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TeU._S. Army Research Institute For the Behavioral and Social

Scier.zes is currently conducting_ a research program to develop a nethod
and c'b:a-_n the data required to evaluate the ability of weapons crews to
maintin their performance over the course of extended, continuouls opera-
tions. Tfhe basic approach involves tieveloping a computer-based mnodel which
.wi~ll melA' modifications of selected industrial "methods ?o-gineering" tech-
nique< -with appropriate human performance data in order to predict crew
performance without the need to create, train and measure each. crew Gtruc-
,ture s=iternatilve in simulated battle conditions.

* The approach involves creating a computer-based model which will simvu-
late a crew performing all, or selected portions of, the taskts required to
ooerate t* e system being studied. The trodel operates with inpitts r.st
ing tasks and task times and, when such data become available, it wLIl con-.
tain tab'.."es defining the performance decrements wihich are expected to occur
durin- ex-ended operations. Two portions of the project have been con-
pleted to date. A crew simulation model has been developed and a task and
task tiza library has been compiled for MIO9AI howitzer sections (1, 2).
Progress has also been made on a literature review being conducted to de-

C termine what data are available for use in developing perform.ance decro-C3 ment tables.

LU Tm uturt! battles howitzer crews will likely be required to operate
-iaround- t--- clock for periods of up to eight days. During these periods

crews 1will move as often i- 6 to 12 times a day and fire at rates varving7
from 125; to 500 rounds per 24 hour period. Figure 1 shows a fire rate by

Sday of 'battle estimate which has been used in past Field Artiller- School
presem:3ations of a first battle in Europe scenario. In estimatin.7 the

iiný- moves, it was assu-med that on the average a howitzer would rove
once rrevery 50 rounds fired, as the result of repositioning required
either because of changes in the locatlbbn of the Forward Edge of the Battle
Area (Y~)or because of relocations to avoid count-erf ire. in the projcc-
ted scnro the section will f ire 2060 -rounds and i-.oveA 41 ti'mes -duringLDISTRIBUTION STATEMENT A
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Figure i. Estimated firing rate per six hour period and moves per day for
a potential first battle in Europe scenario.

*In rotnds per howitzer per day. Moves per day.

the e-'•e . day battle. Can a ten man howitzer crew do this and if so, how
shoUl -he crew workload be assigned in orer tc beýs accomplish i`. These
are the questions that the research program, reported here in part, seeks
to answer.

ASSIU.?¶TIONS UNDERLYING THE MODEL

In order to model crew structures and analyze a crew's ability to with-
stand !_he demands of the extended, continuous battle we found it necessary
to address first the various kinds of tasks which a howitzer crew must per-
form. -.;e considered three parameters: the type of task, the purpose of
the task and the impact of the task on the section's resources. The classi-
fication scheme describes tasks as discrete or level-of-effort, fighting or
support, and expending or replenishing. Replenishment tasks either re-
plenish resources or reduce risks.

A -!zrete task is one that has a start and stop pc nt and is limited
.by the task itself in terms of the number of persons who can work on it. An M
exam-)e is selecting a fuze and putting it on the projectile. Such tasks
are variable in the time it takes to perform them and when the task is over
the crea" -member is free to go on to another task. If discrete tasks are
performed slowly, or if task sequences are performed slowly because of poor,
task sequence arrangement, the affected crew members are not free to go on
to other tasks. Discrete tasks can be performed more rapidly with effec-
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.tive training and they.lend themselves to rearrangement to improve the
crew effectiveness. Level-of-effort (LOE) is applied to all tasks which
are not considered as discrete. This category includes such activities as
standing guard, preparing defensive positions and sleeping.

The reason for the discrete vs level-of-effort task distinction is to
.. . simplify the model. The tasks we. have classified _as _discrete lend them-

selves to analysis by the modeling approach we have adopted. Discrete tasks
can be assigned in different orders and to different crew members; they can;

. •- be evaluated individually to determine, the effects of various parameters,
such as training or fatigue; and. theyvareall involved in crew processes in
which :he quicker they are properly Performed the better the crew performs.
LOE ":sks are a scheduling problem rather than a crew structure problem.
LOE :=sks tend to take longer to perform, do not lend themselves to a
"quicker ifsbetter,_sowe shouldtrain. to perform them faster" aoproach and

. ' usualV!'- hae littleor._no room for being speeded up by a more efficient
method.

