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FOREWORD

The Human Factors Technical Area of the Army Research Institute (ARI)
is concerned with aiding users and operators to cope with the ever in-
creasing complexity of the man-machine systems being designed to acquire,
transmit, process, disseminate, and utilize tactical information on the
battlefield. The research is focused on the interface problems and in-
teractions within command and control centers and is concerned with such
areas as topographic products and procedures, tactical symbology, user-
oriented systems, information management, staff operations and procedures,
sensor systems integration and utilization, and issues of system
development.

The current symbology, as provided in FM 21-30 and FM 21-21, is
widely agreed to be inadeguate. As a result, a number of Army agencies
are working to evolve special sub-sets of new or modified symbols that
are better suited to their particular information-processing needs. In
the absence of a common frame of reference, these efforts could result
in a proliferation of specialized symbols that meet the needs of some,
but not all, potential users. The present publication tries to identify
and categorize the situational, information, and behavioral factors that
contribute to the effective design and use of visual symbols for repre-
senting the battlefield. This analysis is a necessary first step in the
development of a comprehensive framework, typology, and theory of tacti-

cal symbology.

Research in the area of tactical symbology is conducted as an in-
house effort augmented through contracts with organizations selected for
their specialized capabilities and unique facilities. The present study
was conducted by personnel of Perceptronics, Inc., under Contract
DAHC19-78-C-0018. This research is responsive to requirements of Army
Project 2Q762722A765 and related to special requirements of the Combined
Arms Combat Developments Activity, Fort Leavenworth, Kans. Special re-
quirements are contained in Human Resource Need 78-98, Graphic Symbology
for Automated Tactical Displays and 78-150, Optimizing Display of Topo-
graphic and Dynamic Battlefield Information.

JEPH ZEIDNER
echnical Director
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A FRAMEWORK FOR THE DEVELOPMENT OF AN IMPROVED TACTICAL SYMBOLOGY

BRIEF

Requirement:

To improve the effectiveness and enlarge the scope of the symbology
used to represent tactically significant objects and/or events on the
battlefield.

Procedure:

In order to develop a comprehensive framework for defining symbology
issues, an analysis was performed to identify task-based information re-
quirements. The analysis was based on four basic task dimensions con-
sisting of (1) a user category--i.e., command group, combat support staff,
and service support staff; (2) a task category--i.e., assessment, plan-
ning, and tactical communications; (3) a military operations category--
i.e., offense, defense retrograde, and special operations; and (4) an
information category--i.e., enemy situation, and terrain/weather.

Findings:

The task-~based information analysis was demonstrated to be an ef-
fective means for eliciting from experienced tacticians many of the
"questions" important to battlefield command and control operations.
These questions were categorized into three types: (1) those amenable
to expression via current symbology; (2) information deficiencies--i.e.,
tactical questions which current symbology has failed to answer; and
(3) information imperatives-~i.e., new questions which will require new
types of symbolization.

Utilization of Findings:

The products of this analysis will contribute to a methodology
which will aid in the development of new or modified tactical symbols
that portray the status of the battlefield more completely and
understandably. :

vii
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A FRAMEWORK FOR THE DEVELOPMENT OF IMPROVED TACTICAL SYMBOLOGY

1. SUMMARY

e Statement of the Problem

The use of military symbols dates back at least to the days of Napoleon.
Warfare has changed since that era and so have the methods by which the
battlefield environment is graphically portrayed. Yet the symbology used
to portray the tactical situation has remained the same for decades.

The following question therefore emerges: Is conventional symbology
adequate to meet the tactical needs of today's user? Conventional
symbology (as represented in Army Field Manual 21-30, Military Symbols)

has been criticized for such reasons as: the level of detail is often
inappropriate; the details of the code are hard to remember; the extrac-
tion of salient information is aifficult; and, the adaptation to automated
displays is cumbersome and inefficient. Consequently, there seems to be

a widespread concensus that the mechanics and utility of the current
symbol system are being severely strained by the increasing volume and

complexity of tactical data.

Fortunately, modern electronic storage and display systems are now avail-
able that may significantly reduce this information processing burden.

