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EXECUTIVE SUMMARY

Y -

Background and Problem

7-_> Management and control of Army field exercises, as well as re-
alistic methods for assessing unit proficiency through such exercises,
represents a current concern to those responsible for establishing and
maintaining combat readiness, Realistic and meaningful field exercise
management, control, and assessment requires technclogically advanc-
ed control and communication systems. The conceptual design for such
an gxercise monitoring and reporting system (EMARS) was previously
developed- but was not subJected to empirical evaluation,

A computer model, NETMAN, for evaluating such systems was
also previously developed, tested for sensitivity, and validated. How-
ever, the adaptability/flexibility of NETMAN was never investigated,
The present work allowed such a test by applying NETMAN to the con-
ceptual EMARS' design and evaluating the results in terms of their prac-
tical implications for the design of the EMARS system,

¢ -
Methods and Results

To simulate EMARS, several special NETMAN features were
used and appropriate task analyses and network structures were devel-
opcA. -

The EMARS concept was evaluated by parametrically manipulat-
ing a number of NETMAN variables and assessing the impact on the sys-
tem's performance and effectiveness., The variables investigated formed
two groups: (1) physical, and (2) behavioral,

The effects of four physical variables on system performance were
examined: (1) number of system entry messages (field situational reports),
(2) number of messages generated per entry message (each report may
generate more than one entry into the management, control, and assess-
ment system), (3) length of the system entry message to the message to
processing personnel, and (4) message length to staff personnel.

The effects on EMARS' performance of three system operator or
behavioral variables were also assessed: (1) proficiency, (2) precision,
and (3) aspiration,
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Twenty-two computer runs were completed which allowed the ef-
fects of each NETMAN variable which was manipulated to be examined
across three values and compared with a baseline, Whenever possible,
the performance and effectiveness of the EMARS were also compared with
the data from a prior NETMAN application (Siegel et al,, 1979) which
simulated a TWSEAS-type system communication net,

The findings generally suggested support for the EMARS concept,
EMARS was found to be robust up to a message frequency of 10 per hour
per operator--a rather high message frequency--and field message
length of 100 characters per message. Within the parameters examined,
staff message length had little effect on system performance. Also ap-
parent was the rather consistent effect of operator proficiency, precision,
and aspiration on EMARS' performance.

In comparison to the TWSEAS-type system, the EMARS' perform-
ance and effectiveness were observed to be rather consistently superior.
This superiority was mosi marked when a large number of messages or
lengthy messages are involved.

The NETMAN model was found to be fully adaptable for simulating
the EMARS and, by implication, the utility and generality of NETMAN for
such purposes seems supported,

ImElications

The findings suggested advantages to the EMARS concept in terms
of the simulated system's message processing time, throughput capacity,
and a number of measures of "effectiveness.' Accordingly, it seems that
the EMARS concept is viable and should be pursued,

NETMAN'S ability tv simulate the EMARS' concept tends to sup-
port claims favoring its adaptability. This contention is supported by
the differential nature of the output data from the simulated EMARS and
the TWSEAS-type system, The effectiveness differences between sys-
tems were orderly and could be meaningfully related to real differences
in network structures.

Taken together with the sensitivity and validity testing (Siegel ct
al., 1979), the effectiveness and utility of NETMAN seems to have been
reasonably demonstrated and NETMAN may be considered to represent
a useful tool for evaluating message processing systems,
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CHAPTER I

INTRODUCTION AND BACKGROUND

Over the past several years, the Army Research Institute for the
Behavioral and Social Sciences has supported efforts to develop: (1) a
stochastic, behaviorally oriented computer simulation model (NETMAN)
for simulating message throughput in Army tactical operations systems,
and (2) a conceptual design of an Exercise Monitoring Assessment and
Reporting System (EMARS).

Accordingly, the work described herein possessed two interre-
lated purposes: (1) to assess the merit of the EMARS concept as indi-
cated through application of the NETMAN model, and (2) to evaluate the
"effectiveness' or "utilily'" of the NETMAN model when the model is ap-
plied to a system which is in the conceptual phase of development.

Prior Developments

The basic concepts included in NETMAN are based on a prior
operational computer model designed by Applied Psychological Services
under the direction of the U.S. Army Research Institute for the Behav-
ioral and Social Sciences. The earlier model, called MANMOD, simu-
lates the U.S, Army's Tactical Operations System (TOS)--a battlefield
information management and retrieval system, MANMOD (Siegel, Wolf,
and Leahy, 1973) simulates the actions of up to six men functioning as
action officers and of input-output device operators in a TOS,

NETMAN's predecessor, MANMOD, was written in FORTRAN for
batch run processing on the CDC 3300 computer., Several unique aspects
of the FORTRAN available on this system were used in the MANMOD,
MANMOD was extensively tested (Siegel, Wolf, and Leahy, 1972).

Subsequently, MANMOD was expanded to operate in an interactive
computer time sharing mode (Siegel, Wolf, Leahy, Bearde, and Baker,
1973). In this mode, the user can: (1) enter data via a terminal, (2)
easily control changes in simulation parameters, and (3) assess their im-
pact on output,

Later MANMOD was adapted for execution on the Univac 1108
computer, The system specific aspects of FORTRAN were removed {from
MANMOD and several simulation fealures were added to increase the
overall realism of the simulation, The MANMOD was also modified




to allow the exchange of dala with two independent computer models in
such a way as to maximize the strong points of cach computer model
(Leahy, Siegel, and Wolf, 1975a, 1975b).

The simulation technique for task-by-task performance evaluation
in MANMOD was adopted in the development of NETMAN (Siegel, Leahy,
and Wolf, 1977),

Other features from MANMOD used in NETMAN include:

® Message queues are generated at the
beginning of each simulation iteration

® Operator factors (such as speed, pre-
cision, level of aspiration, and stress
threshold) influence performance

® Stochastic variation (i, e., random com-
binations of chance events) is used to in-
crease the genecralizability of the output

® Lists of inputs and run summaries are
automatically provided with various ad-
ditional outputs available as options.

Overview of the NETMAN Model

The NETMAN model simulates each person and each message in-
volved in the data acquisition required for evaluating performance in
field exercise control and moniloring systems. These personnel include
up to 27 referces, 27 radio operators, and 3 controllers interacting in a
fixed nctwork of communication lines linked with a Central Computing
Center (CCC).

The field exercise data acquisition situation which is being sim-
ulated may be viewed as a message processing network configured as
shown in Figure 1, This exhibit symbolically displays 27 simulated refer-
ces (R1 through Rg7) receiving simulated input messages from independent
sources as well as from onc of three simulated controllers (CON 1, CON 2,
or CON 3). Messages arce indicated by the symbol .