:= developing a rationale for our model we have also considered which
of two purposes a task serves. Fighting tasks include all those tasks
which nust be performed when a howitzer section is emplaced, fired, or
march-or-dered (e.g., loading a projectile). Support tasks are all the
tasks not classified as fighting tasks. Support tasks are performed in
order to maintain the ability of the section to continue to perform its
fighting tasks (e.g., ammunition resupply).

Finally, tasks may be considered in terms of their impact on the sec-
tion's resources. The fighting tasks all expend resources, e.g., firing
uses a,:unition, moving uses fuel and men get tired. Support tasks, on the
other hand, are intended to restore or conserve resources; hence, they
either ->reenish resources expended as the section moves and fires, or they
v'educE zhze risk that the section will be placed in a position where its
resourzas will be unnecessarily expended.

T'he task categories provide a basis for considering the tasks of a
howitzer crew in a series of steps rather than in a single stage. Thus, in
modelin- a crew, and in actual operations, deciding if a crew can perform
adequately can be answered by determining first if they fight the howitzer
adeauaý:ay and then if they have time to perform the necessary support
tasks. Once this baseline has been established, performance during ex-
tended, continuous operations can then be considered.

T hree of the four task sequences involved in fighting a howitzer--em-
placement, firing, and march-order--are composed almost entirely of dis-
crete tass. The fourth sequence, the in-transit phase, is composed mostly
of L.O tasks. It is feasible, therefore, to model the set-up, firing and
march-order sequences and evaluate how wel .differentcrew arrangements

...................................
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"meet time standards for performing these phases. This approach makes soeed
of performance a measure of a crew's ability to perform the task sequences
involved in fighting the section. (Errors are taken into account by their
effects on speed. when errors are made, they must be corrected before pro-:
ceeding, hence speed suffers.)

The number of pe~rsons not assigned to_ fighting duties determines the
amount of time available for performing support functions. Judgments must
be made concerning the priority of the various replenishment and risk re-
*duction tasks in order to assign the available personnel most efficiently.
How well a crew structure meets the.support task requirements is then mea-
sured by matching the support task man-hour requirements to the man-hours
the crew structure provides to attend to them.

A :rew structure is adequate when i to meets the-_time. standards for
figh::_r. task sequences and provides enough man-hours for the required sup-
port ::;cs. Structures that do not fully meet these requirements become
Aincrea-'ngly inadequate as a function of both the lack of adequate support
man-hours and the additional time required to perform the fighting tasks.
Selec-i:fn between sub-optimal alternatives for actual operations is a pro-
blem tnhat requires the kinds of data that the Crew Performance Model can
provid4e.

The present standard crow operating procedure is defined in Technical
Manual 9-2350-217-iON (3). The procedure indicates that ten men emplace a
howitzer section, eight fire it, nine march-order It and either nIne or ten.-
men arct in-transit as the section moves between locations. T'his operating
procedur-e provides little manpower for assignment to support dutiet. For
instance, when the gun is firing, only two persons are available for sup-
port duties. Thus, if a section were to remain in one location for an en-
.tire da:, 48 man-hours (2 X 24) would be available for support duties.
Since four hours sleep per man each day is a minimal support function, 40
of these 48 hours would be required just to provide the crew with mini.al
rest.

Table 1 is a list of support tasks classified as replenishment or risk,
redu,"in-. The task times were obtained costly from doctrine requirements
and :• ý Artillery School documents. Table I shows that support require-
ments es3ily exceed 129 man-hou:s per day. Thus, the support tasks which
mus- :e performed if a howitzer section is operated around the clock and
accor/'in to doctrine will almost certainly exceed the afility of the crew
to pefrm them. For that reason Section Chiefs continually face a series
of trade-oFfs: They must first decide how many people can be removed from
the fighting tasks; they must then eva4uate the situacion and set priori-
ties on the replenishment and risk reduction duties required to support the
sectico and batter%; finally they must schedule the available support man-
powe!r to perform, the most essential support tasks.
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"-"�"..... ... ~Table'-i .