In particular, it is now possible to look forward to the development of
improved symbology that is expressly designed to exploit the advantages

of computer technology. Whereas conventional symbology is static in
nature--requiring a one-to-one mapping of symbol-to-concept, improved

and new types of symbology may be dynamic--permitting the form and content
of symbols to change in response to changing user requirements. Consonant
with this increase in information processing power and display, modern
symbology may come to assume a larger role in tactical assessment and
planning. Thus, to set the stage for these new developments, this report
attempts to establish a framework for considering the relevant issues and




| il

requirements as well as the design and evaluation principles surrounding
improved, user-oriented tactical symbology.

1.2 Technical Approach

1.2.1 A Framework for the Development of Improved Symbology. The

development of a symbolic language for communicating tactical information
entails the specification of the tactical database (content) as well as
the identification of perceptually effective design criteria (form). Our
perception of the components in the development process and their inter-
connectedness are illustrated in Figure 1-1. The organization of this
report begins with a discussion of selected issues that point to needs
and directions for improving tactical symbology (Chapter 2). The deri-
vation of the content or information requirements of tactical symbology
is then the subject of a prototypical, task-based analysis described and
pilot-tested in Chapter 3. A complementary behavioral analysis of design
criteria for effective symbology follows in Chapter 4. Finally, evalua-
tion procedures are required to monitor the progress of development
efforts; Chapter 5 describes a diversified set of assessment criteria

for evaluating the adequacy of information content, the effectiveness of
symbol design, and the impact of symbology on tactical decision making.
The following paragraphs provide a brief summary of the objectives and
methodology for each area of program effort. The reader is referred to

appropriate chapters of this report for a detailed discussion of each
topic.

1.2.2 Tactical Symbology: Selected Issues and Analyses (Chapter 2).

Emerging doctrine and advancing technology call for the development

of improved tactical symbology. Although conventional symbology

(FM 21-30) can convey basic unit information (e.g., identity, function,
size and weapon type), it cannot communicate a richness of detail
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considered important by command personnel, and it cannot accommodate most

of the new "imperatives" of tactical doctrine (e.g., FM 100-5, Operations).

In contrast, an improved tactical symbology seems to require the ability
to portray additional dimensions of information such as the dynamic
composition of units (e.g., combined-arms team), unit capability (e.g.,
threat, effectiveness, mobility, firepower), information dependability
(e.g., accuracy), and the updated nature of elements in the current

display (e.g., changes in unit position). Such parameters of information,

which vary in their degree of abstractness, appear to be necessary for
supporting modern tactical performance.

Another requirement to be considered in the framework for an improved
tactical symbology is the development of procedures for information
selection. Different groups of users (e.g., different echelon levels)
will require different subsets of information to be displayed, and
different data will be important in different tactical situations (e.g.,
different terrains or intensities of war). In this regard, advancements
in automated data-processing systems will likely impact upon the develop-
ment and implementation of a more dynamic and flexible symbology system.
The fulfillment of both the representation and selection requirements
carried by improved tactical symbology, however, must occur within

the limits of certain constraints, such as those imposed by user accep-
tance, and interservice and international (i.e., NATO) standardization.

1.2.3 A Query-Based Methodology for Content Analysis (Chapter 3).

One of the most basic ingredients of symbology development should be

the expansion of a tactical database (i.e., organized set of information
requirements) to accommodate both the emerging principles of tactical
doctrine (e.g., FM 100-5) and the increased precision and range

of modern weaponry. With this goal in mind, a formal methodology




was developed for eliciting candidate information requirements from
experienced military tacticians. The approach addresses the problem

of elicitation and data analysis in the context of a structured role-
playing exercise. In essence, doctrinally-sanctioned information processing
guidelines are used as "prompts" to elicit candidate requirements (e.g.,

FM 100-5 states "Concentrate on the critical times and places"). Each
prompt is embedded within a tactical scenario and presented, one at a

time, to participants in the elicitation exercise. They are instructed

to generate tactical questions which if adequately answered, would permit
them to comply in full with doctrinal requirements. The implicit goal

of this procedure is to insure a correspondence between the functional
context in which symbology is used and the semantic content it offers

the user. In other words, we are suggesting that under ideal circumstances
improved tactical symbology should provide battlefield decision-makers

with accurate and timely "answers" to complex tactical "questions."

