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ABSTRACT

To address critical task, group, and organizational variables not ade-
quately evaluated by individual laboratory paradigms, the Field Artil-
lery fire direction center (FDC) was chosen for laboratory simulation -
and multi-disciplinary study. Volunteer FDC teams were tested in simu-
lated, sustained combat aperations. Role players interacted with FDC

teams from scripts describing mission demands matched across time. Bio-

medical measures were also collected.

Four 82d Airborne Division teams performed high workload operations

without shifts. Teams 1 & 4 experienced a single 86 h challenge; the

teams voluntariily terminated after 48 h (7 a.m.) and 45 h (4 a.m.),
respectively. Teams 2 & 3 experienced two 38 h challenges separated

by 34 h rest; a member of Team 3 withdrew after 6 h in the second chal-
lenge. All teams m~intained accuracy for unplanned missions, with some
increased latencies. Accuracy for on-call missions requiring preplanning
suftered in Teams I & 4; after 36 h, much preplanning was never com-
pletgd, even for priurity targets. The second challenges of Teams 2

& 3 showed soume decerioration of preplanning from 24-36 h. Teauw 2
showed decreased 17-0HCS excretions, increased heart raves, and in-
creasel oxygen consurptions in a submaximal work test suggesting meta-
bolic shifts. Sleep logs documented sleep disturbances which may have
contributed to these trends. The operational significance (impact) of
physiological and behavioral changes can be determined with this
approach by relating changes to accepted operaticnal indices for “his

real world task.
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INTRODUCTION
SCIENTIFIC & MILITARY RATIONALE
In modern war, military units are likely to be engaged in intense sus-
tained operations which permit at best only brief, fragmented sleep.
Army ground combat depends heavily on team functions which involve
complex interactions of individual performance capability (both mental
and physical), psychosocial behavior, biological responses to stress
and fatigue, and system (team task) organization. Command/control and
communications elements may be especially vulnerable to performance
degradation, since their roles often keep them continuously occugied,
while their critical tasks are ones especially sensitive to sleep loss

and the physiological consequences of the battlefield environment (1,2).

In evaluating the impact of such conditions upon one's ability to per-
form, the scientific literature (1-5) indicates the importance of task,
personnel, and organizational variables. These include: task complex-
ity, feedback, pacing, level of training, intrinsic interest in the
task, prior experience, motivaticn, and social factors. Such variables
are considered critical determinants of performance capability under a
variety of conditions. Furthermore, in both modern Industrial Society
and in the Armed Forces, tasks are increasingly organized around teams
rather than individual. In the military community, concerns are often
expressed as to the generality and predictive validity of past studies

which have not included such variables inherent in many military tasks.
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Tn address these issues and provide a framework fur communicating re-
search results to the military community the Field Artillery Fire Direc-
tion Center (FDC) was selected by the US Army Research Institute of
Environmental Medicine (USARIEM) a&s a "model" team for study. It was
postulated that such complex issues could be studied in a laboratory
simulation which would use actual Army teams performing their normal
functions, yet permit control auwd replication of envircnmental and
sitvational conditivns and measurement and correlation of mission
effectiveness, behavicr and biological processes (3,5,6). This approach
capitalizes on pre-existing iraining, professional pride, social sup-
pori and military task organization. Such factors are critical in the
study of group military task performance, the contribution of indi-
vidual performance to system (team) output (3,6), and physiological as

well as psychological responses to stress (7,8).

[The FDC team seemed well suited for scientific study and laboratory
simulation since 1) FDCs are common and critical to successful ground
combat opérations. 2) FDC teams are located immediately behind the
front line¢ and are exposed to most extent stresses, 3) FDCs include
tasks common to other command/control and communication elements, &)
Detailed scenarios can be developed to provide content validity and
calibrated perfo;mance demands, 5) The task output provides quantifi-

able measures of beth individual and team performance, 6) The compact-

‘ness of FDCs allows collection of a wide range of biomedical and psycho-

social data, 7) Many variables which influence performance capability

are inherent in FDCs, and 8) The FDC provides a performance paradigm




with operational criteria, recognized by the military community, with

which various data arrays can be correlated.

FDC TASKS & ORGANIZATION

In the Field Artillery, the FDC is a service center which receives
requests frcm various individuals and agencies who require artillery
shells to hLit target areas. These targets are typically kilometers

away and out of sight of the guns. In the US Army (at the Artillery
battery level) 5 to 7 individuals work together as a team to process
these requests. Manual FDCs have existed since World War 1 and have
evolved to minimize errors and to insure that performance is extremely
.robust under a variety of adverse conditions._ Roles, tasks, communi-
cation sequences and content, error detection and resolution capabi-
lities, information readback procedures, etc. are well specified and
practiced. Given this high degree cf task and organizational specifi-
cation, a. both the individual and system levels, deviations from these
guiaelines can be used as another means for assessing operational effi-
ciency. In order to understand variations :. system output, individual
team member task contributions and interactions can be isvlated and

analyzed.

A variety of tasks and functions are assumed by various FDC members
(see Table 1).These include: sending and receiving information with
various radio sets, encoding and decoding numerical/cipher codes,
maintaining current information on unit position and movement, plotting

target coordinates on grid sheets and maps, measuring target distances
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and directions from the firing battery, determining ballistic factors
with nomo~rams and slide rules, selzcting correct courses of action
according to prescribed sranding operating procedures (SOP), detecting
and correcting discrepant or erroneous information, and communicating
relevant information to the firing battery. Many of these tasks are
similér to classical laboratory iests of per ormance. In the FDC these
tasks are s;metimes embedded in contexts where conflicting priorities
and interferences limit interpretation, but they do provide a basis for

comparison with the scientific literature.