List of Replenishment and Risk Reducing Support Tasks
and Selected Estimates of Performance Time

Estimated Time in >Mn-'1oursfDa7

Replenishment Tasks

a. Replenish ammunition (500 rds) 16.0
b. Replenish POL 1............... . 1.0
c. Non-scheduled maintenance------ 4.0
d. Sleep 40.0
e. 5-pi1y SGT duty 6.0
f. ?• rsonal maintenance 4.0

.. o Ai, hygiene, o-dy unctionseapons
an d gea r) -......... .... ......... ..... . ... .

g. Tien-iify and prepare new firing positions 12.0

Risk Reduction Tasks

a. Pre"'ntative maintenance 1.0
b. Par4meter defense/early warning 20.01
c. Guard nuclear a=munition 5.02
d. Pre~are supplementary positions N/A
e. Prt-._are latrines, sleep areas, etc. N/A
E. .-- •Tive positions N/A
g. Ca--v.if lage N/A
h. S : ens N/A
i. Fzdxh oles N/A
j. Cr-w-served weapon positions N/A

Involuntary Downtime while Moving 20.0

Total of Estimates 129.0

Irhi3 assuxmes two guards at each of four stations with the battery opera-

ting a_4 -an eight-gun unit. If the battery were operating as two four-gun
uni., :-is figure would be 40.0.
2 Tis l.,'d be 10 man-hours/day if th., battery were operating as two four-

gun uns and both units had nuclear a---unition.

NOTE: N/A indicates time estimates for, these tasks were not available.

5-
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• STRUCTUREOF THE CREW -PERFO.NCE-"ODEL .

The ARI Crew Performance 'Model was developed to assist the Section
Chief--or the- system developer if the system is not yet fielded--in answer-

,ing such questions as how to structure a crew to deal effectively with both!
fighting and support func.-f:ons under a variety of conditions. The mo.deling
approach we use takes int" account the tasks to be performed, the order of
performance, the time it r:akes to. perform each-task,-- and -the number of men
doing those tasks. The model consists of a task library, an input program,
'and the software to handle that information.

T-e task library contains-the-tasks-and-subtasks which must be perform-
ed by- the members of an M109Al-howitzer-section. (A task library could be
buil- for any system, provided the discrete tasks making up that system can
be defized.) Each task is narrowly defined, has minimum, average, and maxi-
mum c'--=.!e'tion times; -and- takes"into'-account-any-requt-s "te--or-concu •rent ---
taska" 'achlibraryentry-alno-has-a--task-type code, a probability of per-
form.anze value and an indication of how the time data were obtained. The
forma: for task library entries is shown in Figure 2, Part A. Entries were
obtained from appropriate documentation, discussions with subject matter
exper:s and videotapes of two IlI Corps howitzer crews in operation. For
the !a-_er, each crew emplaced their section, fired three rounds and march-.
ordered; this cycle was performed four times. Thus, our times are generally
based on eight trials for emplacement and march-order tasks and 24 trials
for firing tasks.

In order to use the model, the user-whether Section Chief or system
developer--needs to specify the number of persons to which tasks will be
assigned and then assign the tasks in the order each crew member will per-
form them. An example of an input sequence is shown in Part B of Figure 2.
The main 7regram then simulates the number of iterations specified and
provides the output shown in Part C of Figure 2.

USING THE MODEL

Ihe nodal has been used to determine the effects of various crew sizes/
task assi--n, nns on the performance of howitzer sections. The base case is
the 17---7 ,ize/'task structure as presented in the TM. For variations of
those structures, we deleted men and assigned their tasks to the remaining
men inzlh a way that those crewmen who were not very busy tended to as-
sume 7Z-3: 0o the tasks, particularly those which were logically consistent
with l:ir current positions. The results of several runs are shown in
Figure "-. The figure shows completion times and percentages of crew mem-
ber id.e time for units of different sies performing fighting task se-
quences. In the figure, completion time is expressed as a percentage of

.the ,edian time the model calculated for a full ten man crew performing the
task sequences according to the Technical Manual.

..
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•- -• •A .. . . . . .. ... .... .TASK LiBRARY ENTRY .. ... .... ........... ... .... . ... ....

