1.00 0.50 1.00 43.562 10.171 0.64419 0.64829 0.00637
1.00 0.50 1.00 0.50 41.343 4,524 0.67876 0.66685 -0.01754
. 0.80 0.50 0.80 0.50 44.862 6,059 0.62552 0.61101 -0.02319
; 0.50 0.80 0.50 0.80 44.430 8.751 0.63160 0.59767 -0.05372
i 0.50 0.50 0.50 0.50 53.471 8.504 0.52481 0.48255 -0.08053
; 0.30 1.00 0.30 1.00 64,747 15.327 0.43341 0.41940 -0.03232
pe 1.00 0.30 1.00 0.30 A0.571 6.247 0.46329  0.44828 -0.03112
g 0.80 0.30 0.80 0.30 64.655 7.502 0.43403 0.42286 -0.02572
] 0.20 0.80 0.30 0.80 75.645 16.959 0.37097 0.34271 -0.07619
%: 0.50 0.30 0.50 0.30 73.515 8&.361 0.38172 0.35707 -0.06456
% 0.30 0.50 0.30 0.50 74.042 12,731 0.37900 0.34315 -0.09458
% 0.30 0.30 0.30 0.30 92.668 14,796 0.30282 0.27455 ~-0.09338
& 1.00 1.00 0.80 1.00 29.669 13,953 0.94584 0.95579 0.01052
% 1.00 1.00 1.00 0.80 29.127 2.757 0.96344 0.95443 -0.00935
'%u 1.00 1.00 0.80 0.80 31.219 4.046 0.89888 0.88949 -0.01044
%‘ 1.00 1.00 0.50 1.00 37.789 8.959 0.74260 0.76899 0.03554
@‘ 1.00 1.00 1.00 0,50 36.257 5.445 0.77397 0.77999 0.00778
%‘ 1.00 1.00 0.80 0,50 138.315 4,906 0.73240 0.73608 0.00501
%, 1.00 1.00 0.5C 0.80 39,167 10.617 0.71647 0.72548 0.01258
%? 1.CO0 1.00 0.50 0.50 44.562 7.492 .62973 0.62008 -0.01533
& 1.00 1.00 0.30 1.00 53.948 16.740 0.52017 0.54955 0.05649
: 1.00 1.00 1.00 0.30 48,399 4,738 0.57981 0.58838 0.01479
1.00 1.00 0.80 0.30 50.247 5.262 0.55848 0.56304 0.00816
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Table 18.

Best-fit results for tank crew
(undegraded mission time:
28.062 s) (continued).