Military ficld exercises of some form are observed by refereces,
who complete evaluative and situational reports which are transmitted to
a computer via a radio operator, Messages introduced into the system
are processed by various personnel and the CCC and then delivered to
controllers for evaluation, The field exercise data acquisition is simulat-
cd through random message generation based on pertinent values such as

2
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l' message length, type, and arrival time. Kach generated message is
then processed through the referee -~ radio operator -~ CCC - controller
network, and processing time is determined along with a number of
other descriptive indices,

Each simulated referee in the left to right message processing
flow of Figure 1 performs some appropriate procedure on the simulated
message(s) received. This is shown symbolically by a circle in which
TAR (Task Analysis, Referee) appears. A message then passes to the
corresponding radio operator (one of RO; through R027) for processing
in accordance with some specified task analysis procedure, circle TAO
(Task Analysis, Operator),

Up to 27 simulated messages, each processed by a different radio
operator, could then be ready for entry into the CCC. Entry into the sim-
ulated CCC for any given message is made over the communication line
for the three networks shown. Accordingly, in a given network, there
may be up to nine simulated messages competing for the one available

-CCC input line.

Telecommunication lines are designated in Figure 1, and the re-
sultant queues awaiting CCC actions are designated by ... ¢J.

On a "first-in first-out' basis, the CCC processes messages from
all of the three networks ian accordance with its task analysis procedure--
depicted by circle TAC (Task Analysis, Computer). These messages
then enter another queue awaiting action by one of three countrollers. Each
simulated controller then assesses and operates on the oldest message
from his network in the queue and performs in accordance with the task
analysis for controllers as symbolized by circle TAN.

The loop is closed by the simulated generation of new messages
by the controller for input to one of the referees in his nine-way network
as a function of a parameter input to the model. Besides the link from
the controller to his referees, the referees are also interconnected and
may generate new messages as a result of their interactions with one
another. Up to 5,400 messages may be included in a given simulation
run. During NETMAN's processing of message information, the model
places special emphasis on certain human performance features consid-
ered to be importaant in a field operational system of this sort. These
include operator stress, fatigue, level of aspiration, proficiency, and
precision,

The overall man-machine performance measure calculated by the
model, cffectivencss, is calculated for each day of the simulated exer-
cise. It is composed of four independent factors~-thoroughness, com-
pletencss, accuracy, and recsponsiveness.

4




Output from the model is presented in the form of computer tabu-
lations and terminal displays. These provide data which promote insight
for evaluating alternatives both in terms of absolute «nd relative value,
The printed and displayed output is designed and organized so as to pro-
vide results that answer questions of practical importance, such as:

1, What is the average processing time for a
message which passes through the network
as a function of the frequency of input mes-
sages, operator capabilities, and network
configuration?

2. How do changes of input parameters affect
predicted total man-machine effectiveness
values?

3. What is the loading situation relative to idle
vs. busy time for referees, radio operators,
the CCC, and the controller?

4, How great a stress is placed on the operators?
What is the fatigue profile over the mission for
each type of personnel?

5. Would changes in the task organization of one
or more operators materially affect average
processing time and system effectiveness?

6. What are some effects of operator commission
and omission errors under various conditions?

7. How would increased personnel training or im-
proved personnel selection affect system per-
formance?

The program presents detailed message processing time and er-
ror information, if desired, as well as hourly summary and run sum-
mary outputs. The detailed message processing output shows the fine
grain of the results of the simulation of each task in the processing of
messages.

The hourly summary presents a consolidation of the results of a
simulated hour's work across all iterations and includes items such as:
number of messages completed, time spent working, end of hour stress
level, performance and aspiration, time spent performing various proc-
esses, and average time per message.




The simulation run summary, produced after N iterations of the
exercise, includes manpower utilization, message processing time,
overall effectiveness indicators, and workload summary information,

NETMAN is programmed in FORTRAN IV for the Univac 1108
system, It is organized to allow the user to conduct various numerical
"experiments. " Each computer runofthe model represents a simulation
of a field session up to 10 hours in duration conducted under conditions
as specified by input parameters, Examples of exercise input param-
eters include the frequen:, of messages entered tothe system, the num-
ber of operators, and the speed and aspiration levels of these operators.

A full model descriptionis contained in Siegel, Leahy, and Wolf
(1977) together with a discussion on model utilization, program flow
charts, subroutine definitions, user input-output formats, and task anal-
yses. Recent revisions to the model are described in the updated user's
manual (Leahy, Siegel, and Wolf, 1980) and a full historical summary
has been prepared (Siegel and Wolf, in press).

The EMARS Concept

The EMARS, one of the major concerns of this report, is con-
ceived (Siegel et al,, 1980) as a computer assisted, exercise command
and control system with capability to support field exercises conducted
by the Army up to and including those at the Company level. While de-
ployed operationally, each EMARS system is outfitted for sustained op-
eration at Division level headquarters in which it supports successive
Army combat unit exercises. EMARS fully exploits the potential of com-
puter assisted tactical exercise monitoring as a training and testing
medium.

The overall EMARS functions include:
1. accepting and processing digital data and
information
2. generating situation displays

3. assessing performance and generating
objective scores for individual and com-
bined military units at all tested levels
by time period

4, supporting exercises up to four days in
duration




5., providing multiple hard copy results--
maps, records, scores, and com~
ments,

Overall System Description

The EMARS concept includes a system which is contained in a
single van and is fully transportable. Figure 2 presents anexternal con-
ception of the system and Figure 3 presents a preliminary conception of
the internal arrangement of the persons and equipments in the system.

The personnel complement, other than system maintenance per-
sonnel, consists of five persons; personnel/logistics monitor (PER/LOG),
operations/ intelligence monitor (OPS/INT), indirect fire/air space man-
ager (IF/ASM), exercise monitoring officer in charge (EXMOIC), and ex-
ercise management information officer in charge (EMIC).

All information processing and exercise monitoring functions are
performed by these persons who are tied by communication lines to ex-
ercise control personnel at Division, The first three EMARS' personnel,
PER/LOG, OPS/INT, and IF/ASM receive situation information, verify
it, and enter the information into the computer system for processing
and storage. The other personnel, the EXMOIC and the EMIC possess
the capability to call information from the system at any point in time
and to provide a wide variety of status and performance information for
each unit involved in an exercise, All of the personnel possess access
to the performance data base and each possesses an interactive terminal
with a cathode ray tube,

A hard copy plotter is provided to allow overall presentation of
unit disposition, the planned and actual progress of each unit, a time
history of the progress of each unit, and significant events affecting
progress, Hard copy facsimile can be produced on any cathode ray
tube presentation available to the operating personnel. These displays,
their formats, frequency of use, criticality, and the anticipated user(s)
were described previously (Siegel et al., 1980), In all, the system pos-
sesses the capability for automatically producing 23 different types of
status or performance reports. These individual reports also form the
basis for ar "after action review, "

Application of NETMAN to EMARS

The NETMAN model possesses several characteristics which al-
low it to be useful in testing exercise monitoring and control systems,
First, NETMAN is based on the logic that the basic unit of measurement

7




‘SHVING JO MITA Teuadixyg °g aandryg

THIH
(T




-

*uor3BINSIJUod Teusaljur ,SUVNT ‘¢ aandrg

HILNIEG S3dvL 2OVHOLS O/} ‘AHOWAN ‘43.LNdWOT
VUV GONVNIINIVA Adod QuvH | ouanovw ssviN DNISS390Hd VAVA
WSV/&1 o3 atona LNI/SdO 901/43d 35VHOLS
IN3WdIND3 > > D D >
104LNOD
VININ
-NOUIANS wo/as 1HO/a% 149/ax 1uo/8% luyey
SOIGVYH TVNGIAIGN! HO3 V3BV |/ 1
vIuV
vayy AHLN3
U31Niud 3NWISOVS ¥31107d AdOD QUVH
o

9




in any communication net is the message, its processing time, and its
transmission accuracy. Related to these concerns are NETMAN's abil-
ity to allow simulation of the effects of varying message characteristics

such as message frequency and length.

