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The U. S. Army Research Institute for the Behavioral and Social
Scier:és_is currently conducting a reseatch program to develop a method’
and c>zain the data required to evaluate the ability of weapons crews to
maintzin their performance over the course of extended, continucus opera-
tions. The basic approach involves developing a computer-based moda21l which

will =eld modifications of selected industrial "methods engineering'” tech-
niquss with appropriate human performance data in order to predict crew
perfor=ance without the need to create, train and measure each crew struc-
ture zlternative in simulated battle conditions.

The approach involves creating a computer-based model which will simu-
late a crew performing all, or selected portions of, the tasks required to
operate tihe system being studied. The rodal cperares with inputs raerrogent-

ding tasks and task times and, when such data become available, it will ccn-.

tain tadles defining the performance decrements which are expected to occur
duringz =xtended operations. Two portions of the project have been com-
pleted to date. A crew simulation model has been developed and a task and
task tizme library has been compiled for M109Al1 howitzer sectiens (1,
Progress has also been made on a literature review being conducted to de-
termines what data are available for use in developing performacce decro-
ment tabdl:s

25.

In Zuture battles howitzer crews will likely be required to operate
around th2 clock for perivds of up to eight davs. During these periods
crews will move as often a3 6 to 12 times a day and fire at rates varving
from 123 te 300 rounds per 24 hour period. Figure 1 shows a fire rate by
dav of hattle estimate which has been used in past Field Artillery School
presanzaticns of a first battle in Europe scenario. 1In estimating the

2 moves, it was assumed that on the average a howitzer would rmove

nucoar
once f2r every 50 rounds fired, as the result of repositioning required
cLLner l\ecause of changes in the locatitn of the Forward Edge of the Battle
Area ZEA) or because of relocations to avoid counterfire. In the projec-
ted SLdeL*O, the section will fire 2060 rouads and imove 41 times during
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Estimated firing rate per six hour period and moves per day for
a potential first battle in Europe scenario.

%In reunds per howitzer per day.

@ Moves per day.
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the eicht day battle. Can a ten man howitzar crew do
should chz crew workload be assigned in order te besc
are the questions that the research program, reported
to answar.

this and if so, how
accomplish it? These
here in part, seeks

ASSUMRTIONS UNDERLYING THE MODEL

In oxder to model crew structures and analyze a.crew's ability to with-
stand th2 demands of the extended, continuous battle we found it necessary
to addrass first the various kinds of tasks which a howitzer crew must per-—
form. “wWa 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-
ficaticn scheme describes tasks as discrete or level-of-effort, fighting or
suppors, and expending or replenishing. Replenishment tasks either re-

plenisa rasources or reduce risks.
A Ilsorete task is one that has a start and stop pc at and is limize f
by the a3k itself in terms cof the number of persons who can work on it. An

exampla is selecting a fuze and putting it on the projectile. Such tasks
are variadle in the time it takes to perform them and when the task is over .
the crew nember is free to go on to another task. If discrete tasks are L
perforzed slowly, or if task sequences are performed slowly because of poor,
task sa2quence 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 “ralnlng and they 1end themselves to rearr°ngement to 1rnrovb 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 bYe assigned in different orders and to different crew members; they can:
be evaluated individually to determine_ the effects of variocus paramsters,
such 2s training or fatigue; and they are all involved in crew processes inf
which the quicker they are properly performed the better the crew performs. !
LOE ::sks are a scheduling problem rather than a crew structure problem. '
LOE =z:23ks tend to take longer to perform, do not lend themsalves to a
"quickar is. better,_so we should _train to_perform them faster" approach and
usua“t have little or no room_for being speeded up by a more efficient
method. ;
i
' iz developing a rationale for our model we have also considered which
of two 3u*poses a task serves. Fighting tasks include all those tasks
whlch =ust be performed when a howitzer section is emplaced, fired, or
marcn-o:iered (e.g., loading a projectile). Support tasks are all the
tasks ot classified as fighting tasks. Support tasks are perfornmed 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-
€ion's resources. The fighting tasks all expend resources, e.g., firing
uses acmunition, moving uses fuel and men get tired. Support tasks, on the
2, are intended to restore or conserve resources; hence, they
2>lanish resources expended as the section moves and fires, or they

2 risk that the section will be placed in a position where its
will be unnecessarlly expended.