123 456 789 2.0 3.0 4.5 TT.PPP S
AN ILLUSTRATION OF A TASK SHOWING ALL VARIABLES

B CREW TASK/STRUCTrRE INPUT

1 400 "402 404- 406 .408 .410Q 412 650"-652--654
2 555 556 557
3 558 559
4 502 504 507 508' 510 512.. 600- 602 516
5 454 452 456468---472--45r 458---4-65 471 473

MODEL OUTPUT

.COMPLETION TI-rS., FASTEST-O 'SL0:EST'_ EVERY-I0TH-PECENTILE
.. 3.016'1 1'52.3820161.54-3.166.9992--172.9557 177.7338 183.3907

L3. 7629 197.0742 203.3185 230.5410

C.,IYICAL MAN 1 0 2 0 3 0 4 0 5 200

7Z2. TIME 1 75.6 2 90.4 3 91.0 4 66.1 5 18.0

F•,±,re 2. Examples of task library entries, model input, and model
output.

Fiure 3 shows that reducing from ten to six the number of men assign-
ed to set-up and boresight has only a small effect on completion time. This
is bec-ause the improved efficiency of assigned crew members generally com-
pensates for the lesser number of men. The si:ý man unit is on the average
only 5Y slower than a ten man unit, but as unit size is further reduced to
five the time penalty increases to 11.0%. Neither increase in completion
ti;me a::ears substantial given the corresponding increased availability of
support 7ersonnel.

Datz in Figure 3 also indicate that a reduction from eight to five mer-
during firing adds a first-round firing time penalty of 8.6% per mission
but pr =ides five men to perform support duties. Further reducing the
fighntin; unit to four would cause the time required to fire a single-round
mission to increase by 12.7% over base rate.

�e T'.i sequence for march-ordering a howitzer section involves nine
men sin:.e the Gun Guide is usually elsewhere establishing a new location.
Here again d reduction in crew members makes very little difference until a
five m.a unit is used. Figure 4 shows that five man units accrue a 14.7%
time penalty, but the penalty increases to 28.6% when_ only four men perform
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all
S -rc--o-r tasks. Tus four men couo rbe made-available o support

I" tr.C duties wthout significantly airing performance on march-order tasks-.

From this analysis of crew structure effects on set-up, firing, and
S march-order times, it appears that fighting tasks would not necessarily be

_j*, impaired when operating with a reduced crew if the crewmen are more effi-
•_f ýiently assigned their tasks. By doing this, not only is idle time reducedi
*;re ut personnel a e--!ree-d-- t o; 0-f6 -neicessary support duties.

GOALS FOR WEAPONS CREW STRUCTURES

; • In considering the results oF our simulation of howitzer crew opera-
ftions, we have formulated five goals and have examined our data to deter-
mine which crew structure best meet these goals. The goals we think must b6

iiilk,: net by an adequate crew structure are:
I. Be able to emplace, fire, march-order and transfer the section in-

an acceptable time or at an acceptable rate.
2. Permit enough people to be assigned to the support functions that

lack of support does not reduce the section's fighting ability to an inade-
quate level.

3. Have a reasonable capability to respond, in a degraded mode, when
section personnel are lost.

4. Be effectively applied and practiced in a peacetime milieu.
5. Transfer to battle conditions with a minimal burden on the crew.

Data generated by the ARI Crew Performance Model imply that howitzer
trews can be significantly modified to provide a better base for fighting
6 howitzer section. There are several ways in which the existing crew
structure can be changed. One particularly attractive rearrangement is to
divide the ten man crew into two virtually identical five man units (5/5),
h split-crew approach, that alternates the units between the fighting and
upport tasks.

A 5/5 split-crew structure is proposed in Table 2 where it is compared
o the crew as it is designated in the Technical Manual. The TN crew struc-
ure consists of ten positions, and one person is assigned to each positiont

,The 515 crew structure provides two units, a "Red Unit" and a "Gold Unit",
which are identical except that one unit contains the Section Chief and the;
other is supervised by a Un.it Chief. During extended continuous operations'
ihese units would alternate between the fighting tasks and the supporttasks. A summary of the fighting task decreri-.cts and the time available
or support tasks for such a division is shown in Table 3,

When a gun is emplaced according to the sequence.defined in the TM, the
entire ten man crew, including the Gun Guide, is involved. In the 5/5 solu-

tion, five firing unit members and the Gun Guide (6 men) are involved. The!
-median, set-uptime is only 5% lon1er for the 5/5 crew than the standard

.4
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- .Table 2 .