Second, the NETMAN model allowsthe capability to assess and to
simulate differentially the effects of a number of important operator var-
iables on system performance. This simulation and assessment may be
achieved very systematically. In NETMAN, the performance of each op-
erator is a function of psychological, behavioral, and physiological var-
iables. Operator speed, precision, aspiration, fatigue, and stress tol-
erance all canbe specified and varied to: (1) assess their effects on total
system throughput, and (2) enable a simulation to reflect realistically
what can be expected in the operation of the system.

Third, different exercise monitoring and control systems impose
different behaviorial repertories and task sequences on their operators,
These can be differentially represented in the NETMAN model. This
flexibility of the NETMAN model has been clearly demonstrated in ear-
lier simulations employing NETMAN. These involved the Army's TOS
system (Siegel et al,, 1972) and the Marine Corps' Tactical Warfare
Simulation Analysis and Evaluation System (TWSEAS) (Siegel et al.,
1979).

Content of Subsequent Chapters

Chapter 1I of this report presents the details of applying the NET -
MAN model to the EMARS system for the dual purposes on hand. The re-
sults are presented in Chapter 1II and their relationship to the goals of the
work is discussed in Chapter 1V,

10
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CHAPTER 11

METHOD OFF APPLICATION OF NETMAN TO EMARS

The effectiveness of the EMARS concept was evaluated by system-
atically manipulating a number of NETMAN variables. The variables
served the role or function assigned to independent variables in a formal
experiment, That is, each variable was directly and independently ma-
nipulated over several levels, Each selected variable was independently
manipulated across four values and the effects of the manipulation on mod-
el output were assessed.

Structure of Simulation

The EMARS concept includes a five person crew: personnel/lo-
gistics monitor (PER/LOG), _peratlons/mtelllgence monitor (OPS/INT),
indirect fire/air space manager (IF/ASM), exercise management and in
formation controller (EMIC), and exercise momtormg offlcer in charge
(EXMOIC). The first three of these (subsequently called message proc-
essing personnel) are conceived to possess the responsibility for receiv-
ing and assembling information relative to their respective interest areas,
coding the information, and entering the information into the data manage-
ment system, The final two EMARS personnel (subsequently called moni-
toring personnel), the EMIC and the EXMOIC, possess decision making
responsibility.

Accordingly, the PER/LOG, OPS/INT, and 1¥/ ASM personnel
were conceived as analogous to the radio operators in the NETMAN
scheme and the EMIC and the EXMOIC were conceived as controllers in
the NETMAN scheme,

Referees are not included in the EMARS concept. Accordingly,
the referee representation in NETMAN was not relevant to the present
simulation,

Soime control systems may be designed so that the functions of one
or more positions (levels) are automated or otherwise replaced. To in-
creasc the generality of NETMAN and its applicability to such systems,
the capabilily to bypass a system level during message processing was
recently added to the NETMAN. Advantage of this feature was taken dur-
ing the EMARS simulation, The system level bypass feature was imple-
mented to bypass the referee level of the NETMAN model although mes-
sage generation was simulated, The referce level was bypassed in the




simulation because the EMARS concept assumes ficld data to be acquired
through automatic methods or that field information is delivered manually
to the EMARS van. EMARS does not include referces. In EMARS, once
the information arrives at the van, it is prepared (message generation)
for entry into the computer based system, The result was a more ver-
idical representation of EMARS in NETMAN,

Accordingly, the EMARS simulation involved three NETMAN lev-
els. The assumed analogies between NETMAN and EMARS are:

NETMAN EMARS

Position(s) RO PER/LOG, OPS/INT, IF/ASM,
Controller EXMOIC, EMIC

Processor Computer Computer

This organization allowed full simulation of the EMARS including
receipt of ficld based information by EMARS' message processing per-
sonnel, (PER/LOG, OPS/INT, and 1IF/ASM), entry of these data by EMARS'
personnel into a computer based management system and processing of
these dala by the computer, and action on the basis of the data by EMARS'
monitoring personnel (EMIC and EXMOIC).

Stated alternatively, the EMARS' personnel, their functions, and
their numbers, were defined in NETMAN as two operating nelworks. In
cach network, three levels were represented: (1) PER/LOG, OPS/INT,
and 11"/ ASM, (2) compuler and its systems, and (3) EMIC and EXMOIC.

I'igure 4 presents the representation of cach of the EMARS system
within the general NETMAN flow., |

Task Analyses

The NETMAN model requires as input a lask analysis which re-
flects the task elements required for the performance of each task of cach
of the simulated personnel,

e httinicini hndittineth

Task analytic inputl data for each of the simulated EMARS! posi-
tions arce presented in Tables 1 and 2, Figures 5 and 6 present the flow
of the task analysis for cach position.

In Tables 1 and 2, cach task element is operationalized by its mean

time in seconds for completion, the standard deviation of this time, and the
probahility that the element will be successfully performed, i

12 l
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1.

Task
Elements

Receive
and tran-
scribe
Check,
edit, and
query
Code
Type
Verify

End

Task Analysis for PER/LOG,

Table 1

OPS/INT, and 1I'//ASM EMARS' Personnecl

Time
(seconds)
Success

Mean S.D, Probability
80. 00 30.00 .98
30,00 12,00 .98
15,00 3.00 .98
85. 00 37.00 .98
20,00 12,00 .98

0. 0. 1.0

14

Next Element If
Present Element

Succeeds Fails
2 1
3 2
4 3
5 4
6 3




i

Task

Elements

. Observe

CRT mes-
sage

. Decide

. Query

(Type)

. Observe/

decide

. Get hard

copy

. Query

(Type)

. Observe

. Talk

. End

Table 2

Task Analysis for

EMIC and EXMOIC EMARS' Personnel

Time
(seconds)
Success

Mean S.D. Probability

0.10 0.10 99

5.00 2.00 75

3.00 2.00 99
20.00 10.00 .15

6.00 0.50 .99

3.00 2.00 99
20.00 10,00 .75
160.00 60, 00 .99

0. 01 0,01 1.0

Next Element If
Present Element

Succeeds Fails
2 1
3 9
4 3
5 6
6 5
7 6
8 9
9 8
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The task element times were largely derived from measure- .
ments of the time to complete such task elements on current systems,
The data are believed to represent best available estimates,