PROJECT HISTORY & PURPOSE

Preliminary studies (9,10) of FDC teams in 1974 were conducted at
USARIEM at simulated altitudes of 400 and 4300m. These studies indi-
cated that although FDC team members experienced acute mountain sick-
ness (AMS) and were obviously i1l and uncomfortable, most continued
to perform reasonably well. Furthermore, performance appeaced more
influenced by acute hypoxia than by AMS symptomatology. Subsequently
the FDC team simulation was updated with the assistance of the US Army
Field Artillery School (USAFAS) and the 82d Airborne Division to re-
flect current emphases on sustained combat and target praplanning,

a technique t» achieve speed and accuracy of Artillery fire for sup-

pression of enemy weapcns.

In 1977 multidisciplinary studies of FDC teams in simulated, sustained
operatinns were conducted jointly by USARIEM, the Walter Reed Army
Iustitute of Research (WRAIR), and the Naval Healtl Research Center
(NHRC). These studies were tc evaluate the FDC experimental model for
future studies of environmental stress cffects and countermeasures
(USARIEM), physiological and social factors related to neurcpsychiatric
"combat exhausticn' (WRAIR), and "sleep logistics' (NHRC). Of principle
concern to USARIEM was whether simulation of FDC operatinns uould.yield
sensitive indices of iidividual end team efficiency related to hours

in the sustained operations, tasw characteristics, level of traiaing,
etc. If so, such operational changes could t2 evaluated for correlation

with biological, psychological, social, and/or organizational factors.




METHODS

STANDARDIZATION OF TASK DEMANDS

Much of the precision of conventional laboratcry performance paradigms
was applied to the complex mission cdemands of the Field Artillery to
ducument changes in FDC performance and to reduce extraneous variance.
This methodology was incorporated into a detailed scripr (''scenario")
of radio messages which provided the task demands, as well as the sup-
porting documents for various situations, e.g. map overlays and unit
SOP. The scenario represented a tactical battle played on 1:50,000
scale maps and followed current doctrine for light infantry with
armored cavalry advancing against "a"well-equipped screening force.
Task derands were communicated by role players to the FDC over three
simulated radio nets; other role players provided the telephone communif
catiuns of the nearby gun crews and controlled the sound effects of

the firing guns.

To permit performance assessment with time the scenario was organized
into equivalent 6 h epochs of mission demands. In each 6 h, events

of differing importance, complexity, and urgency, requiring different
individual and team responses, recurred with sufficient frequency to

permit event pooling for analysis of performance data.

Standard scenario mi{ssinn demands (gvent;) are summarized in Table 11,

Also shown for each major scenario mission demand are the immediacy
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of the required actions, the associated task demands, responsible team
member(s), and feedback characteristics. Mission demand clasces in-

cluded: 1) Unplanned Missions -~ Calls for Artillery fires on an ini-

tial target which were often followed by several subsequent adjust-
ments, i.e. repetitions with small variations. These missions involved
targets not specified to the FDC previously. These demands were exter-
nally initiated and required immediate responses. Such demands evoked
serial and task processing; timeliness could be sacrificed to maintain
accuracy. Positive and negative feedback were given %o the FDC from
simulation role players based upon the timeliness and accuracy of the
FDC's responses. 2) Preplanning -- These tasks were initiated by the
receipt of encoded preplanned target messages but required a delayed
response from most team members. All team members were involved. Uiti-
mately, firing data for each target, including 2 correction factors,

were to Le computed and sent to the guns as time permitted. No external

feedback was given to the FDC. 3) Prioritizing —- At any time, 2 of 16
pr;plann&d targets were -designated as having priority to emphasize
that an especially rapid and accurate response might be required on
these targets. As with preplanning no feedback was given. 4) On-call
Missions — These demands were calls for Artillery fires on preplanned
targets. Typically, they occurred at least 15 min after receipt of
encoded preplanned target messages. These missions probed and rein-
forced the!statc of readiness achieved by target preplanning. External
positive and negative feedback were givén for timeliness and sccuracy,
but timeliness criteria were more demanding than those for the un-

planned missions. 5) Revising -—— These initial 12 preplanned targets




were encountered at the beginning of each 6 h epoch. Task demands dif-
fered somewhat from those of preplanning. Target information was giver
to the FOC as a written list so that decoding and involvement from the
RTO were not required. The targets were also preplotted on the chart
sheets so the HCO and VCO did not have to ploc them. In addition, since
these mission demands were encountered immediately after the 'battery
move' personnel were reorienting and processing information associated
with a new "terrain" location. 6) Updating -- These mission demands
occurred approximately 150 min into each epoch. Updating was to im-
prove ballistic correction factors on 12 proplenned targets. This task
was .he responcibility of the COM, but failure to perform this task
-resulted in only minor inaccuracies in the preplanned target data,

‘As with other target preplanning activities (preplan-
ning, prieritizing, and revising) no negative feedback was associated

with inadequate updating performance., 7) Multiple Mi{ssion Sequences --

Periods of intense fire mission activity included: unplanned missions,
on-call missions, non-standard missions, adjusts and shifts. These
simultaneous demands were not as well matched as single events since
interactions were unpredictable. External negative feedback was given

less consistently tor these events. 8) Position Reports -- These less

important demands required decoding maneuver units' positions and plot¥
ting their locations. Such demands had minimal consequences for inade-
quate performance. 9) Lulls ~- These were two 10-12 min intervals

in which no new mission demands were sent to the FDC although irrelev-

ant radio traffic continued. These events created a standardized set-

ting, embedded among other demands, where social interactions might be




more likely to occur. Such intervals could also be used to complete

prior preplanning activities. 10) Nonstandard Fire Missions -- These

demands occurred occasionally to provide content validity, add var-
iety, make the sequence of standard events less predictable and
evoke special responses. Such events were unmatched as to kind and

difficulty but required similar durations to complete them.