TM and Split-Crew Structures

TM S TRUCTURE

Chief of Section (CS) Cannoneer #1 (6#)

*/° Gunner ...... ) ........................ Cannoneer i A2 (f2)
Assistant Gunner (AC) Cannoneer #3 (03)
-Howitzer Driver (F1D) Cannoneer # 4 (04)
Section Driver (SD) . ...... Cannoneer #5 (--5)

SPLT'r-CRE74-STRUCT=PC

Red Unit Gold Unit

'.. of Section (CS)- - Unit Chief (UC)
a *r..-.r (G) Gunner (G)

C-..-.noneer #1 (#1) Cannoneer #1 (01)
:H..--:zer Driver (HD) Howitzer Driver (liD)

.<ac:ion Driver (SD) Section Driver (SD)

crew;. This is a rather minor time penalty and, in a real sense, even this
may not constitute a liability. Note that with the 5/5 structure, four
crewmen are available during the emplacement process to perform :upport
functi,'-ii. In a hostile environment these four. men would most logically be
assigneý'. to set up camouflage or emplace szreens. Therefore. when the gun
is repor:ed up and ready in the 5/5 case, some of the support work would
already `.ave been completed; in the TM case the support work would all re-
main t:ý :*e done. Thus, the actual time required to have the gun both up
and read-" and protected wotuld probably be less in the 5/5 case.

Th:e eff-ect of shifting to a split-crew structure is sormewhat greater
for fi:r>-.. than for emplacement. We estimate the median time to prepare
and fir' a first round increases by 8.6' if the 5/_ structure is usec!.
Again. ._%__, this is compensated for by there being five rather than two
men a-;a >tble to perform support functions.

A "ore subtle form of compensation during the firing cycle (or any
other s-ezence) is that with only five men involved, there are no excess
crew . Consequently, there is a rezL pressure to improve crew effec-
tiven".<s hy removing problems rather than merely working around them by
app!jiz.-.. another pair of hands. Indeed, when the work flow during firing
was exazined we identified at least three materiel c-hanges which, if impic.
ment-I, %:ould make the five man firing operation faster than the standard
eight man operation. For example, because howitzer crews are not issued

Best Available Copy _
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strap cutters and must improvi se acordingly, utting straps averages 41
seconds per eight-round paliet. -1 Therefbre, -an average6 abiut five seco•i's
per round fired is the cost of the poor equipment furnished to cut straps.
Clearly, if a strap cutter were placed in the tool kit on the section
vehicle, the time required to open a new pallet would be reduced consider-
ably--probably to under five seconds--with a consequent reduction of redianý
one round firing time by about four seconds. W,•hen the model was used to
eva! .1xte the effect" of a hypothetical situation ini- which "this and other
materieIl changes were included, we found that the median completion time for
the 5"'5 tructure during firing was actually faster than the present eight
man a-,proach.

........Table 3.

Times to Complete Fighting Task Sequences and Times

A ileforSupport Duteis for tlh&--TM -ail-ýnzc ----

Men Available Vor Man Available For 5/5 Tii;xz
Activ•--- Fightiiig Functions Suoport Functions Penalty

1 ~ 5/5 TNM 5/5

Emplace 9 + GG 5 + GG 0 4 5.0%

Fire 8 5 2 5 8.6%

March-orler 9 + CG 3 0 5 17.7%

In-transit 9 + GG* 9 + GG* 1 1 0.0%

*'The Gun Guide is normally not in-transit with the crew.

The-.- -arch-order sequences constructed for five man units also shows a
time •.•aL~y, adding 14.7% to the nine man median completion time. How-
ever, :hs decrement is more illusory than real. The march-order base case
follows the TM, assumption that nine men are immediately available so that
the mar:_h-order sequence begins with all nine =,en working. In an actual
battle _ituation, however, a hasty departure would surely begin w.ith some

of ti!-.ce nine men assigned to perimeter defense or other support functions.:
Thus. nine men are not immediately available for work. The apparent 14.7%
decrer-.nt would have been less if the TM'.. sequence did not begin unrealis-
ticaiiv with eight men at the gim and one nearby (the Gun Guide having
alrea&_v departed). Actually, given the number and diversity of the support

t .:mhich must be performed, the 5/5 structure with an independent, self-
contazied support unit may well be faster.