task categories provide a basis for considering the tasks of a
crew in a series of steps rather than in a single stage. Thus, in-
a crew, and in actual operations, deciding if a crew can perform
2ly can be answered by determining f{irst if they fight the howitzer
adequa=zaly and then if they have time to perform the necessary support ‘
tasks. Cnce this baseline has been established, performance during ex- '
tended, continuous operations can then be considered. i

J U T S )

Ttree of the four task sequences involved in fighting a howitzer--em- ;
placezment, firing, and march-order--axg composed almost entirely of dis- f
crete tasks. The fourth sequence, the ian-transit phase, is composed mostly.
of LOZ tasks. 1I: is feasible, therefore, to model the set-up, firing and
march-order sequences and evaluate how well different crew arrangements
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' meet time standards for performlng these nhases. Thls aonroach W&REb soeed
of performance a measure of a crew's ablllty to perforn the task seguences
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 persons 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 personnrel most efficiently.
How well a crew structure meets the support task requirements is then mea-

"2t sured bv matching the support task man~hour requirements to the man-~hours
the cr2w structure provides to attend to then.

A crew structure_is adequate when it meets the time standards for
fig :i:; task sequences and provides enough man—hours for the required suw--
port :t:=3%s. Structures that do not fully meet these requirements hecome
Increz:zingly inadequate as a function of both the lack of adequate support
man-hcers and the additional time required to perform the fighting tasks.
Selec:zicn between sub-optimal alternatives for actual operations is a pro-
blem that requires the kinds of data that the Crew Performance Model can
proviie.

The present standard crcw operating procedure is defined in Technical
Manual 9-2350-217-10N (3). The procedure indicates that ten men cmplace a
howitzar gsaction, eight fire 1it, nine nmarch-order it and eitiier nine or ten
men ave In-transit as the section moves between locations. This onerating
procedurs provides little manpower for assigament to support duties. For
Instanca, when the gun is firiang, only two persons are available for sup=~
port duties. Thus, if a section were to remain in one location for an en-
‘tire dav, 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 43 hours would be required just to provide the crew with minimal

rest.

Ta>lza 1 is a list of support tasks classified as replenishment or risk
redu-;:g. The task times were obtained costly from doctrine requirerents
and :la2lcd Artillery School documents. Table 1 shows that support require-
ments 223ilv exceed 129 man-hour-s per day. Thus, the support tasks which
nus s 2 derformed if a howitzer section is operated around the clock and
according te doctrine will alwmost certainly exceed the ability of the crew
to parisrm them. TFor that reason Section Chiefs continually face a series
of trade-offs: They must first decide how many pzople can be removed from -

ties on the replenishment and risk reduction duties required to support the

secticn and battery; finally they must schedule the available support man- .
pover to perform the most essential suppert tasks.

the fiznting tasks; they must thenm evaluate the situacion and set priori-

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

Estimated Time in Man-Hours/Day

Replenishment Tacks

~ 8. Replenish ammurition (500 rds) 16.0
:b. Replenish POL ' oo - 1.0 :
‘c. YNon-scheduled maintenance™ ~ T T TTTTTTT 4.0 ;
d. S..eep Tt 40.0 I
' e. Suooly SGT duty 6.0 f
i £, ?e—sonal maintenance 4.0
.. itmow, hygiene, body Tunctions, Weapons T Tt T
{  and gear) - T
. Be TIianrify and prepare new firing positions 12.0
Risk Reduction Tasks

'a., Pra-sntative maintenaace 1.0
' b. TParimeter defense/early warning 20.0!
. ¢, Guard nuclear ammunition 5.02
"d. Prerave supplementary positions N/A

¢. Prozare latrines, sleep areas, etc. - N/A

f. TInprove positions N/A

g. Cancuflage N/A

h., Scraens N/A

i. TFoxholes N/A

j. Crzw-served weapon positions N/A

Involuntarv Downtime while Moviag 20.0
Total of Estimates 129.0

Lihis assumes two guards at each of four stations with the battery opera-
ting as an eight-gun unit. If the battery were operating as two four-gun
uaits, zhis figure would be 40.0.