Thus, deciding what information to include in improved symbology might
perhaps be approached by deciding what questions it should be able to
answer. Specifically, the process of question generation seems to
represent a more straight-forward and less ambiguous task than the direct
elicitation of lists of information requirements. Most likely, this is
because some form of self-interrogation always intervenes, either
covertly or overtly, when individuals try to identify their information
"requirements." Once a question is generated, it can then be used as a
prompt in a second elicitation task designed to identify the range of
possible "answers." The result of this follow-up elicitation is a set
of tactical concepts corresponding to candidate information requirements
(i.e., response categories). For example, a doctrinal prompt might
elicit the follow tactical question: What is the principal deficiency
of a specific enemy unit? Later, this query would be used as an elici-
tation prompt to generate a set of possible answers (e.g., Mobility, POL,

Ammo, Personnel, Morale).

1-5




Following an in-depth discussion of the two-stage elicitation method for
identifying information requirements, Chapter 3 describes an exploratory
study in which the feasibility of the technique was tested. Two
experienced Army staff officers participated in the study. In the
context of a tactical scenario involving command group decision making
for defensive operations in rural terrain, they were asked to generate
task-related questions in response to situational and doctrinal prompts.
The resulting questions were then used to facilitate the elicitation

of corresponding information requirements (i.e., potential answers to
relevant questions).

The preliminary study was also intended to illustrate the important role
of data organization in efforts to develop an accessible database for
improved symbology. After being reduced and analyzed, the numerous
tactical questions elicited in the study were organized into a set of

22 clusters of questions (i.e., data structures), with each one reflecting
a different tactical theme. The data structures are task-oriented and

are designed so that they can be selectively accessed for retrieval of
information at different levels of tactical detail. For example, consider
the cluster of questions referring to "Type of Threat". Under certain
circumstances, the user may only have time for a quick overview of the
situation--all combat-type vs. all support-type units. In another

context, the user may wish to conduct a more elaborate analysis by
selecting finer levels of information detail (e.g., by asking for "unit
composition" or "special weapons"). In effect, each data structure
represents a task-based category of information requirements which can

serve as a potential building-block in the development of a dynamic
database for tactical symbology.




Each tactical question in the database, therefore, can be answered at

different levels of specificity ranging from abstract and summarized to

concrete and detailed. By restating questions at different levels of

abstraction, the dimension of information summarization was explicitly

built-in to the content analysis. The overall objective was to generate

a set of representative information requirements for symbology, and,

in the process, illustrate the applicability of a task-based technique ¢
for expanding current conceptual foundations.

1.2.4 A Behavioral Analysis of Symbol Design Effectiveness (Chapter 4). ;
To insure the usefulness of a tactical symbology which meets the challenges
of modern informational requirements, the performance context in which the
symbology is to be used should be examined. Toward this end, a general
taxonomy of fundamental behavioral requirements was developed through
analysis of a task scenario. The task analysis suggested that the process
of using symbols has three basic components: discrimination, search, and |
learnability (symbol acquisition and retention). This taxonomy was then
used to organize available behavioral research literature in order to
derive some preliminary guidelines for symbol design. Specific guidelines
were offered toward the development of symbols which facilitate the
performance of each of the behavioral processes, for example: J

Discimination }

Minimize, to the extent possible, the amount of feature
similarity among different numbers of a symbol set.

Search

Minimize the visual saliency of those features that
must remain redundant across members of a symbol set.




Learnability

Take advantage of the user group's prior learming and
conditioning to select symbol design features (e.g.,
teonicity, color) which enhance association formotion.

" For example, if the color "red" is culturally identified
with the concept of danger, it might be utilized in the
portrayal of enemy threat.

Overall, such guidelines are intended to help support future symbol
design efforts by codifying and applying some relationships between
design variables and user-based performance criteria.

1.2.5 Toward Evaluating the Effectiveness of Tactical Symbology
(Chapter 5). The objective of this chapter is to establish a prelim-
inary set of assessment procedures for evaluating the effectivness of

new symbology. Three major categories of assessment criteria were
identified: (1) Content-based criteria--standards for evaluating the
functional breadth and information depth of a candidate tactical
database; (2) User-based criteria--procedures for evaluating the
discriminability, searchability and learnability of proposed symbol
designs; (3) Tactical criteria--a set of task-based procedures for
assessing the impact of symbology on tactical problem-solving and
decision-making. This multi-criteria approach carried out in a logical
sequence provides an evaluation framework to support the development and

improvement of tactical symbology.

i e, P i,




2. TACTICAL SYMBOLOGY: SELECTED ISSUES AND ANALYSES
2.1 Overview

The contents of this chapter reflect the position that an improved tactical
symbology is necessary primarily to meet new user requirements that
accompany emerging tactical doctrine and advancing technology. Consistent
with this view, Sidorsky, Gellman, and Moses (1979) have developed the
following definition of tactical symbology that emphasizes command
functions:

"Tactical symbology refers to the symbols used to portray
the information acquired, manipulated, and displayed by
a Tactical Operations Center (TOC) in supporting the on-
line information needs of a commander engaged in planning
and/or conducting a combat operation."