EXPERTMENTAL DESIGNS

Two experimental designs were utilized. The designs differed only in
number of sustained challenges and their durations. Design 1 had a
single 86 h operational challenge; whereas, Design 11 had two 38 h
challenges separated by a 34 h rest -and relaxation interval. Both de
signs had identi:&l, pre-challenge familiarization and training trials.
Design 1 was intended to produce serious or total breakdown iun per-
formance capability which would require major reorganization of team
structure. This design was essentially an "open ended'" challenge since
86 h was judged to be beyond the limits for sleep deprived subjects

to perform such cognitive tasks. Design II was to evaluate the poten-

tial of the experimental model for use in repeated-measures designs.

SUBJECTS & SIMULATION FACILITIES

The 5-man, FDC teams were males aged 18-24 and fully informed volun-
teers from two battalions of the 82d Airborne Division. These teams
used manual fire direction procedures exclusively, without the assist-
ance of digital computers. Accordingly, standard manual FDC equipment

was assembled in a tent inside a 6.1 ¥ 2.7 x 2.4 m climate-controlled

10




chamber at USARIEM. Ambient temperature was maintained between 20 and
24°C and relative humidity between 35 and 50%. Lighting conditions
were superior to those in field FDUs so that continuous videotaping
could be accomplished. Each subject was instrumented with a microphone
and small radio transmitter for individual voice reproduction, a small
physiological cassette recorder, wrist actograph, ECG electrodes and,

in some instances, EEC electrcodes.

SIMULATION PROCEDURES

Each team received an initial 5 h orientation followed by 3 days of
operations (8 h/day) at the work load used in subsequent sustained
trials; this training was intended to teach the commcn SOP for message
formats and fire commands. It also minimized practice and novelty
effects. Teams 1 & 4 then underwent a single challenge which they were
told could run 86 h (Design 1). Teams 2 & 3 underwent two 38 h chal-
lenges separated by a 34 h rest (Design 1I1); they were told the chal-

lenges would each run 36 to 42 h. All challenges began at 0700 h.

Prior to sustained operactions challenge all FDC personnel were awakened
at 0500 h. Subjects were fed and outfitted with the recording and moni-
toring equipment. The fDC personnel then entered the simulation faci-
lity and completed pre-challenge questionnaires and self-rated scales.
Afterwards, at 0700 h, the operational portion of the simulation was
begun. This corresponded to the beginning of 2 6-h scenario epoch.

Subjects in Design 1 were instructed nnt to set shifts or withdraw to




sleep, but received no instructions about job rotation. Subjects in
Design I1 were also instructed not to set shifts or sleep. In addition,
they were not to rotate tasks. In the FDC the team and its individual
memberc were challenged and driven by the scerario demands described
previously. During the simulation performance-contingent, positive and
negative feedback were given to the FDC for certain scenario events
from simulation role players (see Table 11). Accuracy deviations were
defined as the algebraic difference in mils* between each FDC team's
firing data and the correct solution for the shell and propellent
charge specified, as computed manually by the Department of Gunnery,
USAFAS. Timeliness was the latency between mission input and the team's

output.

Each € h approximately 48 min were spent in non-operational, admin-
istrative activities. These periods, in the final portion of each 6-h
epoch, corresponded to the time required for the guns and FDC to make a
tactical move. Team members went into an adjacent environmental chamber
configured like the interior of a vehicle and heard recorded helicopter
sounds. During the simulated move, self-report questionnaires and psy~
chological tests were administered, urine and sometimes venapuncture
samples were collected, electrodes and instrumentation were maintained
by "field medics' and meals and snacks vere eaten. During the simula-
tion the FDC teams did not physically move the FDC, erect camouflage,
or dig emplacements. Supplemented C-rations, hot coffee and soda were

available ad lib throughout the simulation.

*
The mil is a unit of angular displacement; 6400 mils = 360°

12




Between simulated operational challenges each team was housed in a
dormitory and ate cafeteria food or t.v. dinners. All team members
completed sleep logs upon awakening; EEG, EOG, ECG were recorded from
selected subjects, Although investigators from WRAIR also collaborated
in the design and conduct of the study, only selected data obtained

by USARIEM and NHRC investigators will be presented in this report.

PERFORMANCE ASSESSMENT

Performance indices were derived for system (team) output as well as
individual performance. After the studies, accuracy and timeliness data
were scored from an audio recording with time code and compared with !
a second independent determination. Any discrepancies were resolved

by further rescoring of the audio tapes. Other performance indices wi .e
derived from the examination uf FDC records e.g. radio-log book, chart
operators' plotting sheets, and COM records T~ data analys®:/reluc-
tion, ac;Lracy criteria were established and applied to all studies,
i.e, <+3 mils in horizontal and vertical gun tube displacement was
considered accurate. Deviations »+3 mils were grouped into classes
dependingiupon the magnitude of the product of deflection and quadrant
errors. In deriving other performance indices various metrics were
utilized: differences between matched pairs, nedian values with 25th

and 75th percentile values, percentage of uncompleted task demand,

number of occurrences, and cumulative occurrences.




RESULTS & DISCUSSION
OVERVIEW |
The teams differed substantially in organizaticonal style, social his~
tory, prior axperience, and mastery of the simulated mission demands.
Generally, Teams 1 & 4 showed less initial mastery and greater perfor-
mance changes over time (Design I)}. All te¢ams respondec to the competi-

tive challenges and became quite involved with the éimulation (11-13).