2Th1~ ~-211d be 10 man-hours/day if the battery were operating as two four-
‘gun valcs and both units had nuclear azmrunition. :

NOTE: N/A indicates time estimates fox. these taesks were not available.
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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 functinns under a variety of conditions. The modeling
approach we use takes int account the tasks to be performed, the order of

periormance, the time it  rakes to perform eachtask; and the number of men -
doiﬁg those tasks. The model consists of a task library, an input program,
and the software to handle that 1nfornat10n. , ;

'»

: The task library containsthe tasks~and~subtasks which must be perform—
ed b the members of an M109Al howitzer-section. (A task iibrary could be
builz Zo5r any system, provided the discrete tasks making up that system can’

be d2Zin2d.) Each task is narrowly defined, has minimum, average, and maxi-
mum cocpletion times; and-takes~intovaccount—any requiste-or-rToncurrent T
tasks. ' Zach library entryalso~has-a task—type code, a probability of per--
formazza "alue and an indication of how the time data were obtained. The

forma: Zor task library entries is shown in Figure 2, Part A. Entries were’
obtaizei {rom appropriate documentation, discussions with subject matter
exper:s znd videotapes of two IIT Corps howitzer crews in operation. For

the lazzer, cach 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-ordex tasks and 24 trials
for firing tasks.

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

USING THE MODEL

ine wodel has been used to determine the effects of various crew sizes/
task assiznaesnts on the performance of howitzer sections. The base case is
the cv=w size/rask structure as presented in the TM. For variations of
those structures, we deleted men and assigned their tasks to the remaining
men in z:ch o2 way that those crewmen who were not very busy tended to as-
sum= ~c3T of the tasks, particularly those which were logically consistent

(=2ir current positions. The results of several rums are shown in
Tigure 2. The figure shows completion times and percentages of crew mep~
ber icle time for units of different siges performing fighting task se-
quences. In the figure, completion time is expressed as a percentage of

- the median time the wodel calculated for a full ten man crew performing the.

task sequences according to the Igchnlgal Manual.

- e

i
l
!
|
[
B
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A . TASK LIBRARY ENTRY

123 456 789 2.0 3.0 4.5 TT.PPP 8§
AN ILLUSTRATION OF A TASK SHOWING ALL VARTABLES

B CREW TASK/STRUCTURE INPUT {
1 400 402 40477406 408" 410 412 650 T652 7 654 i
2 555 556 557
; 3 558 559
i 4 502 504 507 508775100 7512 600 602 516
5 454 452 456 468 ”172 4 458“"K65' 471 473

)

MODEL OUTPUT

COMPLETION TIM:S, FASTEST T0 SLOWEST, EVERY IOTH PERCENTILE™

; TTIZEI016177152.38207 16154137 7166.9992 T172.9557  177.7338  183.3907
; 123.7629 197.0742 203.3185 230.5410

i CRITICAL MAN 1 O 2 0 3 0 4 0 5 200
i IDLI TIME 1 75.6 2 90.4 3 91.0 4 66.1 5 18.0

Flzure 2. Examples of task library entries, model input, and model

output.

Figure 3 shows that reducing from ten to six the number of men assig
ed to sst-up and boresight has only a small effect on completion time Tnis
is beczuse the improved efficiency of assigned crew members generally com-
pensates Zor the lesser number of men. The six man unit is on the average
only 5% siower than a tenm man unit, but as unit size is further reduced to
fiva the time penalty increases to 11.0%. Xeither increase in corpletion
time azpszars substantial given the corresponding increased availabilitcy of
support parsonnel.

Dazz in Figure 3 also indicate that a reduction from eight to five men
during Ziring adds a first-round firing time penalty of 8.6% per mission '
but provides five men to perform support duties. Further reducing tha
fightin: unit to four would cause the time required to fire a single-round :
mission to increase by 12.7% over base rate. f

Ire TM sequence for march-ordering a howitzer section involves nine
men siize the Gun Guide is usually elsewhere establishing a new location.
Here azain a reduction in crew members makes very little difference until a
five man 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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t hure

jall
“ —the march-order tasks. 1Thus, four men could be made available for support
r the - [duties without significantly impairing performance on march-order tasks.

N .

From this analysis of crew structure effects on set-up, firing, and

yoig march-order times, it appears that fighting tasks would not necessarily be

| e impaired when operating with a reduced crew if the crewmen are more effi-

‘,.)r__’_ ciently assigned their tasks. By doing this, not only is idle time reduced
woere  but personnel are Ireed to perform necessary support duties.

i
4
|
}
|

l
|
| GOALS FOR WEAPONS CREW STRUCTURES I
Hl".Hr ‘ ';
Ctate In considering the Tesults of our simulation of howitzer crew opera-
tions, we have formulated five goals and have examined our data to deter- E
ine which crew structure best meet these goals. The goals we think must be
line et by an adequate crew structure are: j
- I.” Be able to emplace, fire, march-order and transfer the section In
n acceptable time or at an acceptable rate.
2. Permit enough people to be assigned to the support functions that
ack 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
ection 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.