In this chapter, a discussion of requirements for an improved symbology

is preceded by a brief description of the limited breadth of conventional
symbology. The requirements are then elaborated and examined in the
context of implementation issues for improved symbology, such as symbology
standardization and user acceptance.

A Conventional Symbology

Conventional symbology (as documented in Army Field Manual 21-30,
Military Symbols) has traditionally served a communication function (who,
what, and where) and for this purpose its content or "database" may, in
fact, be adequate. When used in conjunction with a battlefield situation
display, conventional symbology addresses a number of important tactical
questions. A representative 1ist of these, presented in Table 2-1, was
generated by reviewing FM 21-30 in consultation with the military members ‘
of our research team. This 1ist suggests that conventional symbology is




TABLE 2-1

TACTICAL "QUESTIONS" FOR CONVENTIONAL SYMBOLOGY

What types of enemy units

oppose me?

What is their identity?

Where are they located?

What size are they?

What kind of mobility do
they have?

Where are their command posts?

What operating boundaries exist?

What control measures are known?

What 1s their principal weapon

system?

(Infantry, Armor, etc.)
(101st Battalion, etc.)

(Precise or actual location, future
or proposed location)

(Division, Battalion, etc.)

(Foot mobile, Airborne, etc.)

(Present or actual location,
future or projected location)

(FEBA, rear boundaries)
(Contact points, linkup points, |

release points, start points, delay
lines, fire coordination line)

(Recoilless Rifle, Mortar, Howitzer,
air defense machine gun) : |




r

capable of conveying the basic information required for coordinating and
supervising battlefield operations (i.e., unit size, identity, and
function).

Perhaps the most obvious problem with the content of conventional
symbology is the narrow range of tactical concepts it can accommodate.
In this regard, Sidorsky (1977) comments:

"The current military symbology of FM 21-30 is a very
efficient method for describing the administrative make-
up of a unit. A lot of information about the composition
of the unit can be packed into a small space. Unfortu-
nately, however, most of this information is of little
direct value to the processes of situational analysis,
problem solving, decision making and other higher level
cognitive activities associated with command and control.
The current symbology does a good job of identifying a
untit but it doesn't tell anything about the unit's actual
status or capabilities."”

Several problems related to the issue raised by Sidorsky are discussed
in detail in the following sections which focus on the development of

improved tactical symbology.

2.3 Toward Improved Symbology

This section describes selective issues that appear worthy for considera-
tion by any program designed to develop improved tactical symbology.
These issues have been divided into two major classes - information
content and information selection.

ol Information Content. To improve the efficiency of battlefield
operations, a new symbology should have the capability to represent the
combined-arms composition of friendly and enemy units, the functional
combat capabilities of these units, the probable accuracy of the

2-3

. .

[ SR — =




battlefield intelligence portrayed, the updated nature of battlefield
information, and critical aspects of the terrain. Each of these issues
is discussed here, followed by a brief look at the challenges offered

by recent advances in military technology and doctrine.

Combined Arms Forces. Current U.S. Army tactical doctrine (FM 100-5,

Operations) favors the use of a combined arms force. A combined arms force

can be defined as "a team of two or more arms, each supplementing the
other's capabilities, to accomplish an assigned mission" (U.S. Army

Reference Book 100-7, The Common Languages of Tactics). More specifically,

it has recently been written (Hardy, Patrick, and Georgian, 1976):

" ..common practice is to take a tank company and attach

it to an infantry battalion and take a company from that
infantry battalion and give it back to the tank battalion.
The resulting combined arms force then still has three

Line companies, but, to distinguish it from its un-cross-
attached form, it is generally referred to as a task force.
There is nothing rigid in the one-for-one exchange idea.