Crewmember Performance Mean SD Crew Predicted Fractional
TC G L (s) (s) Performance by Fit Difference
1.00 1.00 0.30 0.80 52.559 12.942 0.53391 0.52697 -0,01301
1.00 1.00 0.50 0.30 55.807 8.206 0.50284 0.49256 ~-0.02045
1.00 1.00 0.30 0.50 60.075 16.473 0.46712 0.46905 0.00414
1.00 1.00 0.30 0.30 68,389 15.890 0.41033 0.39224 -0.04409
0.90 1.00 1.00 1.00 27.814 3.002 1.00892 1.00000 -0.00884
0.80 1.00 1.00 1.00 28.817 3.499 0.97380 0.97058 -0.00331
0.70 1.00 1.00 1.00 130.011 3.638 0.93506 0.93148 -0.00382
0.60 1.00 1.00 1.00 132.005 5.784 0.87680 0.88402 0.00823
0.50 1.00 1.00 1.00 34.209 3.629 0.82031 0.82517 0.00592
0.40 1.00 1.00 1.00 137.263 3.822 0.75308 0.75026 -0.00374
0.30 1.00 1.00 1.00 42.925 4.607 0.65374 0.65170 -0.00312
0.20 1.00 1.00 1.00 54.915 6.985 0.51101 0.51615 0.01007
0.10 1.00 1.00 1.00 91.753 14.124 0.30584 0.31793 0.03952
1.00 0.90 1.00 1.00 27.957 3.207 1.00376 1.00000 -0.00374
1.00 0.80 1.00 1.00 28.319 2.977 0.99092 0.97807 -0.01297
1.00 0.70 1.00 1.00 29.723 3.112 0.94412 0.94266 -0.00154
1.00 0.60 1.00 1.00 31.247 3.455 0.89807 0.89855 0.00054
1.00 0.50 1,00 1.00 33.858 4.465 0.82881 0.84226 0.01622
1.00 0.40 1.00 1.00 36.448 4.839 0.76992 0.76830 -0.00211
1.00 0.30 1.00 1.00 43.332 7.335 0.64760 0.66757 0.03083
1.00 0.20 1.00 1.00 52.941 8.038 0.53006 0.52424 -0.01098
1.00 0.10 1.00 1.00 91.170 14,283 0.30780 0.31029 0.00809
1.00 1.00 0.90 1.00 28.505 4.193 0.98446 0.99684 0.01258
1.00 1.00 0.80 1.00 28.947 4.132 0.96943 0.95579 -0.01407
1.00 1.00 0.70 1.00 30.769 4.567 0.91202 0.90607 -0.00652
1.00 1.00 0.60 1.00 33.068 6.157 0.84862 0.84504 -0.00421
1.00 1.00 0.50 1.00 35.749 8.215 0.78497 0.76899 -0.02036
1.0 1.00 0.40 1.00 4l.624 9.507 0.67418 0.67278 -0.00207
1.00 1.00 0.30 1.00 55.140 16.834 0.50892 0.54955 0.07983
1.00 1.00 0.20 1.00 76.463 22.704 0.36700 0.39120 0.06595
1.00 1,00 0.10 1.00 132.740 44.313 0.21141 0.19391 -0.08274
1.00 1.00 1.00 0.90 28.310 13.580 0.99124 0.99561 0.00441
1.00 1.00 1.00 0.80 29.879 3.262 0.93919 0.95443 0.01623
1.00 1.00 1.00 0.70 31.282 13.160 0.89707 0.90622 0.01020
1.00 1.00 1.00 0.60 33.192 3.494 0.84544 0.84900 0.00420
1.00 1.00 1.00 0.50 36.114 3.504 0.77704 0.77999 0.00380
1.00 1.00 1.00 0.40 41.305 4.185 0.67939 0.69516 0.02322
1.0 1,00 1.00 0.30 49,094 4.714 0.57160 0.58818 0.02936
1.00 1,00 1.00 0.20 64.482 7.109 0.43519 0.44993 0.03387
1.00 1.00 1.00 0.10 109,445 11.716 0.25640 0.26346 0.02753
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Table 19. Best-fit results for ITV-TOW Crew
(undegraded mission time:

157.824 s).

Crewmember Performance Mean SD Crew Predicted Fractional
SL G D8 L (s) (s) Performance by Fit Difference
0.80 1.00 1.00 1.00 162.926 4.935 0.96869 0.96960 0.00094
0.50 1.00 1.00 1.00 177.587 5.522 0.88871 0.88690 -0.00204
0.30 1.00 1.00 1.00 205.723 5.816 0.76717 0.76817 0.00131
1.00 0.80 1.00 1.00 176.789 5.384 0.89273 0.89306 0.00037
0.80 0.80 1.00 1.00 180.935 5.678 0.87227 0.86854 -0.00428
0.50 0.80 1.00 1.00 196.637 5.682 0.80262 0.80159 -0.00128
0.30 0.80 1.00 1.00 223.738 7.682 0.70540 0.70334 -0.00292
1.00 0.50 1.00 1.00 234.026 8.866 0.67439 0.67497 0.00086
0.80 0.50 1.00 1,00 239.131 8.59%4 0.65999 0.66087 0.00133
0.50 0.50 1.00 1.00 254,489 9,256 0.62016 0.62138 0.00197
0.30 0.50 1.00 1.00 281.568 10.536 0.56052 0.56067 0.00026
1.00 0.30 1.00 1.00 337.737 14.396 0.46730 0.46968 0.00509
0.80 0.30 1.00 1.00 341.848 14,035 0.46168 0.46281 0.00245
0.50 0.30 1.00 1.00 353.790 15.868 0.44610 0.44309 -0.00674
0.30 0.30 1.00 1.00 384,025 15.719 0.41097 0.41133 0.00086
1.00 1.00 1.00 0.80 166.522 5.424 0.94777 0.94837 0.00064
0.80 1.00 1.00 0.80 171.849 5,230 0.91839 0.92077 0.00260
0.50 1.00 1.00 0.80 186.606 6.219 0.84576 0.84588 0.00014
0.30 1.00 1.00 0.80 213.642 6.392 0.73873 0.73720 -0.00207
1.00 0.80 1.00 0.80 184.608 6.093 0.85491 0.85147 -0.00403
0.80 0.80 1.00 0.80 190.765 5.519 0.82732 0.82915 0.00221
0.50 0.80 1.00 0.80 205.345 6,459 0.76858 0.76792 -0.00085
0.30 0.80 1.00 0.80 234.372 6.348 0.67339 0.67728 0.00578
1.00 0.50 1.00 0.80 242.031 9.018 0.65208 0.65094 -0.00175
0.80 0.50 1.00 0.80 248.679 8.452 0.63465 0.63782 0.00499
0.50 0.50 1.00 0.80 264.326 9.542 0.59708 0.60096 0.00649
0.30 0.50 1.00 0.80 290.175 8.912 0.547189 0.54398 0.00017
1.00 0.2 1.00 0.80 345.089 14,501 0.45734 0.45792 0.00125
0.80 0.30 1.00 0.80 349.241 15.16l 0.45191 0.45138 -0.00116
0.50 0.30 1.00 0.80 366.428 16,578 0.43071 0.43261 0.00440
0.30 0.30 1.00 0.80 392.880 15,756 0.4017" 0.40228 0.00141
1.00 1.00 1.00 0,50 192.296 7.700 0.82073 0.82218 0.00177
0.80 1.00 1.00 0.50 196.299 6.867 0.80400 0.80136 -0.00328
0.50 1.00 1.00 0,50 212.653 7.363 0.74217 0.74402 0.00250