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

1

|

% A 5/5 split-crew structure is proposed in Table 2 where it is compareds
o the crew as it is designated ir the Technical Manual. The TM crew struc-
ture consists of ten positions, and one person is assigned to each positionT
The S5/S 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 Unit Chief. During extended continuous operations,
khese units would alternate between the fighting tasks and the support ;
tasks. A summary of the fighting task decrewcnts and the time available
For support tasks for such a division ii\shown in Tabie 2,

!
|
{ When a gun is emplaced according to the sequence.defined in the TM, the
ntire ten man crew, including the Gun Guide, is involved. 1In the 5/5 solu+
tion, five firing unit members and the Gun Guide (6 men) are involved. The!
median set-up_tiwe is only 51 longer for the 5/5 crew than the standard
|

1
'

i

o
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T and Split—-Crew Structures

TM STRUCTURE

Chief of Sect;on (CsS) Cannoneer i (#1) :
Gunner ' ' . (G) ~ o T s Cannonaer #2 (#12) ,
~ Assistant Gunner (AC) Cannoneer #3 (#3)
Howitzer Driver (D) Canunoneer #4 ({4)
Section Driver (SD)"“““'”""" Cannoneer #5 (i#5)

SPLIT-CREW-STRUCTURE

Red Unit Gold Unit
T-22% of Section 7 (CS)Y ©  «~ 7 7~ Unit Chief (ve)
Curnar (G) Guaner (G)
Ciznoneer #1 €29 Cannoneer {1 (#1)
Fowitzer Driver (HD) ) Howitzer Driver (YD)
fection Driver . (SD) Section Driver (sp)
»

crew. -his 1s a rather minor time penalcty and, in a real sense, even this
may no: constitute a liability. Note that with the 5/5 structuce, four
crewmen ave available during the emplacement process to perform support
functisns., Tn a hostile environment these feour men would rost logically he
assigne:l o set up camouflage or emplace screens. Therefore, when the gun
is reporzed up and ready in the 5/5 case, some of the support work would
alreacy rave been completed; In the TM case the support work would all re-
‘main t> e done. Thus, the actual time required to have the gun botn up
and readr and protected would probably be less in the 5/5 case.

Th2 2ffnct of shifting to a split-crew structure is sowewhat greater
for fizi-.; than for emplacement. Ve estimate the median time to prepate
and fir> 3 first round increases by 8.67 iE the 5/5 structure is used.
Again, -.ovevar, this is compensated for by there being five rather than two
men avallable to perform support functions.

!
A more subtle form of compensation during the firing cycle (or aav
othar a2cuence) is that with only five men involved, therz are no excess
crew —erbers. Consequeantly, there is a re:1l pressure to improve crew effec-
tiven=ss ny removing problems rather than merely working around them by
applrinz another pair of hands. Indeed, when the work flow during firiag
was exanined we identified at least three materiel changes which, if imple-
mentad, would make the five man firingjgperation faster than the standard
eight man operation. For example, because hcwitzer crews are not issued

Best Avallable Copy
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~strap cutters and must lmprovise accordanIy, cutting straps ‘averages 41 ]
seconds per eight-round pallet. Therefore, an average of ‘about five secorls
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 counsider- |
ably~-probably to under five seconds--with a consequent reduction of median'
one round firing time by about four seconds. When the model was used to :
evaluite the effect of a hypothetical situation in which this and other
material changes were included, we found that the median completion time fotv
the 3'5 structure during Eiring was actually faster than the present eight |
man z2proach. |

" Table 3

Times to Complete Fighting Task Sequences and Times
ivai lable for Support Duties for tHe TH and‘SﬁIit—Crew ‘Structures

Men Available ¥For Man Available Tor 5/5 Tima
Actlviz— Fighting Functions Support Functions Penalty
: ™ ' 5/5 ! 5/5
Emplaca 9 + GG 5+6G66 0 4 5.0% ’
Fire 8 5 2 5 8.6%
March-crder 9 + GG 5 0 5 17.7%
In-transis 9 + GC* 9 + GG* 1 1 0.07%