Team 1 exercised the right to withdraw from the study at 0700 h after
48 h. The VCO appeared somnolent in the last 6 h, resolved to term-
inate, and the FDO decided that the team should leave together. The

team F»" also made several errors in the previous 8 h which '"endangered"
friendly troops; the FDO expressed concern that his team would soon

be ineffective. Team & withdrew voluntarily at 0400 h after 45 h. The
younger enlisted personnel of this team had the least field expe:ience

Y

end were Jery fatigued. The FDO showed signs of being especially fati-

gued from his continuous supervision but persevered until the COM
§

prompted him for the decision tc stop.

Team 2 completed both 38 h challenges without gross performance deteri-
oration. The_FDO, COM, and the VCO slept very poorly the night before
the second 38 h challenge. Some napping in place did occur during the
final 18 h cof the second challenge with limited substitution or switch-
ing of roles. Team 3 also completed both 38 h trials with little per-
formance deterioratien; they slept well in the interim. The VCO termi-
nated after 6 h of the second trial; the remaining four men took this

as a challenge and continued with the FDO operating the chart.
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SYSTEM OUTPUT: ACCURACY

For all teams, accuracy of firing data for unplanned missions was gen-

erally well maintained, even until termination. In contrast, accuracy
of firing data for preplanned targets fired upon during on-call mis-

sions was less for all teams and deteriorated progressively over time
in Teams 1 & 4. Figure 1| shows the distribution of errors of different

magnitudes for all Teams during the simulations.
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‘igure 1. Errors in ballistic data (deviations from correct values)
sent for firing by the four FDC teams. Errors were grouped
in classes according to magnitude and are shown as a func-
tion of h in the simulation. Closed triangles indicate pre-
planned target errors; open circles, unplanned fire mission
or subsequent adjustment errors. Errors >'130 mils (above
the broken line) usually incurred negative :ieredback from
scenario role players regarding inaccurvacy. Pesults for

Teams 1, 2, 3, & 4 are arrayed from top to bottom; respect-

ively.




Teams 1 & & showed clear, progressive increases of 7-14 mil errors.
These occurred most frequently in preplanned target events and usually
involved omissions of correction factors under circumstances which
could be considered speed-accuracy tradeoffs. Generating preplanned
target data required increased eifort in comparison to unplanned
mission calculations, e.g. deccding of grid coordinates, inclusion

and updating of ccrrection factors. In addition, negative feedback
criteria for the on~call missions involving preplanned targets were
more demanding, e.g. 20-60 vs 60-180 sec. Hence, many ervors reflected
deliberate omissions or misapplications of correction factors and pro-
duced errors of 7-14 mils. Teams 2 & 3 showed greater variability in
accuracy for the on-call missions thar for the unplanned missions,

but no progressive deterioration.

Team 1 s. swed an increase. of serious errors (30-1798 mils) from 24

to 48 n For the cther teams such an increase does not occur. These
larger errors covered & wide range of FDC functions, e.g. incorrect
copying or decoding of target coordinates, incorrect plotting of co-
ovdinates or reading of range or the deflection valuéﬁ incorrect set-
ting or reading of nomogram scales, digit reversals in the transmission
of data to the guns, specification of the wrong propellant charge for
the data sent, and sendirg data for a different preplanned target than

intended.
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The magnitude of any given error In ballistic firing data depends in
part on the nature of the mistake and chance. In spite of this somewhat
arbitrary relationship between error magnitude and psychophysiologic
function;it is still valuable to examine rhese "outliers' because of
their very serjous potential consequences in live-fire training and
combat. Since it is reasonable to expect the FDC team, especially the
FDO and COM, to detect particularly large errors,the occurrence of such
errors may imply a lapse in short-term memory, perception, or higher

cognitive functioning.

SYSTEM QUTPUT: TIMELINESS

Accuracy for firing data for unplanned missions was generally well

maintained for all teams; however, timeliness for these missions suf-
fered in all but one team. For example, Figure 2 shows median latenci=2s
to accomplish tha most standard and predictable subset of these de-
mands, the subsequent adjustments, increased more than 35% from initial
values during sustained operations for Teams 1, 2, & 4. The differ-
ences within each team between initial and final 6-h performance laten-

cies were statistically siynificant (pS0.0S for Teams 1 & 2; pS.Ol

for Team 4).
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Figure 2. Compucation latencies (standard adjustment s2quences) for
unplanned missions are shown as a function of h in the
simulation for ail four teams studied. Each data point with
lower and upper bracket represents the 50, 25, and 75th

percentile scores for a 6 h epoch. Maximum values are con-

nected by the broken line.

The finding of increased latencies with little change in accuracies

in the unplanned missions are as expected (1,2) for highly cverlearnecd

tasks: 1) initiated by arousing external cues, 2) accomplished during
a brief period of mobilization, and 3) which received prompt feedback
for inadequate performance. It was apparent on the video record that
speed was sometimes sacrificed for accuracy through increased indi-
vidual latencies and demands upon the team's {nternal double-check

procedures. Such increased latencies are tactically significant. They




indicate a loss of combat effectiveness for engaging battlefield tar-
gets and would increase FCT and battery vulnerability for detection and

destruction by the enemy.