What units are cross-attached and how they are cross-attached
i1s determined based on the tactical situation. The one-for-
one system is the most common and the resulting task force
would be designated tank-heavy or infantry-heavy, depending
on whether there are more tank or infantry companies in

the task force. ...As the system is envisioned, it is quite
possible for a tank battalion to actually end up an infantry-
heavy task force." :

Thus, in keeping with emerging tactical doctrine, a basic requirement of
tactical symbology is that it accurately portray the current functional
character of a military unit.

An underlying assumption of conventional symbology (FM 21-30) is that a
military unit is relatively homogeneous with respect to function. For
example, an armored unit is assigned a specific symbol to distinguish
its function from that of the infantry. With the advent of combined
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arms, however, the assumption of fixed unit function is now open to
question. The problem is that dynamic cross-attachment destroys the
functional integrity of a military unit. For example, consider two
fictitious battalions described in Figure 2-1. Each is intact and
consists of three line companies. When fielded, however, each battalion
may assume a dramatically different functional character. Consider the
same two battalions with cross-attached units as described in Figure 2-2.
The 3rd Tank Battalion when fielded is functionally an infantry unit,
while the 5th Infantry Battalion is functionally an armored unit. Each
battalion retains its original designation, however, despite its change
in functional status. This practice can be referred to as the historical
approach to symbolic portrayal. The underlying assumption is that the
origin of a unit is more important to portray than its current functional
capability.

The symbolic portrayal of historical function increases the information
processing burden on the symbol user by requiring him to "update" symbols
prior to interpreting their tactical significance. If the histcrical
approach is continued, the amount of preprocessing required to interpret

a situation display will necessarily increase as the use of combined arms
tactics becomes more prevalent. The impact of cross-attachment can,
however, be minimized by simply reassigning unit designations as required
to match current unit function. Unit identification, required to establish
chain of command, would of necessity be represented by means other than a
function or duty symbol.

The symbolic portrayal of historic vs. current unit function represents

a procedural issue which has long range implications for developing improved
symbology as well as immediate implications for conventional symbology.
Existing unit symbols can be reassigned under dynamic battlefield conditions
to portray current functional status without any changes in actual graphic
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design. Similarly, a major requirement of improved symbology may be that
it provide updated functional information to reflect the changing compo-
sition of a combined arms force.

The effective use of combined arms will require military units to adopt a
more fluid structure both during training and on the battlefield. Combined
arms forces will typically be performing a diveristy of functions which

cut across two or three traditional unit designations. These changing
military task requirements pose a major probiem for improved unit symbology.
If the relative mix of unit types within a combined arms force is prone

to frequent change, improved symbology must provide a built-in mechanism
for communicating this change rapidly and accurately to command and control
personnel. This is especially important when units are not easily charac-
terized by a single functional designation. In particular, the symbolic
portrayal of a combined arms force may be required to identify both the
functional character of each attached unit and the size of each attachment
in relation to the unit as a whole.

Unit Capabilities. Aside from the need for an adequate representation of

a unit's composition, it would be extremely useful to be able to specify
more abstract information using a new tactical symbology, such as a unit's
functional combat capabilities. In this regard, several authors have noted
in papers dealing with current tactical doctrine that a unit's composition
and location comprise only part of‘the information necessary for effective
decision making. For example, Channon (1976), has referred to the strength
and reach of an enemy unit as essential information, Middleton (1977a) has
called for the adoption of combat effectiveness indicators, and Moses (1977)
has stated that a unit's threat value should be represented in a new
display symbology.
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Since FM21-30 symbology cannot represent unit capability directly,
capability information must be inferred. For example, a brigade commander
can infer that he is at a disadvantage if he is facing two enemy divisions.
The same commander may in fact be in a superior position to the enemy if

he is defending a narrow pass with fresh troops against an enemy who has
suffered high casualties attacking the pass over a number of days. Neither
of these situational and dynamic tactical information scenarios can
presently be displayed. A new system might relieve some of the enormous
burden placed on commanders' memories, but such a capability, of course,
remains to be demonstrated.

The issues concerning the graphic portrayal of unit capability information
can be discussed in terms of the types of requirements that a capability
symbology might fuifill. Such requirements have been put forth by different
writers and they can be conveniently presented in the form of specific
tactical questions. In addition, suggestions have been made for how the
graphic representation of unit capability information might be approached.