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

v Tz> march-order sequences constructed for five man units also shows a
time p:nalty, adding 14.72 to the nine man median completion time. How~
ever, :-his decrement is more {llusory than r=zal. The march-order base case.
follows the T assumption that nine men are irrediately available so that
the marzi-order sequence begins with all nine men working. In an actual
battls sitvation, however, a hasty departure would surely begin with some
cz2 nine men assigned to perimeter defense or other support functions.:
Thus. niae oen are not immediately available for work. The apparent 14.77% -
armant would have been less if the 1 sequence did not begin unrealig-
a1l with eight men at the gun and one nearby (the Gun Guide having :
a&t departed). Actually, given the number and diversity of the support
ks which must be performed, the 5/5 structure with an independent, self-
coutained support unit may well be faster. '
.

[
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 The in-transit situation would be unaffected by the change to a4 5/5
crew structure. In the 5/5 system, the unit assigned to thé fighting tasks’
would provide two drivers, twe air guards, and an NCO in~charge. The sup-
port unit would provide a gun guide who would probably be ofE with the ad- !
‘vance party. .The other four support unit members would do those minor per—il
sonal support duties which are possible while being transported or else :
thev would be idle. This is essentially the worklldle smtuatlon that pre—
sently exists while in-transit. T :

3

It seems that a 5/5 division provides no significant disadvantages in

accru2s in the iicst-round-out 51tuat10n c"n ‘be overcome with minimal im-
provessats in the equipment available to a howitzer crew. Thus, a 5/5 crew:
spli= :ee:s the first goal--~fighting the howitzer in an acceptable time~-us,
well z= the present TM crew structure.

€
-2 second goal--having enough men available to support the section--is
clear’:- “etter met by the 5/5 split-crew structure. Indeed the 10, 8,and 9,
men scecilied for the set-up, fiving and march-order sequences in tre TM 5
strucz:ce leave at most only two men to perform support duties. The split—
crew oTr:cture makes available five support personnel at all times. :

;

Tha 53/5 structure is also well suited as a point of departure for de-
gradsZ mode operations (Goal 3). Battery losses of up to one man per sec-
tion can be absorbed by reducing the support task units from five to four
men. LI f{urther battery losses occur, men could be pulled from fighting
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 operatiny
more slowly and at a greater risk of sufferiang either adverse actions or

having izzdequate replenishment capability. More likely, however, the

‘batters with 20% casualties would have lost essential materiel. Personnel

from insparative sections would then be available to other sections as re-
placezencs to create five man firing units; fewer viable sections would, of

- cours=, =2 the result. !

|
_ ces between the T assignment method and the 5/5 concept also :

Favor concept when peacetime manning problems are considered (Goal

Dii en
=h /5
4). Two basic manning problems exist in the present Field Artiller;
cer
igh
s

ies: Many batteries do not have a full complement of person-

nel, a:i levelz of turbulence characterize most section crews. These
tuo pro>lems have far more significant consequences for the TM structure ;
than thzy would have for the 5/5 structure. The most obvious problem

associatad 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
seldon the case; hence, there is usuall¥ no opportunity to create or to
practice ten man crews. A 5/5 split-crew structure, on the other hand,

1

Llivat
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‘“requires fewer personnel in order to form units for tra1w1nc oL flght ng. .

The TM structure is also particularly vulnerable to the effects of turbu-
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 currentiyv standardized. As crews now exist there is little

.-1likelihood that a crewman serving in a particular position on a particulac

crew will perform the same tasks when serving the same position but oa

another crew. In contrast, with a 5/5 split-crew structure, task assign-~
ments would be standardized, thereby mininizing the need to retrain vhen
perscanel change positions or crews.

>

~3 for Goal 5, the 5/5 structure appears superior for moving from a
peaca:{:c to a wartime situation with minimal impact. tandardization,
whic> czz be readily accomplished with the 5/5 approach, makes_it possible

‘to. br::; a battery up _to full st‘ength by merely adding five man units.

As ne. cnits arrive at a battery, Section Chiefs simply convert sections
from =zl manned sections to fully manned sections. This saves Section
Chiefs Zrom the need to move from a poorly defined crew structure to the
ten maz T structure, a structure which as we have suggested is not very
efficien:.