Timeliness for on-call missions, as well as accuracy, suffered in Teams

1 & 4, the teams undef—hoing the 86 h challengcssbesign 1). Latencies

for firing upon prepianned targets (Figure 3) increased significantly
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Figure 3. Latencies to on-call missions against preplanned targets as
a function of h in the simulation are shown for all four
teams studied. Each data point with lower and upper
brackets represent the 50, 25, and 75th percentile scores
for a 6- h epoch. Maximum values are connected by the

broken line.



after 42 h in Team 1 and after 30 h in Team 4 (pg¢0.01). Teams 2 & 3
did not show a deterioratrion in speed of response tn on-call missions
althougl tnhere was a period of slower responses from 18 to 30 h during
Team 2's second challenge (p€0.05). These delays would also have seri-
ous tactical consequences in combat where delivery c¢f Artillery fires
within seconds on preplanned targets is essential tc suppress hostile,

wire-guided weapons.

As will be shown subsequently, Teams 1 & 4 were often behind on their
preplanning. When an on-call mission was requested preplanned target
d:~a were often not precomputed nor available at the guns. This re-
quired data computation "on the spot". Increased latencies somestimes
resulted for these teams; they also were more likely to make erroxs in
haste or through deliberate omissions as they sought to respond quickly

to on-call missions.

SYSTEMS OUTPUT: PREPLANNED PROCESSING EFFICIENCY.

Examining the efficiency of preplanned target processing activities,
(f.e. preplanning, prioritizing, revising, and updating) suggests how
the observed differences in team effectiveness in responding to on-call
mission events occurred. It has the added virture of assessing the
risk of serious mission failure for the total population of pre-
planned targets. Operationally, preplanning required processing target
messages and sending the firing data for each target to the guns as
soon as pos. vole. Ideally this was done well before a preplanned target
was requested in an on-call mission, if indeed the target was requested

(50-70% chance). Functionally, preplanning invcolved all team members;
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members; most individuals had to complete their work on a target before
others could proceed (serial processing). Finally, unless quickly com-

pleted, other scenario events would inevitably interrupt the process.,

One way to determine FDC efficiency was to apply queuing theory. For
these analyses, the FDC was viewed as a service center to which users
sent requests to be processed. Once prccessed, the resultant firing
data for each target were called to the guns ready for delivery during
possible subsequent on-call missions. The efficiency index of FDC per-
formance was principally influenced by the number of requests in the
queue and the processing time for each request. If the number of unpro-
cessed preplauned targets increased and/or the interval between the
request and when the data were called to the guns (processing time)
increased, efficiency wa; decreased. Therefore, 0% efficiency meant no
requssils were ever processed whereas, 100% implied instantaneous pro-

ces.ing '« each requesc.

Figure 4 shows FDC efficiency with time for the fecur teams considering:
1) all préplanning, i.e. all targets sent in encoded target messages,
2) only prioritizing, {.e. those targets designated as having priority,
3) revising, i.e. the initial 12 preplanned targets after a battery
move, and A)'updating, i.e. application of new weather correction fac-
tors to 12 preplanned targets for which data should have been generated
previously by preplanning. All teams showed increased efficiency after

the pretraining. Ducing the sustained operations, Team 1's preplauning
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Figure 4. Queue Analysis measures of FDC efficiency for four pre-
planned target activities are shown for all four teams
as a function of h in the simulation. Efficiency for targets
which required updating are shown by closed circles; of
targets which required revising, by closed triangles.
Praplanning
Efficiency for new targets from encoded messages and for

targets designated as priority are shown by open circles

and open trigngles, respectively.

efficiency fell from a maximum of 77 to 33%, with most of that decrease

in the Jast 6 h. For Team 4 the decrease was more gradual from 77 to

42% over 42 h, then falling to 18% in the last 3 h before termination.

In contrast, Teams ? & 3 processed prepianned targets more efficiently.

Since Team 2 was usnally prepared when preplanned target data were -
tequected in an on-call mission they rarely made errors in haste, nor

did they have to omit correction factors when called upon. Their effici-

ency irn the second trial was slightly less; their minimum also occurred




at 24-30 h. They also showed a greater decrease at 30-36 h than in the
first challenge. Team 3's efficiency was between 75 and 68% during the
first challenge, but was more variable (85 to 61%) in the second trial

vhen functioning with only four men.

These results also indicated that in most cases, the teams maintained
higher efficiency covering priority targets than the total population
of targets. This would be expected given the operational significance
of priority targets. The exc.ption is Team 4, the least experienced
team, who actually accomplished the priority targzt tzsk less adequate-
ly than the preplanning task from 18 to 42 h. It is also of interest
that prioritizing efficiency decreased with h in the simulation in
Teams 1, 2 (2nd challenge), & 4. This occurred even though, on several
occasions, preplanned data were already at the guns when a target was
specified as priority by a simulation role player. Under these circum-
stances, ,Jach COM only needed to announce the priority target number to
the guns, but 3 of the 4 COMs increasingly failed to do so. Additional

t
analyses are underway to determine why such changes occurred.

The importance given to a task by the initial instructions, the task's
consequences, and the number of FDC team members involved with the
task generaliy had a strong influence on the performance observed. The
results of queuing analyces of the two less important tasks, revising
and updating, are also shown in Figure 4. Failure to perform either

task incurred only minor errors, i.e. 3~10 mils. Teams 1 & & both
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showed less efficiency in revising; Team 4 demonstrated _50% efficiency
at the beginning of the challenge. Teams 2 & 3 were almost as efficient
at revising as preplanning during both challenges. On the other hand,
undating was rarely done by Team 1 and was quickly abandoned by Team 4
after initial token performance. For Team 2, updating was less effi-
cient in the first and final 6 h of the first challenge; updating was
the preplanning activity most sensitive to decrement between 24 and 30
h of the second challenge. For Team 3, updating was generally performed
less efficiently than other preplanning activities and deteriorated

more after 18 h in each challenge.