For example, Channon (1978) has provided the following as key questions
in determining what's important about the capabilities of an enemy unit:

(1) Is it a striking unit?

(2) How powerful is it?

(3) With what force and range can it strike?

(4) Is it moving now?

(5) Is it changing its structure (e.g., assembling into a

combined arms formation)?

Channon considers these questions to be so important that they should take
precedence over other related information requirements such as, for example,
order-of-battle details.




Sidorsky (1977) has proposed a specific list of eight tactical variables
that might be included in the portrayal of unit capability information.
These can be phrased in question format as follows:

2 (1) Threat. What is the overall tactical threat posed by an
enemy unit or what is the cverall capability needed by a

friendly unit to counter enemy actions?

(2) Effectiveness. What is the combat readiness of enemy and

friendly units? This includes such factors as combat
experience, training, fatigue, morale, exposure, etc.

(3) Mobility. How mobile are friendly and enemy units? This
variable includes mobility factors inherent to the unit
such as motor and air transport as well as the available
road network, obstacles, minefields, etc.

(4) Firepower. What is the sum total of a friendly or enemy
unit's available direct and indirect operational weaponry
than can be employed in accomplishing the mission?

(5) Logistics. What is the relationship of the unit to its

source(s) of essential supplies at the present time or at
b some future time predicated on an assumed scenario of
future action?

(6) Terrain. What tactical advantage/disadvantage does a unit

l | have as a result of the terrain it occupies and/or as a
i result of probable avenues of approach and/or maneuvering
area?
| H
| B
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(7) Support. To what degree can a given unit be supported by
other elements such as artillery coverage, protected flanks,
air support (fixed wing or helicopter, radar coverage,
communication services, etc.)?

(8) Density. How massed or dispersed are a unit's elements and
as a result, what is a unit's ability to launch or withstand
either a conventional or nuclear attack?

Although the sets of questions pointed to by Sidorsky's scheme differ in
scope and specificity from those generated by Channon, both writers have
the same goal in mind -- namely, to focus attention to the need for
graphic portrayal of directly usable unit capability information. Given
the conceptual overlap between the two sets of questions, when taken
together they raise significant issues concerning what type of capability
summary should be conveyed to the user.

Toward the graphic representation of responses to unit capability
questions, Channon (1978) has suggested certain design features that he
thinks modern tactical symbology should have. Some of the features that
might be included in his system are the following:

(1) figurative symbols which would mimetically reflect unit
type (e.g., a tank silhouette to portray a tank unit).
(2) a "size is strength" concept so that if a unit is powerful,

it is visually shown as bigger and/or brighter.
(3) a "dynamic movement line" so that if a unit is on the move,

it can be depicted as moving in the direction reported.
’ : (4) a "combined arms indicator" so that units determined to be

operating with a combined arms framework at a recognized
greater strength will be so represented.
(5) a "striking reach indicator" (e.g., vector) so that a unit's

shooting range is made immediately obvious.




(6) an "optional OB display" so that alpha-numeric information

(e.g., unit identification number) can be displayed on call.

These features are all designed in the spirit of overcoming apparent
shortcomings with current symbology, that is that the FM 21-30 symbols
are abstract, of uniform size, static, restricted to single-unit function
description, and cluttered with numerical designators.

Another innovative approach to the graphic portrayal of the degree of real
or perceived unit capabilities has been proposed and developed by Sidorsky
(1977). He has recommended the design of a "doughnut" symbol with eight
different positions on the doughnut representing each of the eight capability
descriptions, respectively. The positions are spaced according to clock
positions at 90 minute intervals, i.e., 1200 hours, 1300, 1500, 1630, 1800,
1930, 2100, and 2230. At each position five different strength Tevels

from "very high" to "very low" can be represented. Thus, a single symbol
can portray, for example, a unit which has a "high" level of overall

threat, a "normal" level of effectiveness, a "very low level" of mobility,
etc. Sidorsky's prototype symbology includes other features such as the
typing of unit size (echelon) and the grouping of individual units; however,
its effectiveness for communicating unit capability information remains

to be empirically demonstrated.