CRI4MLEY & SCWALM

The in-transit situation would be unaffected by the change to a5/5
crew structure. In the 5/5 system, the unit assigned to the Eightin" task-s
would provide two drivers, two air guards, and an NCO in-charge. The sup-
port unit would provide a gun guide who would probably be off with the ad-
"vance party. The other four support unit members would do those minor per-!
sonal support duties which are possible while being transported or else
they would be idle. This is essentially the work/idle situation that pre-

:c sentlv exists while in-transit. .

it seems that a 5/5 division provides no significant disadvantages in
the emnlacemenr -7d. march-order-s-equences-an-d that the decrement which
accrues in the ,.±cst-round-out situation can be-6vercome with minimal im-
prove-ents in the equipment avail.ble to a-howitzer crew. Thus, a 5/5 crew
spli: -eets the first goal--fighting the howitzer in an acceptable time--as,
Well Z e--_-_ the.present TM crew structure.

. -se second goal--having enough men availlable to support the section--is
clear.- ."etter met by the 5/5 split-crew structure. Indeed the 10, 8,and 9,
men s.:ecified for the set-up, firing and march-order sequences in the nT
struc:ura leave at most only two men to perform support duties. The split-
crew '-7-cture makes available five support personnel at all times.

The 5/5 structure is also well suited as a point of departure for de-
grad:-i4 node operations (Goal 3). Battery losses of up to one man per sec-
tion can be absorbed by reducing the stipport task units from five to four
men. if further battery losses occur, men could be pulled from fightin[;
task units until sections are operating in a 4/4 condition. In that case,
sections, and the battery to which they are attached, would be operatingz
more sbo'C.v and at a greater risk of suffering either adverse actions or
having inadequate replenishment capability. More likely, however, the
-battery -With 20% casu•talties would have lost essential materiel. Personnel
from inz.erative sections would then be available to other sections as re-
plac±_en-:s to create five man firing units; fewer viable sections would, of
course, 'e the result.

Differences between the T.t assignment method and the 5/5 concept also
favor tbe 5/5 concept when peacetime manning problems are considered (Coal
.4). 7-;:! 'asic manning problems exist in the present Field Artillery
connoa `._tteries: 1:1any batteries do not have a full complement of person-
nel, an, 'nigh level! of turbulence characterize most section crews. These
two -rD-•-•ems have far more significant consequences for the TIM structure
than they would have for the 5/5 structure. The most obvious problem
associate2d with using the 10/8/9 set-up/fire/march-order structure is that
a section must have ten crew members to use it. Realistically, this is
seldom the case; hence, there is usuallS' no opportunity to create or to
practice ten man cr'ews. A 5/5 split-crew structure, on the other hand,

Best Available Copy"
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requires fewer personnel in order toform uni s for training -or ighting.
The TM structure is also particularly vulnerable to the effects of turbu-

t_ lence. The absence or shifting of personnel from a crew because of inter-
nally created turbulence or the replacement of existing crew members by new
personnel creates situations that are hard to overcome since section acti-
vities are not currently standardized. As crews now exist there is little

.-likelihood that a crewman serving in a particular position on a particular
crew will perform the same tasks when serving the same position but oa
anoth.-n crew. In contrast, with a 5/5 split-crew structure, task ass:.gn-
ment3 would be standardized, thereby minimizing the need to retrain when
perscanel change positions or crews.- .........

As Lor Coal 5, the 5/5 structure appeats superior for moving from a
peace :i--e to a wartime situation with minimal impact. Standardization,
which c=- be readily. accomplished with, theP5/5 approach, .makesit possible
to bri-,r a battery upto full strength by..merely adding five man units.
As ne." units arrive at a battery, Section Chiefs simply convert sectiions
from -=_i manned srections to fully manned sections. This saves Section
Chiefs froo the need to move from a poorly defined crew structure to the
ten --= 7'. structure, a structure which as we have suggested is not very
efficien-.