ANo variation in driver performance.
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Table 19. Best-fit results for ITV-TOW crew
(undegraded mission time:
157.824 s) (continued).

Crewmember Performance Mean SsD Crew Predicted Fractional
SL G pd L (s) (s) Performance by Fit Difference
0.30 1.00 1.00 0.50 239.250 7.978 0.65966 0.65862 -0.00157
1.00 0.80 1.00 0.50 210.520 7.340 0.74969 0.74835 -0.00179
0.80 0.80 1.00 0.50 215.862 8.208 0.73113 0.73105 -0.00011
0.50 0.80 1.00 0,50 231.317 8.797 0.68228 0.68304 0.00110
0.30 0.80 1.00 0.50 258.199 9.577 0.61125 0.61038 -0.00142
1.00 0.50 1.00 0.50 267.275 9.079 0.59049 0.58890 -0.00270
0.80 0.50 1.00 0.50 273.892 9.744 0.57622 0.57814 0.00332
0.50 0.50 1.00 0.50 288.085 10.372 0.54784 0.54769 -0.00027
0.30 0.50 1.00 0.50 314.944 10.910 0.50112 0.49997 -0.00229
1.00 0.30 1.00 0.50 369.950 14.509 0.42661 0.42632 -0.00067
0.80 0.30 1.00 0.50 370.212 14.026 0.42631 0.42065 -0.01326
0.50 0.30 1.00 0.50 391.071 14.022 0.40357 0.40430 0.001381
0.30 0.30 1.00 0.50 417.531 16.399 0.37799 0.37769 -0.00081
1.00 1.00 1.00 0.30 238.261 10.797 0.66240 0.66727 0.00736
0.80 1.00 1.00 0.30 240.860 11.032 0.65525 0.65349 -0.00269
0.50 1.00 1.00 0.30 256.597 10.614 0.61507 0.61485 -0.00035
0.30 1.00 1.00 0.30 283.046 12.202 0.55759 0.55534 -0.00403
1.00 0.80 1.00 0.30 255.373 9.775 0.61801 0.61780 -0.00034
0.80 0.80 1.00 0.30 259.813 8.873 0.60745 0.60597 -0.00244
0.50 0.80 1.00 0.30 276.243 9.695 0.57132 0.57260 0.00224
0.30 0.80 1.00 0.30 304.458 12.528 0.51838 0.52065 0.00438
1.00 0.50 1.00 0.30 311.031 10.873 0.50742 0.50494 -0.00490
0.80 0.50 1.00 0.30 318.653 11.660 0.49528 0.49701 0.00347
0.50 0.50 1.00 0.30 331.547 11.507 0.47602 0.47433 -0,00355
0.30 0.50 1.00 0.30 360.829 12.542 0.43739 0.43812 0.00166
1.00 0.30 1.00 0.30 413.889 16.507 0.38132 0.38052 -0.00211
0.80 0.30 1.00 0.30 417.046 15.533 0.37843 0.37599 -0.00645
0.50 0.30 1.00 0.30 433.200 17.662 0.36432 0.36287 -0.00397
0.30 0.30 1.00 0.30 465.502 18.800 0.33904 0.34129 0.00664

8No variation in driver performance.
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APPENDIX E
SELECTED PLOTS OF CREW PERFORMANCE VERSUS CREWMEMBER PERFORMANCE:

This appendix contains graphs (Figs. 10 through 13) of crew
performance as a function of individual crewmember performance for the
four crew types.® Each graph is a "slice” through the four-
dimensional performance surface given by Eq. (9). In each case the
performance level of two crewmembers is held constant at the values
indicated on the graph. The performance level of a third crewmember is
the independent variable. ranging from 1 to 0. The four curves cor-
respond to performance levels of 0.3, 0.5, 0.8, and 1.0 for the fourth

crewmember whose svmbol does not appear in the frame.
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these plots, the crewmember titles are abbreviated as:
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=]

Assistant gunner

Computer

Chief of section

Driver

Fire direction officer
Gunner

= Horizontal control operator
= Loader

= Squad leader

= Tank commander
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Figure 10. Final performance plot for gun crew,
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Figure 10. Final performance plot for gun crew (continued).
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Final performance plot for gun crew (continued).
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Figure 10,
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Figure 10, Final performance plot for gun crew {(continued).
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Figure 10. Final performance plot for gun crew (continued).
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Figure 10. Final performance plot for gun crew (continued).
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Final performance plot for gun crew (continued).

Figure 10.
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Figure 10. Final performance plot for gun crew (continued).
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Figure 11. Final performance plot for FOC crew.
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Figure 11. Final performance plot for FDC crew (continued).
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Figure 11. Final performance plot for FOC crew (continued).
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Figure 12.
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Figure 12. Final performance plot for tank crew (continued).
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Figure 12,

85

ik R B PR




&

P I T e St s S S A SR R "“":‘JM,”"‘K’;”%'F“*N’EW%«&W?% " ; :»31’@-}

M60A3 TANK CREW FRAME ¢ OF 12

0.50 1 L:
1.00 | D:

or

et Ty

Figure 12. Final performance plot for tank crew (continued).
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Figure 12. Final performance plot for tank crew (continued).
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Final performance plot for tank crew (continued).
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Final performance plot for tank crew (continued).
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Final performance plot for tank crew (continued).
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Figure 12. Final performarce plot for tank crew (continued).

93




T S B

M60A3 TANK CREW FRAME i2 57 12
i T: 0.50 i 7 T: 050 T: 0.50
G: 1.00 G: 0.80 G: 0.50
A - .
3 4 ® J
P P P 3
- | f
J 1 Y T v T T T : J“':_" T
i 9(3? o/ i p(D,‘ o] i oD J
1

o] : - : T : v : ; ;
' o (D" o] 1 o (D J i oD <
., s T: 1.00
) G: 0.50

T T v . ' v .
o (D) 1 o (D' e

Figure 12. Final performance plot for tank crew (continued).
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Figure 13.
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Figure 13. Final performance plot for ITV-TOW zrew (continued).

97




0% 12

FRAME 4

TOW-ITV CREW

-TOW crew (continued).

Final performance plot for ITV

Figure 13.

98




TOW-ITV CREW FRAME 5 OF 12

' ' ] 11 ' ] . 1 ‘ 3
i o (6) J i p (G) 3

)
ow
o
co

QO =4

+ T T — v v T 1 T
i o (G) o) 1 p (C) 0

Figure 13. Final performance plot for ITV-TOW crew (continued).
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Figure 13.
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Figure 13.
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Figure 13. Final performance plot for ITV-TOW crew (continued).
104




TOW-ITV CREW ERAME 1; 3F 12

T 7 7 0= 1 T T
e (DY 0 i p (D

Rl UV S B

[& 28

; L. T

S: 1.00 -
L-

}\ P 100, 0.80 .,-.\
T !

e —————

-
t
'

b
-

-
(&)
- —t L

ol

i

{
1 T ] 0 R 11 T V R
o (D) 0 | o (D

o-
o
o

Figure 13. Final performance plot for ITV-TOW crew (continued).
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APPENDIX F
CREW PERFORMANCE DATA

Performance as a function of dose and time is tabulated for the
four crews in Tables 20 through 23. The times range from 0.2 h to
1258.93 h, and the doses range from 61.1 to 4529.9 rads.
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APPENDIX G
THREE-DIMENSIONAL PLOTS OF PERFORMANCE OVER DOSE AND TIME

a. Gun crew.

Percant performance

b. FOC crew.

Percont performance
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¢. Tank crew.
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d. ITV-TOW crew.
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APPENDIX H
CONTOUR PLOTS OF PERFORMANCE OVER DOSE AND TIME

(10 PERCENT PERFORMANCE INTERVALS)

a. Gun crew.
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b. FDC crew.
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Tank crew.

c.
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ITV-TOW crew.
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