SYSTEM OUTPUT: UNPROCESSED PREPLANNED TARGET DEMANDS

The quantity of work never done may be more useful as an index of de-
pletion of team reserve and decreased performance capacity than in-
creased egrors or latencies. Table 111 highlights the differences be-
tween the.b teams on several'preplanned activities for various duration
comparisons. Table entries show the percentage of various preplanned
target acsivities, as well as percentage of total target processing
never'comﬁleced. Several trends are evident. Preplanned target process-—
ing was less adequate at 36 h for Teams 1 & 4 (Design 1) than for Teams
2 & 3 (Design 11). Although one cannot rule out.level of training,
experience, and organizational variables these data suggest the uncer~
tainties, expectancies, and demands of an 86 h challenge took an early

toll on Teams 1 & 4. (This observation is further supported by trends

fn the biochemical and interaction process analysis data). Secondly,
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Team 4, the least experienced team, was the team which demonstrated the
least adequate total target processing. Third, the challenge 1 and 2
data from Teams 2 & 3 indicated similiar outcomes on repeated measures.
Lastly, this Table is consistent with the queuing analysis in that the
updating task was the preplanned target activity most frequently not

completed by all 4 teams. It i{s of interest, in contrast to other

TABLE 111 Percentages of various uncompleted. preplanned target tasks. Values are shown for the 4 Teams
studied for the initial 36 h in the simulation. Second challenge, 36 b comparisons are alse
shown for Teams 2 & 3. Team 1| & &, (8 h comparisons are slsc indicated. Team { values from the
(5-48 h (inlerval after Team L's termination) were extrapolated.

T TOTAT YARCET
TEAN ' PREPLANNING  PRIORITIZING  REVISING  UPDATING  PROCESSING NEVER |
COMPLETED |
INITIAL 36 HOUR COMPARISSON (CHALLENGCE 1) :
1 ¢ ] L 100 29 '
2 2 s ) 12 s ’
3 9 10 1) % 20
‘ 9 2 . 28 % 39
SECOND 3 HOUR COMPARISON {(CHALLENGE 2}
2 2 n ) 1" 6 .
3 12 7 0 19 10 i
INITIAL 48 HOUR COMPARISON %
1 1 16 1 9% u
¢ 19 LN o 88 48 :

preplanned activities that the updating task was done by a single team
member, and was not solicited, probed, or given external feedback.

This provides a fitting lead into analysis of individual team perform-

ances.
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INDIVIDUAL TEAM MEMBER RERFORMANCES

It is axiomatic that group performance is some compiex resultant of

the performances and interactions of the individual team members (3-5,
6). Hence, specific questions for these studies were: 1) Could meaning-
ful individual performance data be extracted from the FDC simulation?
2) How does knowledge of an individual's performance increase under-
standing of system output? and 3) What are the characteristics of mis-
sion tacks which were sustained or degraded with time? 1Initial ana-
lyses have concentrated on Team 4 since they showed the greatest
changes in system output and terminated in the middle of an operational
epoch. Team 4's changes also occurred earlier in the simulation and

‘were greater in magnitude.

The RTO is chavacteristically the newest member of the FDC but has

a challerging task as a monitor and dispatcher of information. Table

1V shows several measures of RTQO performance deteriorated with in-
creased h in the simulation even though each time period involved
approximately equivalent message input and demands. Failures of the RTO
to réspona to the FDC's call sign are similar to the findings of class~
ical vigilénce studies (1,2). Indeed, some occurrences appeared fiom

observation of the video records to have reflected lapses into micro-

sleep. Failure of the RTO to record the sender's call sign in the log
book.alsb increased after 24 h; such omissions contributed to confusion
in the FDC if it became necessary to contact the sender. Other sensi-

tive measures, e.g. the RTO's requests for the sender to "say again"

items of information, and corrections in his log book, are behaviors
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which may compensate for microsleep, increased distractability or diffi~
culties in perception. A fifth measure, the number of undecoded posi-
tion reports in the log, was for a task which, like updating, was done
by a single team member and had minimal consequences for inadequate
performance. The numbers shown for this performance represented a rise
from approximately 30% to 8G% non-completion of task demand over the
duration of the simulation. It must be emphasized that numerous mea-
sures of RTO performance did not change with time. For example, Table
1V shows that the RTO almost always decoded preplanned target grids
from the radio message. and passed this information to the HCO and VCO.
.canly one exception involvirg & targets occurred nz2ar the end

of a 6 h epoch, 2 period when the team had lit%le time tor processing.

27




It was shown in SYSTEM OUTPUT: PREPLANNED PROCESSING EFFICIENCY that
Team 4's preplanning was one aspect of system performance which showed
greatest differences from other teams. less effizient processing,
errors, and failure tc complete more and wmorc targets were especially
marked after 18 h in the simulation. As noted abave, the RTO was con-
sistent in completing his part of the task, although he contributed

some longer latencies and committed soime decoding errors.

The performance of the next team members in the serial preplanning
tasks, the HTO and VCO, are also shown in Table IV. For % unplotted
rargets the performance cf HCO and VCO was identical up to 30 h even
though all task demands were rarely completed. This nonasymptotic cor-
respondence suggests the infliuence of sozial and orgénizational factors.
After 36 h, both showed decreased output, with the VCO completing sub-
stantjally less of the task. However, the VCO's output presumably had

a greater influence on Tzam 4’3 accuracy for preplanned targets since
he was coﬁsisfently more precise in plotting than the HCO. Indeed,

the probavility that the HCO would produce an inaccurate plot increased
progfessively with time (p=0.08 to 0.36). Each time the values from the
two charts failed to correspond within acceptable limits, extra time
and involvement were required by the FDO, HCO, and VCO, while the COM

had t»n wait.