PERFORMANCE DURING CONTINUOUS OPERATIONS

ur daiscussion until now has shown how the ARI Crew Performaunce Model
can estizate crew size/structure effects under first-day or near eptimal
conditicns. In a more realistic scenario, however, howitzer crews will
likely be fighting for extended periods—up to 8 days--undar high work/lo-w
rest ba:rtlz conditioms. Anecdotal and experimental evidence on the effects
of thess conditions on performance suggests that the effects will be both
negative -_d Substantlal and will increase as the duration of combat and
3 reases. For that reason the model has been equipped to ad-
—uay task performance as some function of accrued impairmen: from
ch Day N. Also, because different types of tasks will be
1iy aftfected by sleep loss, the model is equipped to apply decre-
ding to task type. ' ‘

, In oréder to determine what data are available for estimating long-term
performance under the conditions noted zbhove, we have conducted an extensive
literztur> search and review of the effects on parformance of total and '
partiz. s.zep loss and work/rest cycles. Only research ca behavioral
effects, vis-a~vis subjective and physiological rpeasures, were considered.
Both tr< opea literature and government sources were .searched. The rcsults
of this review will be reported elsewhere in detail. We also examined i
various H“sk taxonomies to determine how the howitzer tasks and tasks in :
the literature might best be classified. 1In the end, none was suitable,
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we prepared a ‘rather global classification scheme for our use.

*"primarily because of the nature of the measures used “in the literature, so

_The literature describing performance after varying periods of total
sleep loss provided over 205 titles, with approximately two-thirds of these
studies testing perforrmance after less than 72 hours of total sleep loss.:
Approximately 40 of these articles docurented inIommation useful :or deter-,

mining decrement values for use in our model.

ry1siderably less research

was found on the effects of partial sleep loss a.xd on perforrmance under

e ———

found and fewer than ten have documented evidence suitable for use in con- ’
s;ruccﬁng decrement tables for our model.

Table 4

- relevenr work/rest ratios. In_fact, only 55 titles in these areas werc

Documented SCudies ‘of the Behavioral Effects of Total and

" 2artial Sleep Deprivatioﬁ as' a Function of Task Type and Time

TEST DAYS 1 2 3 4 5 6 7 8
Pavslcal Strength T T T T
Gross Body Movement and T T T T
Ceneral Coordination
Fine Movemeant and Eye- T T 7 T 7
Hand Coordination P P P P
Fcllowing Directions and T T T T
Short-Term Memouvy P P P P P P ! P
Ru:les, Regulations and T T
Lonz=Term Memory )
Problem Sensitivity and T T T T T T
Pg:oonslvonoq5 to Change P P P P P P 0 P
‘ision Making and T T

T:‘iﬂ&}mtinn
Mantal Effort, Attention T T T T Iy

ani Concentration P P P P P P P

T = Total sicep loss. P =

Partial sleep loss or work/rest ratio.

Table 4 is a generzl overview of our survey with the data available
from the literature presented as a function of task type and duration of
test pariod. Separate entries are shown for total sleep deprivation and '
work/rest ratio studies- Very little work has been done in these areas and’

most of what has been reported deals with periods of only a few days.
the studies testing performance under realistic conditions,

only one

Of
tested

perforrance after an initial period of total sleep deprivation followed by :

[}
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“pérods wher fuar hours of sleep pe- d ~-the simen llk;ly——we e allowed.

Svas task btopes ace norable for their lack of rebearch documentation.
Furthermo:e, within task types, a failure to standardiza= tasks and proce-
duras contributes to considerabl: difficulty im interproting ceselts.  In-
deed, most of the studios represented in Table 4 suffer “rom «i2 or more |
methodological problems of varying degrees of severity. Quite common, fofr
instanc=, is failure to control for learning or circadian rhv:hm effects.

Thus, an extensive review of the literature on the cffects of extended
performance with reduced sleep illustrates_the dearth of useful information’
availavle., For this reason, only_a portion of the decrement table for use
with the model can be completed basad on.data in the available literature,
and ew2n that portion, because of problems in the original research, is of
1imicad value.

. é .. _coNcLOSION _

; 7~2 ARI Crew Performance Model can be used as an analytic tool for
e"aluazzwg the effects of crew structure on performance. Whether usad with
developing systems or systems in the field, the model can be of value In
determiniag the effects of changes in crew size and the assignment of tasks
on the relative efficiency of varying crew structures. However, before the
model cz2a be fully utilized, particularly when crew performance in a realis-~
tic baztlefield scenavio is being considered, a great dexl of work remains
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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