The first two task clement times for the PER/LOG, OPS/INT,
and the 117/ ASM's task analysis (Table 1) were dervived by partitioning
the measured time for TWSEAS' radio operators to transmit a message
(except in EMARS, the personnel reccived the message). The last three
task clement times were derived through a set of measurements of the
time required by a program staff member to code, type, and verify a
number of TWSEAS messages,

The task element time assigninents for the EMIC and the EXMOIC
(Table 2) were derived from stop watch measurements of the time requir-
ed by a program staff member to perform each of the task elements at an
in-house cathode ray tube terminal. Task elements 1 and 2 for the EMIC
and the EXMOIC were the time required, on the average, to read a CRT
alerting message and thoughtfully decide on a course of action, The third
and the sixth task element times represented the mean time and its stand-
ard deviation to type a two or three word command into a computer. The
time for the fourth and seventh task clements of the EMIC and EXMOIC
were based on estimates of the time to study a chart or a graph and to de-
rive relevant information. The time for task element 5 of the personnel
at this system level was the measured time for a conventional photocopier
to produce a copy. Finally, the time for task clement 8 was the mean total
time (and its standard deviation) required by TWSEAS' referees to compose
a message.

Task Flow

The simulated task element flow for the PER/LOG, OPS/INT and
1I'/ ASM personnel of the EMARS concept is presented in Figure 5. The
first task element represents the time to receive and transcribe a mes-
sage. The second element embodies the operators' performance in check-
ing and cdiling the transcribed message and making queries about its con-
tenls, intent, or classification, The next element represents the behav-
iors neccessary to code the message for input into the computer, Task
element 4 indicates the time necessary to enter the appropriately coded
message into the computer, This requires specifying the nature of the
data and typing it into the computer. The final elcment expresses the time
neceded Lo verify thoughtfully the information entered and for storing the
informaltion in the data basc. The act of storing the data was assumed Lo
generate an alerting message on the CRT of the BMIC or EXMOIC,

The probability of successfully performing the first four task ele-
ments was set at 0,98, 1For these four task elements, two percent of the
time, an crror was assuied to occur, 1o he detected, and 1o be corrected
by the operator who repeats the necessary element,  The possibility was
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assumed thalt a conceptual error in coding would be mude by the opera-
tor and that the error would escape detection uniil the final verification
clement. Therefore, an error detected during the performance of the
firth element required return to the third clement--the coding element.
This means that the thivd, fourth, and fifth elements needed to be repeat-
ed by the simulated operator,

The structuring and dynamics of the task analysis for the moni-
tors, the EMIC and the EXMOIC, are presented in Figure 6, The first
clement is indicative of the time to read a one or a two word alerting
message presented on a CRT, The message is intended to alert the mon-
itor of a change in the data base., After the rcading of the alertiing mes-
sage, the sccond task element represents the time required to decide
whether or not the alert should be followed up; thatis, should the new in-
formation in the data base be examined., If the simulated operator decides
1o examine the data base, the task flow proceeds to the next element,
However, if the simulated operator decides not to examine the change(s)
in the data base, the task flow is stopped. The third task element requires
the monitor to solicit the information in the changed data base while the
fourth element represents the examination and consideration of this infor-
mation by the simulated monitor. Also represented in this element is the
choice between oblaining a hard copy or notl, If the monitor decides on
hard copy, the task flow proceecds to task element 5. If not, the flow pro-
ceeds to element 6. Task element 6 is another query element in which ad~
ditional information is accessed. The additional information is studied as
element 7. Task element 7 requires a decision on whether to take an ac-
tion or to end the task flow. The action, embodicd in element 8, is either
to contact a field observer or to write a memo for future use., When either
of the two actions is not performed, task element 8 is skipped and the task
flow is terminated at element 9,

Parametrically Treated Variables

Sceven NETMAN input variables were selected for parametric ma-
nipulation in the present work--four physical and three operator parame-
ters. These parameters, along with their variation over model runs in
the EMARS simulation, are presented in Table 3,

The first two physical factors were concerned with the number of
messages involved, The number of messages, of course, determines the
load on the system and the siress on the simulated personnel, The next
two physical factors were concerned with the length of the messages: (1)
received by the processing personnel, and (2) received by the monitors.,
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The opcrator parameters were concerned with the proficiency of
the simulated assigned personnel, their precision, and their level of as-
piration,

There were 22 operational computer simulation runs and a basc-
line run, The operational runs involved a wide spread of variations with-
in cach parameter. In each run, only one parameter was varied while all
others were held at baseline value, The baseline value of each variable
is indicated in a separate column of Table 3. These values were essen-
tially "normal" operating conditions whose output was compared with the
output produced by the other parametric variations listed,

The "control" column of Table 3 represents the input to a previ-
ously completed simulation run for the TWSEAS system (Siegel, Leahy,
and Wolf, 1979). The run selected is the available prior run which most
closely approaches the baseline parameters of the present simulations,
The representation of the TWSEAS system in NETMAN is shown in Figure
7.

Each of the runs was esscntially a replication of the baselinc run
with one parameter varied, All the input values listed under the "Base-
line' heading of Table 3 were included with the exception that the numeri~
cal value specified under the appropriate run number was substituted for
the corresponding baseline value. For example, in run 1 the number of
messages generated per stimulus message was set to itwo--the two was
substituted for the baseline value of one message generated per stimulus
message, Likewise in run 4, the ten was substituted {forr the mean of
three messages per hour in the basecline and four was substituted for the
standard deviation of {wo messages per hour,

Each run simulated system performance over a four hour period

and wus based on five iterations, This number of iterations has becn
found previously to yicld a stable result,
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CHAPTER III

RESUL'I'S AND DISCUSSION

T'he parametric variations described earlier led to a variety of
data which were employed to evaluate both the EMARS system and the
utility of the NETMAN model for such system evaluative purposes.

Message Completion

The number of messages moving through the simulated networks
was manipulated by varying two NETMAN input variables: (1) the number
of messages generated per stimulus messages, and (2) the number of
stimulus messages per processing person per hour (see Table 3). Func-
tionally, both variables had the same effect--either to augment or attenu-
ate message frequency.

The number of simulated messages generated per stimulus mes-
sage was cither 1 (baseline), 2, 3, or 4 (runs 1, 2, and 3 of Table 3) and
the mean message frequency was either 3 (baseline), 10, 20, or 30 per
hour (runs 4, 5, and 6 of Table 3). This translates to a message frequency,
on the average, of 3 (baseline), 6, 9, 10, 12, 20, or 30 per operator per
hour., The results of these simulations differentiated on the basis of op-
erator type (PER/LOG, OPS/INT, and IF/ASM combined or EXMOIC and
EMIC combined) are presented in Figure 8 in which the number of mes-
sages completed is plotted as a function of the mean message frequency.