Although rhe VCO was accurate and plotted a smaller number of targets,




Table 1V indicates he completed fewer site computations after 36 h.
This measure of VCO performance suggests that the observed decrease

in accuracy of Team &4's preplanned target data partially resulted from
the failure of the VCO to compute this important correction factor.
Thus, Table 1V also highlights individual proficiency differences and
performance changes with time which contributed to fncreased workload

and disrupted information flow as the sustained operation continued.

Analysis of the COM's role in preplanning (Table 1V) indicates that

the COM consistently processed fewer targets from target messages than
iid the VCO except in the last epoch where their outputs were identi-
cal. Fxamination of the specific targets indicated that indeed, the COM
allowed his performance at this task to be limited by the VCO, the
chart operator who processed fewer targets, but more accurately than
the HCO.:bther measures of COM performance, i.e. adjustment intormation
ratio and‘the number of changes communicated to the guns showed dra-
matic changes with h in the simulation, especially after 24 h. These
trends ar; consistent with the time courses of many system cutput mea-
sures, This i{s not surprising. The COM has ane of Che mcri continuous
tasks and {s the person in the FDC whr wusvaliy communirites with the
guns. As his-individual performance deter.crat:id, systan putput was

also impacted. As the senior ranking enl-sted pevson. the indirect

impact on the tesm resulting from his Ycssis in pe. sonal efficicnc and




his increased attention to task matters cannot be ignored either. Addi-
tional measures of COM performance are being derived from each COM's
written records and from his verbal communications with the gun role
players, to further document changes in efficiency of this critical

individual.

Assessment of FDO performance over time presents the greatest chal-
lenge. The FDO's style of leadership and level of involvement in speci-
fic tasks properly varies depending upon the initial skills of team
members and prior experiences of the team, as well as on any changes in
individual/team efficiency with time. The Team 4 FDO provided task
direction, double-checked charts, computed data, and showed concern

for clearance of targets in regtricted areas (another FDO responsi-
bility) until he concurred with the COM's assessment that '"the men
have hacjit." Since the FDO was responsible for the team's output, the
observed decrements technically represented decreased performance of
his duti;s. It is moot whether this was due to degradation of his psy-
chophysiological status or whether task demand (due to the decreased
efficiency of the team) rose to exceed his span of control. Work is
continuing'to identify measures of FDO performance which can provide
evidence of'changes with time in sustained operations. Perhaps {indices
of FDU functioning may eventually be found in the analyses of team

social processes currently underwvay.

The examples given for Team 4's RTO, HCO, VCO, and COM show how the
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present level of analysis enables one to infer differing organizational
styles, individual capabilities and liabilities, and to determine how
different members influence and set limits on team output. 1t should be
emphasized again that the data arrayed were measures that changed with
time; many others did nct. This is an important observation since it
suggests that when many of the real-world variables are incorporated
into a performance study, (e.g., objective contingencies, task feed-
back, opportunities for "say again'' requests, and double-checks), per-
formance is likely to be more robust than that predicted by more tradi-

tional approaches to individual performance assessment.

NEUROENDOCRINE, PHYSICaAl, FITNESS AND SLEEP FINDINGS

In additicn to the evaluation‘of team and individual perfcrmznce, many
other bioclogical and psychological measures were determined. These
inciuded: assays of urinary neuroendocrine hormones, tests of aercbic
physical fitness and self-reports of sleep. For all measures it was
recognized that individual differences would probably be important. The
purpose of arraying these data was not to show universal relationships,
but ﬁo iliuminate patterns of change in the physiological and psycho-
logical statuses of individuals which would add perspective to the
observed performances of teams and individuals. Only data from Teams 1
& 2 will be presented.

For Teams 1 & 2, aerobic fitness (00 max) of each individual was {ni-

2

tially determined using the modified Taylor interrupted treadmill test.




Subsequently, oxygen uptake (Vo ) and heart rate (HR

2 submex submax)

were measured using the Astrand bicycle ergometer at 60% of each indi-
vidual's maximum capacity. These tests were conducted during the famili-
zation and pretraining week, immediately after each sustained opera-
tion, and after post- challenge (recovery) sleep. Each man's total

urine output was collected every 6 h for 48 h during the familiari-
zation week (after novelty effects were assumed to have attenuated).
Urine collections continued every 6 h throughout the sustained opera-
tions. Aliquots were analyzed for 17-hydroxycosteroids (17-OHCS), and

total catecholamines {13). Following every period of sleep in the dormi-~

tory all subjects filled out the NHRC Sleep Log.

Several explanatory hypotheses from the literature regarding the ef-
fects of sleep deprivation and stress on neurcendocrine response and

on aerobic fitness may be helpful in interpreting the sometimes oppos-
1né responses of individual subjects. Urinary 17-OHCS have been related
to generalized "stress' and especially to the perception of novelty,
uncertainty or threat (7). Total urinary catecholamines generally have
been related to arousal level (8). Increased oxygen uptake at rest

and during submaximal work (14) after sleep loss or in other stress
situations has been interpreted as reflecting a metabolic shift from
carbohydrate to fat utilization, presumably in response to neuroendo-

crine effects.
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The tesults for Team 1 are summarized in Table V. Four individuals
showed increases ia total catechclamine excretion over the 48 h sus-
tained operation compared with the control period. T xrze also had ele-
vated 17-0HCS excretions, although COM, the sergeant, showed a de-
crease. Urine collections were incomplete for the HCO, but in 6é-h sam-
ples from equivalent times of day, he too tended to show higher catecho-
lamines and 17-0HCS during the sustained operation. The 17-0HCS rise

was especially great (55%) in the RTO, who had not been with the team
long but had been picked to come to USARIEM (at hic own request) in

place of the regular RTO.