PERFOPRMANCE DURING CONTINUOUS OPERATIONS

O0r discussion until now has shown how the ARI Crew Perforutkica ,:.odel
can e,-4izate crew size/structure efEects under first-day or near opt[1rcal
conditicons. In a more realistic scenario, however, howitzer crews will.
likely be fighting for extended periods-up to 8 days-under high work/1o-,
rest ba-:l conditions. Anecdotal and experimental evidence on the effects
of these .ccnditions on performance suggests that the effects will be both
negatQn'e --nd substantial and will increase as the duration of comnbat and

.sleep fuss increases. For that reason the model has been equipped to ad-
just firs:--day task performance as some function of accrued impairment from
Day I :-.r17ugh Day N. Also, because different types of tasks will be
difle•-en-ially affected by sleep loss, the model is equipped to apply decre-
ments :.cczrding to task type.

in _rder to determine what data are available for estimating long-term
perfo.--n-_.. under the conditions noted above, we have conducted an extensive
iiter:•- 'r search and review of the effects on Derformance of total and
partial sleep loss and work/rest cycles. Only research an behavioral
effect;, vis-a-vis subjective and physiological measures, were considered.
Bo h t'h open literature and government sources were searched. The res-ults-
o f tis review will be reported elsewhere in detail. We also examined
various task taxonomies to determine how the howitzer tasks and tasks in
the literature might best be classified. In the end, none was suitable,

BestAvailable Copy
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"-p-rimarily because of the nature of the =easures us., in t.he literaturt., so
we prepared a rather global° classification scheme for our use.

The literature describing performance after varyIng periods of total
sleep loss provided over 205 ritles,-with approximately two-thirds of these
studies testing performance after less than 7- I-urs of total sleep loss.-
Approximately 40 of these articles docurented, inforzatlon useful z,•r deter-,

S"-' mining decrement values for use in our rodel. C:.nsiderably less research
was foued on the effects of partial sleep loss a.id on perfor-•ance under
releven work/rest ratios. In fact, ony 55 titles in these areas were

"'". 'found and fewer than ten have documented evidence suitable for use in con-
,structing decrement tables for our model.

Table 4

.. Documented Studies of the Behavioral Effects of Total and
?artial Sleep Deprivation as a Function of Task Type and Time

TEST DAS 1 2 .3, 4 5 6 7,

?-.ysical Strength T T T T
Grossi Body Movement and T T T T
Ceneral Coordination
Fine Movement and Eye- T T T T T
Hand Coordination P P P P
Folloving Directions and T T T T
S'nort-Tern Nemory, P P P P P p p
R,:les, R,.gulation. and T T
Lc-i-Terrm M~emory
Problem Sensitivity and T T T T T T
P;---,onsiveness to Change P P P P P P ; P
D.: "ision Making and T T

S-" Actio•n

.. ný-al Effort, Attention T T T T7?
a-2 Concentration P P P P r P P P

T = Total sieep loss. P Partial sleep loss or work/rest ratio.

Table 4 is a general overview of our survey with the data available
from thle literature presented as a function of task type and duration of
te-it period. Separate entries are shown for total sleep deprivation and
work!re.:t ratio studies- Very little work has been done in these areas and
0ot of what has been reported deals with periods of only a few days. Of

the studies testing performance undejr realistic conditions, only one tested
perforr'ance after an initial period of total sleep deprivation followed by
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"pir ods wh,:. f.•:r Thour.; of sleep per day--the maximum likely--were allowed..
So.!.:e task ;'ýe-" a xi t,,able for their lack of research documentatio.i.
Furtherioc-e,. within task types, a failure to stnndardiz- task3 and ,poce-
dures cntributes to considerabL.- d-fficulty in interpr:-ting e-clt.. Iu
deed, most of the studie.s representeLd in Table 4 suffer Fro. ••e "or more
methodological problem.A of varying degrees of severity. Quite co-•mon, fo•
instance, is failure to control for learning, or circadian rhythnm effects.

Thus, an extensiv/e review of the literature on the effects of extended
'perforr.ance with reduced sleep -illustrates-the dearth of useful inform.ation
available. For this reason,-_only-a portlon_.of-the decrement table for use

- --. with the model can be completed-based-on-data in the available literature,
and even that portion, because of problems in the original research, is of
limiced value.

• •I f

. ... i.. ./. .71 . CONCLUSION

.-.n. ARI Crew Performance Model can be used as an analytic tool for
Ievalua:ing the effects of crew structure on performance. Whether used with
developing systems or systems in the field, the model can be of value in
deter-,Lniag the effects of changes in crew size and the assignment of tasks
on the relative efficiency of varying crew strtictures. However, before. the
model ccn be fully utilized, particularly when crew performance in n realis-
tic battlefield scenario is being considered, a great dea! of work remailns
to be done to determine the effects on human performance, of extended, con-
tinuoUS performance under conditions of high work/low rest periods.
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