The effecis of increasing the mean message frequetcy were to in-
crease substantially the number of messages completed., The rate of
change was not constant across the rather large increase in message fre-
quency. Rather, the distribution of the messages completed for both the
processing personnel (PER/LOG, OPS/INT, and IF/ASM) and the moni-
tors (EXMOIC and EMIC) tended to be ogival. A positive rate of change
was observed in the number of messages completed up to a mean message
frequency of about 10 per hour per opcrator., Message frequencies above
10 tended to be associated with increasingly smaller changes in the rate
of messages completed. This suggests an upper level for the EMARS sys-
tem of about 10 messages per operator per hour.

Comparing the messages complelcd across personnel levels indi-
cated an increasingly large difference as message frequency increased.
These differences were probably due to the fact that the two simulated
communication nets had different simulated work loads.  The first net,
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Figure 8. Number of messages completed as a function of
message frequency per hour per operator.

consisted of three persons (PER/LOG, OPS/INT, and EXMOIC) while
the second net was composed of two persons (IF/ASM and EMIC). Ac-
cordingly, the simulated monitor in the second net had to process more
output to keep up with the processing personnel at the first level. This
finding suggests that EMARS' function might be improved by adding a
monitor.

However, regardless of the differences between levels, the most
relevant finding concerned the increasingly large number of messages
completed. The positive relationship observed betw~en mecssages com-
pleted and message frequency was apparently achieved because of the
ability of the simulated EMARS' personnel to adjust to the changes in de-
mand. The message processing was accelerated by two related operator
adjustments: (1)the time pcr message was reduced--the operators work- h
ed faster, and(2)the time spent working increased. Thesc adjustments
are rcflected in Figure 9 in which time per message and percentage time !
busy are plotted as a function of messuge frequency. i ’
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The time per message declined [Figure 9 (A))with increases in the
message frequency.  This decline was most apparent for the processing
personnel. For these persons, the processing time per message de-
creased by approximately twenty percent as message frequency increasced
from 3 to 30 per operator per hour,

Less decline was found in the monitors' processing time per mes-
sage. Here, the decline was only about six percent of the maximum. This
lesser time decline may be due to the unequal work load between the two
levels., The monitors, possessing a heavier work load, may have been
forced to speed up carlier to their maximum rate and to level off at this
maximum.

The results for the other NETMAN output (percentage time busy),
which reflected the simulated behavior of the EMARS' personncel, are pre-
sented in Figure 9(B). The distributions of the busy time were similar to
the distributions of the messuges completed. That is, they were somewhat
positively accelerated up to a frequency of 10 messages per hour and neg-
atively accelerated thercafter., Apparently, the increased message load
was met by the simulated operators working more and working faster,

Stress

Concomitant with the two adjustments in simulated performance
were concurrent and interdependent changes in the mean stress of the sim-
ulated personnel. Succincily, NETMAN operates such that, as percentage
time busy increases, stress on the simulated operalors increases; as
stress increases the pace of the simulated operators increases and the
time for message completion decrcases. The mean stress, differenti-
ated on the basis of type of operator, is plotted as a function of message
frequency in Figure 10, The distributions of stiress tended to be flat un-
til a moderate message frequency value was reached., At this point,
mean siress accelerated over the remaining message frequencies., The
value at which the stress level changed varied across cperator levels,
The processing personnel's siress was invariant up to amessage frequen-
cy of nine. Beyond that value, stress increased al a decreasing rate and
reached 1,90 at the highest message frequencyof 30, The monitors' mean
stresgs was constant up to 10 messages per hour per operator, Then, the
stress level increased and reached a value of 1.70 at a mmessage frequen-
cy of 30, In neither case did the mean stress appear to asymptote.

Accordingly, il seems that the operators in the EMARS system

are placed under moderate stress under higher message frequencies and
that mcthods may be necded to ameliorate their stress.
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Figure 10.Mean stress as a function of message frequency.

Overall Effectiveness

The NIETMAN model also provides a measure of overall effective-
ness, The overvall effectiveness index, with a range ot 0,0 to 1,0, repre-
sents a welghted geometric mean of four component measures; (1) thor-
oughness, (2) completeness, (3) responsiveness, and (4) accuracy. The
theroughness component vrepresents the ratio of messages completed to
the total messages available to be started, Completeness is related to
the success/failure ratio for task clements across personnel and mes-
sages; it can be thought of as the average performance level, Responsive-
ness is determined as the message processing time, which includes man
and computer working time, divided by the total time to process the mes-
sage, which also includes delays and time spent waiting in queue. Accu-
racy is a function of information loss within the system.

Overall effectiveness is plotted against message (requency per op-
erator per hour in Figure 11, Over the message frequency range involved,
ctfectiveness varied about eight percent with a range of 0.86 to 0,94, The
shallowness of the overall effectiveness decline suggests that KMARS is
reasonably suited to a task of handling increasingly greater quantities ot
incoming messages and moving them through the system. This observa-
tion is supported through a comparison of the calculated effectliveness of
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MESSAGE FREQUENCY
Figure 11, Overall effectiveness for EMARS and TWSEAS-
type systems as a function of message frequency.

the EMARS system with the results from the NETMAN sensitivity testing
which was based on a TWSEAS-type system (Siegel et al., 1979). As in-
dicated in Figure 11, the overall cffectivencss of the TWSEAS-type system
was not only considerably lower than EMARS but also the overall effec-
tiveness of the TWSEAS-type system fell to ahout 0,63 when the message
frequency reached 30, The corresponding overall effectiveness for EMARS
was 0, 86,

Thoroughness

Examination of the components of the overall effectiveness index
indicated that the declining relationship was almost exclusively a function
of the thoroughness component. The thoroughness index for EMARS de-
clined from 0.93 to 0.67 as mussage frequency increased from 3 to 30
per hour per operator,

28
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In the NE'TMAN sensitivity testing with a TWSEAS-type system,
changes in message frequency over a range of 5 to 30 (a range compara-
ble to the 3 to 30 range used in the KMARS!' cevaluation) produced a very
strong reduction in thoroughness, With message frequencies of 30, the
thoroughness measurc for the TWSEAS-type system was between 0, 10
and 0,20, This was very much below the 0, 67 measure reported for
EMARS.