Team 1's_junior enlisted men (RTO, VCO, HCO) had iwncreased VO
2 submax

S { - 3 r
rd HRsubmax at the end of the 48 b challenge, implying dcc.gascd

aerobic fitness (i.e. increased phyciological "cost'" to perform the
same work). The change in team mean HR was significan: (pS.OS). but
notably the FDO and COM showed 1little change in HR and decreases in
v%fubmax' Following a day and a night of recovery sleep, the HCO and
VCO showed further increases in VO and COM's values were now
2 submax

increased, although the RTO had improved. It is interesting that the
HCO, the man whose voluntary termination precipitated the feam's with-
drawal, shovied the greatest relative increases in 002 and HR. The Sleep
Log indicated that the HCO slept less than usual the night before the
trial and reported himself less than fully alert upon awakening; this
may have contributed to his apparent greater fatigue in the hours be-

fore termination. However, motivational factors clearly exerted an

influence. The RTO (who, as noted zbove, had shown high motivation to




participate) slept poorly throughout the entire baseline period (4 h vs
his reported usual 8.5 h), but began the test reporting peak alertness.
He, in contrast to the HCO, expressed disappointment when the challenge

terminated at 48 h.

Team 2 results are also arrayed in Table V. Like Team 1, physical f.t-
ness after the first sustained chalienge varied compared with control.
L]
However, all five members of Team 2 demonstrated increased VO
2 submax

and Hvsubmax at the end of the second 38 h test and following the subse-

quent night's sleep; these changes were highly significant for both 002
and HR (p4£.001). The effect was evident in the FDO, COM, and RTO, indi-
viduals with the most continuous tasks. Sleep lLogs showed that Team 2's
FDO and VCO slept poorly and reported reeling sleepy before the first
38 h challenge. All team members slept well immediately after the first
trial, but the FDO, VCO, HCO and COM slept poorly the night before the
sncond challenge and gave ratings of fatigue. Clearly. in the final
hours of th; second 38 h challenge, these team members (especially FDO

and VCO) had accumulated sleep debt:s substantially greater than from

just one night of deprivation.

In Team 2 the FDO consistently excreted less 17-OHCS and less catecho-
Iaminés during the sustained operations than during the control period.
The RTO showed even greater decreases in 17-0HCS as well as decreased

catecholamines. The COM's excretion of 17-OHCS first increased in Chal-

lenge 1, but decreased during Challenge 2, compared to control. His

catecholamines excretion, however, was elevated throughout both tests.




The HCO had elevated urinary 17-OHCS during both challenges with negli-
gibtle increases in total catecholamines. Collections from.the VCO were
inadequate in all conditions; his catecholamines &sppear consistently
decreased in both experimental challenges compared with control, while

there was no clear trend for 17-0HCS.

In summary, findings in Teams 1 & 2 suggest that sustained operations
involving high mental workloads which preclude sleep may temporarily
reduce physical aerobic endurance, and that this may not be reversed
by a single night's sleep. Neurcendocrine responses during sustained
operations ranged widely, with most Team 1 members showing increased
excreticns while most Team 2 members had decreases. The elevations
of catecholamines and 17-OHCS in Team 1 may reasonably be attributed
to the arousal, novelty and uncertainty inherent in the 86 h '"open-
ended" design and the fact that Team 1 was the first team to partici-
pate in the simulation. Interestingly, the HCO, the only member of
Team 2 showed elevations of both catecholamines and 17-OHCS, verbalized
doubts after 28 h in the second challenge that the COM could finish.
The HCO was answered by the FDO, that the COM had gone 38 h beforc and

could do it again.

It might be argued that those individuals who showed decreased 17—

OHCS were not '"stressed' by the sustained operations. However, other
evidence documents that they were certainly uncomfortable from the
sleeplessness and confinement in the simulation. Furthermore, the sleep

disturbances in Team 2 prior to the second challenge sugpested a high
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level of anticipatory anxiety, especially in the FDO. Interpersonal
tension between Team 2's FDO and the four enlisted men was high and
persisted after the study was over. However, novelty and uncerctainty
were minimized in Design 11, especially in the second challenge. In-
deed, Team 2 complained that they knew all too well what they were in
for. The finding of decreased 17-OHCS in some team 2 subjects (and in
the Team 1 COM) is therefore consistent with the reports (7) that this
biochemical indicator may show suppression in experienced Army team
members who are concentrating on well-learned tasks in spite of stress,
especially if the situation is relatively predictable and they are

confident they can cope.

It should not be conciided from these findings, or from the performance
results, that 48 h is a true limit for adequate sustained operations
for FDCs (or for other teams with similar functions and tasks). It is
likely that the circadian low which normally occurs between 0300 and
0700 h had a role in the decisions of the Design I teams to terminate.
Had combat contingencies bheen involved, the teams could have continued
for some uncertain time, perhaps with cycling or progressively deterio-
rating effectiveness. This study does support the expectation that
well-trained manual FDC teams can function effectively in high task
load situations for 38 h without sleep (assuming they are not chéoni-
cally fatigued at the outset and that environmental conditions are

benign). This may require increased reliance on double-check procedures

and some trade-off of speed to maintain accuracy. A rest interval of 34




h (and probably less) should be adequate to restore the ability to
sustain another 38 h challenge. However, Team 2 demonstrated the pro-
blem in "sleep logistics' that simple provision of time, even in a
favorable environment, cannot assure good quality sleep. Recurrent
stress without adequate recovery may result in greater physiological

*cost' and eventual performance degradation.
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