Figure 12 presents the thoroughness index for both systeins plotted
against message frequency, When message frequency was low, the thor-
oughness indices for both the EMARS and TWSEAS-type systems were
similar, As message frequency increasced, the thoroughness for both sys-
tems declined. llowever, there was an increasingly large difference be-
tween systems. 1t appears that the TWSBAS-1ype system degraded much
morece rapidly and to much lower level with increases in message frequency
than the EMARS system,

I'ield Message Liength

The next set of variable manipulations examined the length of the
messages received by the processing personnel. The effects of message
lengths of 10, 30, 100, and 1000 characters per message were evaluated,

The relationship between field message length and the number of
messages completed is presented in Figure 13. The number of messages
completed appeared to be rather independent of field message length up to
a length of 1000 characters, The number of messages completed was he-
tween 240 and 280 for both the processing personnel and the monitors when
the field message length was 10, 30, or 100 characiers per message., How-
cver, when the length was 1000 characters, the messages completed dropped
to about 25 for all of the EMARS personnel, This stability of outpul was
apparently achicved by the concomitant adjusiments in the message proc-
essing time, as affected by the stress variable within the NETMAN mod-
el's logic. However, EMARS seems to be message length sensitive and
limiting the number of characters in any message seems indicated for the
system.

The time per message is ploited as a function of the ficld message
length in I'igure 14, The effects of field message length on time were dif-
ferent for the processing and the monitoring persomel, Changes in ficld
message length had no effect on monifors’ times; the times remained con-
stant at around 130 scconds, The monilors' invariant processing fimes
werae expected because they receive processed data rather than field mes-
sages,
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Figure 14. Time per message as a function of field message length.

There was a considerable effect of message length on the mes-
sage completion time for the processing personnel (Figure 14), It ap-
pears that the limits of the EMARS' processing personnel were excecded
when message length was between 100 and 1000 characters.

Further insight into the point at which message processing was
affected can be obtained by examining the percentage of time busy for the
various operators. This dependent measure is plotted against field mes-
sage length in Figure 15, 'The trend of the completion times was again
very different across the personnel levels. The percentage time busy for
processing personnel increased as the number of characters increascd.
The percentage time busy for the mounitors remained level at lower mes -
sage lengths but, when message length reached the highest value tesled,
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Figure 15, Percentage time busy as a function of message length.

the time busy dropped to a few percent.  The inability of the simulated
processing personnel to process the extremely long messages (1000 char-
acters) had the effect of virtually stopping all flow into the system's
higher levels.

Sven the increased stress on the processing personnel, as simu-
lated in the NETMAN model, was notl sufficient to offset the cffects of
1000 character messages.

The cffectiveness measurces also reflected the rather strong inhib-
itory action of increased message length., Overall effectiveness and its
components are plotted against field message length in IFigure 16. The
thoroughness und the responsiveness components both dropped from mod-
erate or high values, when the message length was 100 characters, to low
or moderate levels when message length was 1000, 'The resull was a par-
allel depression of the overall effectiveness index,
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Figure 16, Overall effectiveness and effectiveness components as a
function of field message length.

A comparison of the EMARS' effectiveness degradation as a func-
tion of message length with the corresponding measure for a TWSEAS-
type system suggested greater robustness for the EMARS system. The
pertinent data from both the EMARS and TWSEAS-type simulations arc
presented in Table 4. Some differences in the runs are noted here:
(1) in the low to middle range, ENMARS' field message length was 30 char -
acters whereas the TWSEAS-type's was 22, and (2) the NETMAN evalua-
tion using the TWSEAS-type structure did not include any field messages
longer than 100 characters, Within these limitations, comparisons were
possible and are presented in Table 4,
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The thoroughness measure for EMARS was obscrved to be con-
i siderably higher aucross cach comparison, In addition, responsiveness
was found to be almost twice as high in EMARS as in the TWSEAS-type
system when the length was 100, In fact, the responsiveness measure
of EMARS was higher at 1000 characters per field message (value of
0.70) than the TWSEAS-type at 100 characters (value of 0.47).

The change in accuracy over the changes in message length was
trivial for ENARS. The accuracy values were consistently high (0.97
to 0. 99) but, for the 100 characters per message length, the TWSEAS-
type system was considerably less accurate (0.74).

The EMARS's showed a five or six point overall effectiveness ad-
vantage over the TWSEAS-type system when the message length was low,

However, at 100 characters per message, the difference was considerable.

Staff Message Length

The final physical variable examined the efiects of message length
-~ to the monitors--the IXXNMNOIC and EMIC.

The monitors'time per message completion increased (Figure 17)
when message length was greater than 100 characters. This processing
time at 700 characters per message, in turn, increased busy time from
about 28 percent in the bascline to about 36 percent. The effect of field
message length on the overall effectiveness index or on its components
was necglible except for the thoroughness component. Essentially, the
same cffeet was reported from the TWSEAS-type sensitivity test(Siegel
et al., 1979), i.c., litlle variability in effectiveness measures as a func-
tion of staff message length, The only effect of any consequence was ob-
scrved in the thoroughness component, Thoroughness values within and
between systems were:

Staff Message

Length in Thoroughness
Characters TWSEAS-type EMARS
50 . 97 .98
100 .98 .98
300 LT .93
700 (TWSEAS-type sensitivity .90

results were not reported
for staff message lengths
greater than 300.)
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Figure 17, Time per message as a function message length
to monitors.

The thoroughness measures for the two systems compared were equiva-
lent and high across the first two staff message leugths--50 and 100 char-
acters in length. However, at a length of 300 characters, the TWSEAS-
type's thoroughness dropped sharply to 0. 77 whereas that for the EMARS
decreased only slightly to 0,93, More importantly, staff message lengtlhs
of 700 characters only reduced the thoroughness to 0,90, This value is
higher than that obscrved for the TWSEAS-type when the length was 300
characters, '

Behavioral Varviables

Three behavioral vaviables were manipulated in the EMARS' con-
cept evaluation: (1) operator proficiency, (2) operator precision, and
(3) operator level of aspiration.  The effects of these variables on system
performance and on the effectivencess index are examined in this scction,
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Operator Speed

NETMAN allows simulation of operators of various proficiency
(speed) by way of input values, In the BEMARS' concept simulation, the
effects of operator proficiency were examined over the range of 0,7 (con-
siderably above average) to 1,6 (considerably below average) where 1,0
is average,

The effects of varying simulated operuator proficiency on perform-
ance are presented in IFigure 18 (A) for the number of messages completed
and in IMigure 18 (B) for the time per message. The proficiency variation
had a linear effect on both dependent variables,

As would be anticipated, the number of messages completed was
positively related to the proficiency values assigned to the simulated op-
erators, The reduction in messages completed with decreases in simu-
lated operator proficiency was of moderate magnitude. FPor the proces-
sing personnel, the reduction was approximately 14 perceni, whereas
the reduction for the monitors was about 15 percent, as proficiency var-
ied from 0,7 io 1,6,

As the simulatled proficiency increased, the time per message de-
creased, With decreasing proficiency, there was a tendency for the proc-
essing personnel’s message completion time {0 incrcase at a faster rate
than did the message completion time for the monitors, This finding is
concordant with the prior implication of any uneven work load across the
two levels. The magnitude of the difference between levels was about 42
percent when the operators had 0.7 proficiency assignments, This valuc
increascd to about 106 percent when the simulated operators possessed
1,6 proficiency assignments.

The change in time per message was reflected in the percentage
time busy, Percentage time busy varied from 23 to 39 percent and 19 {o
31 percent when proficiency varied between 0,7 to 1,6 for the processing
persomnel and the monitors, respectively.,

The overall effectiveness index and some of its components also
suggestied a rather dirccetl effect of operator proficiency on system per-
formance. Thoroughness, responsivencss, and overall effectiveness ex-
hibited sensitive changes in simulated operator proficiency. When pro-
ficiency was 0.7, thoroughness rose to 0,8z, ‘This thoroughness value
wus the highest observed throughoul this evaluation, As proficiency de-
creasod, thoroughness decreased and was 0, 86 when proficiency was 1, 6.
In a similar manner, responsiveness ranged from 0, 95 to 0,7Y as profi-
cieney varied from 0,7 to 1.6, Overall effectiveness exhibited similar
changes and ranged bhetween 0, 94 and 0, 89,
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The cffects atiribuiable to manipulations in proficiency were some-
" what lower in magnitude as compared with the effecets observed for the
physical factors, This finding was to be expecled and is similar to the re-
sults reported in the NETMAN sensitivity tests (Siegel et al., 1878), The
proficiency variables had only a limited impact on effectiveness in the
TWSEAS-type situation, The values and distributions of the responsive-
ness and thoroughness measures were very similar between systems,

Precision

Precision, scaled similarly to proficicney, represented the aspect
of human error generation. The lower the precision value, the fewer the
number of errors that would be expected to enter the data base, The ef-
fects of precision on the EMARS were evaluated by examining four pre-
cision values--0,8, 0.9, 1.0, and 1,1,

The messages completed data and the corresponding time per mes-
sage are plotted against precision in Figure 19, An effect very much like
that reported for proficiency was found in the relationship beiween mes-
sages completed and precision [Figure 19(A)], That is, the number of
messages completed tended to be linearly related to simulaled precision
and similar distributions were evidenced across operator levels., Across
operator levels, the degrec of the change was also of the same magnitude-~
about 20 percent,

The similarities between the effects of proficiency and precision
were not maintained when the message processing times werce considercoed
[Figure 19 (B)]. The time {o process a message was somewhat invariant
when the simulated precision values were between 0, 8 and 1, 0 fo: both
the processing personnel and the monitors, ‘Thercafter, time was affect-
c¢d more markedly by proficiency than by precision, Time per message
for processing personnel increased from approximately 240 and 394 sec-
onds ovcr the precision values of 0,8 to 1,1, This represents a 64 per-
centi increase, The monitors! average processing time increase was
somewhatl less--46 percent,

The effects of precision on time were reflected in percentage of
time busy, The highest percentage time busy was 41 for the processing
personnel and 29 for the monitors,

The completeness and responsiveness effectiveness components as
well as overall effectiveness varied as a function of simulated preci-
sion, One of these measures, responsiveness, was also found to vary




PajpInws Jo uolouny © s0(g) abossaw Jad awy pup(y) pase|durod sabossa

NOISID34d
MO 1 o4 60 80 HOH
o
oal
(o]
o
k4
m
202 o
m
o
° z
m
7]
o
8
qooe M
SHOLINOW ©
T3INNOSH3d ONISSIO0Hd @ 4 o0v
&g

Mo 4y

“UoIs10a.d J0jD4ado

NOIS(D38d

W ‘6T ainbyy

ot 60 80 HOIN

T T v

SHOLINOW ©

T3INNOSY3d 9NISSII0UL @

7 oze

o2

092

o8z

03137dW0D S39vSSIn

40




as a function of precision in the TWSEAS-type sensitivity test (Siegel et
al., 1979). A comparison of the cffects of simulated operator precision
on the responsiveness component for the EMARS and the TWSEAS-type
systems is presentied below:

[ 2]

Responsiveness

Precision EMARS TWSEAS-lypc
0.8 (high) 0.92 -
0.9 0.92 0. 92
1.0 0. 92 0. 89
1.1 (low) 0.78 0.50

While the precision value for more precise operators was gener-
ally high for both systems, the magnitude of the drop was greater for the
TWSEAS-type sysiem than for the EMARS when less precise simulated
operators were Involved, The responsiveness for the former was 0.50
and that for the latter 0,78 when precision was 1,1 (low),

The completeness component also varied as simulated operator
precision was varied., Completeness of the EMARS system, measured as
the ratio of successfully completed task elements 1o the total number of
clements, acted very much like responsiveness. The completeness index
was high and stable over the moderate and high simulated operator pre-
cision levels but decreased when simulated precision was 1,1 (low), The
drop was from an average of 0.95 {o a level of 0,82,

Aspiration

The effect of operator's level of aspiration depends, in the NISTMAN
model, on a complex interaction with the current levels of performance and
stress on the simulated operators,  Simulated performance is affected under
four conditions in NETMAN:

1. when the simulated personnel are perform-
ing below their level of aspiration and are
only mildly stressed, there is a positive
pace adjustment factor due to aspiration,

2. when the simulated personnel arve perform-
ing above their level of aspiration and stress
is Jow, there is a decreasce in the operator's
level of aspiration,




3. when the simulated personnel are perform-
ing below their level of aspiration but arc
under high stress, the level of aspiration
is reduced and the speed of performance is
degraded,

4. when the personnel are performing at their
level of aspiration bul arc under high stress
there is an increase in stress.

Aspiration level, with a range of 0,8 to 1,0, is scaled dircctly in
NETMAN. That is, higher values reflect higher aspiration levels, To
evaluate the effects of operator aspiration on EMARS' performance, in
separate runs, operator aspiration was sct at: 0,8, 0,9, 0,95, and 0, 99,

Varying the simulated aspiration level of the simulated operators
had a moderate effcct on both system performance and effectiveness.
There was an increase in the number of messages completed (about 10
percent) and in completencss (about 5 percent).

Examination of the final aspiration levels indicated them to be such
as to be active within the model, The assigned and final aspiration levels

were:

Aspiration Levels

Final
Assigned Processing Personnel  Monitors
0.80 » 85 % 83
0.980 .92 .91
0.95 . 96 .95
0.99 .99 .99
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CIHAPTER 1V

DISCUSSION AND CONCLUSIONS

The evaluation of the EMARS concept employing the NETMAN
model progresscd along scveral dimensions. One dimension was con-
cerned with the practical aspects of the EMARS system and its limits
and strengths. Another dimension was concerned with a comparison of
EMARS' performance and effectiveness with that of TWSEAS-type systems.
The final dimension was concerned with evalualing NETMAN'S effective-
ness and adaptability as a ficld exercisc monitoring and control system
evaluation technique.

EMARS -

Svaluating the EMARS system through employment of the NETMAN
model required the development of a unique data base and task analysis
along with the use of some of the NETMAN model's special features. The
evaluation progressed over a parametrically manipulated set of variables
grouped into two classes--physical and psychological. The results pro-
vided unique insight into the processing capability of EMARS and its strengths
and weaknesses. The simulated EMARS system was capable of handling a
very high message frequency. The cffects of varying field message length
were indicative of the limits of the system. Field message lengths over
100 characters or message frequencies over 10 per operator per hour were
disruptive to TMARS.

High staff message lengths did not induce the same disruptive ef-
feets as lield message lengths,  The results suggested that the EMARS!
effectivencss could also be improved with the addition of one monitor,

Manipulation of psychological factors indicated modcerate operator
effects. Operator proficiency and precision had linear effects on system
performance, Sysleni thoroughness, responsiveness, and completeness
were found sensitive to simulated proficiency and/or precision., Accord-
ingly, some training requirements seem required for EMARS' personnel,

TWSIKAS

When it was possible, the performance and the elffectiveness meas-
ures obtained from the WMARS' evaluation were comparced with prior sim-
ulations of a TWSTEAS~-type system,

BEST AVAILABLE COFY
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Comparing the EMARS with the TWSTAS-{ype system indicated the
EMARS 1o be more robust and Lo possess a greater capacity,

Across systems, comparisons rather consistently suggestied that
the EMARS concepl was superior on a variety of measures. The most
pronounced differcences were observed across message frequency. The
overall effectiveness and the thoroughness of the TWSEAS-type sysiem
were much more severely degraded than the EMARS as message frequen-
cy increased. In fact, the decline for EMARS was somewhat shallow,

Rather large differences befween the two system types were also
indicated when field message lengths were varied._ Even where EMARS!
data suggested considerable inability to process very long field message
tengths, the EMARS simulation indicated less degradation and EMARS per-
formed comparatively better,

In terms of the psychological variables, for which differences be-
tween the systzms were not as pronounced, the EMARS system handled
messages more cffectively across changes in simulated operator precision.

Overall, it appears that the EMARS concepl possesses advantages

over the TWSIEAS-type system in situations in which work load is expected
to be moderate to high,

NETMAN Evaluation

Onec of the purposces of the present work was to test further the
capability or utility of the NETMAN model, The test was demonstrative
rather than quantitative in nature. The use of NETMAN to evaluate the
BEMARS demonstrates NETMAN's adaptability by applying NETMAN to a
novel communication network and its personncl. The results yielded a
variety of insights relative to EMARS' design and,tll‘e’ resulls were rational
in terms of dircction of change with variation in input parameters, More-
over, NIIT'ATAN was sensitive to differences in design characteristics and
performance capabilitics among the EMARS and TWSEAS~type systems.

NETMAN's sensitivity to differences in the simulated systems
suggests that computer modeling of ficld exercise monitoring and con-
trol systems may be a reasonable way to test cconomically and effic-
ienily the capabilities of such systems while they are in the conceptual
stage of development, Morcover, il scems that such evaluations may
be completed with some degree of precision and some assurance that the

BEST AVAILABLE corY
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resulls will possess meaningful Implications for equipment and personnel
subsystem design,

The resulis of the cartier sensitivity and validation tests (Sicgel
et al,, 1979) of NETMAN, along with the current findings, combine {o sug-
gest that NETMAN is a uscful evaluation tool. 1ts validity was previously
demonstrated and contentions favoring its flexibility and adaptability are ;
supported by the present work,
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| GLOSSARY

accuracy a component of effectiveness, one minus the quo-
tient: total information loss/number of messages
completed.

cccC designation for the central computer which receives
messages, processes them, and decodes them for
presentation to the controllers.

completeness the average of all operator performance values taken
over all men simulated (i. e., the percentage of task
elements performed successfully). A component of
the effectiveness,

controller personnel who receive field information generated
by referees, sent by radio operators, and decoded
by the computers and who use this information to
organize and conduct military field exercises.

effectiveness measure of the capability of a military unit to per-
form. A variable determined as a function of the
thoroughness, completeness, responsiveness, and
accuracy variables.,

EMARS the concept for a system whose purpose is to monitor
a military exercise, to assess performance of the
military personnel, and to report the results of that
assessment,

execution time the value calculated by a simulation model to represent
the actual duration of performance by the simulated
operator(s) under current conditions.

exercise monitoring a collection of equipment, personnel procedures, and
and reporting system support capable of assessing proficiency of a military
field exercise semiautomatically.

1/ O device operator a person responsible for operation of an input/output
device, i.e., computer peripheral device such as a
terminal. -

iteration the number of times a simulation situation is re-

peated in a model to level out stochastic effects.
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message

message completion

NETMAN

operator aspiration

operator fatigue

operator performance

operator precision

operator speed

operator stress

radio operator

responsiveness

a series of alphanumeric characters, formulated
in accordance with a defined procedure which can
be transmitted between persons/computers simu-
lated by a model.

the completion of processing of a message by all
operators (and CCC)which processes it in sequence,

a computer simulation model for evaluation of mil-~
itary field exercise management systems in which
the processing of each message by each person is
simulated.

the value of operator precision to which a simu-
lated operator aspires; represents a person's goals,
expectation, or motivation level.

a measure of a simulated operator's current level
of physical exhaustion as a result of the amount of
work, rest, and/or sleep he has experienced.

the percentage of tasks completed successfully for
a given operator,

a measure of a simulated operator's rate of error
in performing tasks. (High precision is lower value
in NETMAN. )

a measure of the relative time in which a person
can perform tasks which are predominantly motor
oriented, closely related to operator proficiency.

a measure of the pressure perceived by one or
more operator(s)to complete the remaining sim-
ulated subtasks; a measure of simulated operator
state of mind involving a threat or negative impact.

an operator who processes messages for entry via
his radio on a'first-in first-out' basis as they are
completed by the referees.

a functional component of effectiveness; a ratio of
average message processing time (i. e., referce
start to controller end) to average total elapsed
message time including idle periods.
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stimulus message

simulated message

simulated model

stochastic model

subtask procedure

system entry message

or stimulus message

task analysis

thoroughness

TWSEAS-like system

a message entered into the system. A stimulus
message may generate one or more messages to
be processed within the system.

a vector whose elements represent the primary
characteristics of a military message (e. g., length
in characters, priority, type, and ID number.

a representation of behavior and behavioral iaflu-
ence implemented on a digital computer so as to
allow prediction of an event or event sets.

a simulation model containing Monte Carlo or game-
of -chance techniques involving the use of pseudo-
random numbers in the calculations of current mod-
el variables.

a number identifying a subtask which must be suc-
cessfully completed prior to initiating work on
(simulation of) a given subtask.

a message which enters the simulated system from
outside the system and which, upon entry, generates
one or more messages in the simulated system.

a sequential list of subtasks which comprise a task;
includes data and information describing the per-
formance characteristics of each subtask.

the ratio of the number of messages completed per
hour to the total number arriving during the hour.
A component of effectiveness.

a system in which the message generation and proc-
essing by operators and computer is handled in a
way similar to that utilized in the TWSEAS military
system.