The importance of representing unit capability graphically is evidenced

by the fact that researchers in the field are already proposing ways

toward meeting the challenge. However, at the present stage of symbology
development, the work of Channon (1978), Sidorsky (1977) and others (e.g.,
the USAICS group effort on Combat Power Symbology) is more significant in
terms of the information requirements that they set down for unit capability
rather than for their specific graphic recommendations of how the information

might be portrayed.




Information Dependability. Much of the information stored in a tactical

data base is inevitably less than perfectly trustworthy (i.e., accurate
reliable, creditable, and the like). That is, data may not be valid in
the sense that they do not validly represent the true state of the world
(Samet, 1975). This phenomenon results from a variety of reasons ranging
from the time-lag between data observation and data availability of
errors and inaccuracies in the way the data is observed, collected,
transmitted, processed, stored, etc. Whatever the source of data
fallibility, however, there is no doubt that it should have a very
definite impact on how the data is interpreted and converted into usable
information (e.g., Johnson, Spooner, Cavanagh, and Samet, 1973). 1In this
regard, Halpin, Moses and Johnson (1978) found that one-half of the
variability among analysis in assigning qualitative ratings to intelli-
gence reports can be attributed to perceived differences in the truth
value of the reports. No other factor (such as importance, clarity,
scope, expectedness, and threat) could account for more than about
one-quarter of the variance. Therefore, an important issue becomes
whether it would be desirable to graphically portray data validity
parameters; and, if so, effective ways must be sought to graphically
portray such information.

An issue closely related with that of the evaluation of data dependability
concerns the apparent consistency of data. Are the data under evaluation
or interpretation consistent with known states, events, trends, motives,
etc.? Does confirming or highly correlated data exist? Are the data
contradicted by other accepted data?...Answers to such questions have

become easily manageable by recent advances in the development of
relational data management systems, including for example, the conceptual
design of MIQSTURE, an experimental online language for ARMY tactical
intelligence information processing (Katter, 1978). However, again, the
issue becomes whether it would be desirable to graphically portray the
respective answers to questions of data consistency; and, if so, how
might such graphic portrayal be approached?




Updated Information. Tactical decisions consistent with a rapidly

changing battlefield situation require attention to a succession of
events, as opposed to a static view of the current composition and
position of friendly and enemy forces. Considering the recent techno-
logical advancements in military operations, it is conceivable that the
need to keep track of the dynamic aspects of a battlefield may tax the
decision maker's cognitive abilities. Consequently, it would be useful
to portray graphically recently updated information as such on tactical
battlefield displays.

Vicino, Andrews and Ringel (1965) found that even though extracting and
assimilating changes in the battlefield situation should be more difficult
as the amount and extent of battlefield alteration is increased, this g
degradation of performance can be reduced by increasing the saliency of
updated symboiic information of the revised battlefield replica. In

this regard, muitiple cues were clearly superior to unitary cues. One
complication not addressed by these authors is that if certain symbolisms
are used to denote updated information, this reduces the number of avail-
able symbol types that can be manipulated to represent other information,
such as the qualitative and quantitative attributes of combat forces.

One alternative possibility would be to use flash coding to draw

attention to recently altered information, such as that used in displays
designed to facilitate tracking performance (Ziegler, Reilly and Chernikoff,
1966) or that used in the Map-Scholar system to focus a student's attention
on relevant map information (Collins, Adams and Pew, 1976).

New Technology. The content of improved symbology, apart from redressing

past deficiencies, requires expansion to accommodate new tactical doctrine
and modern weapons systems. Recent papers by Middleton (1977b) and
Doughty and Holder (1978) provide a thought provoking glimpse of the
battlefield of the future. For example, consider the following hypothe-

tical scenario:
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"Project yourself forward in time ten years and assume
that 25% more of Western Europe has been urbanized.
Iikewise, consider the throw-distance, accuracy and
lethality of all weapons systems has increased 50%.

The battleground will contain weapons platforms like

the Black-hawk, dune buggy, trail bikes, XM1 and IFV.
Therefore, mobility will have increased 20%. Hypothesize
concommitant increases in all electronic acquisition,
fire-control and fire and forget sensor systems."

Advances in long-range weaponry capabilities will expand the width and
breadth of the combat zone and electronic reconnaissance devices will
vastly increase the amount of information available for assessment of
the enemy. In the development of graphic display requirements, it is
essential to recognize the changing nature of the battlefield with
respect to new doctrinal concepts and sophisticated weaponry, and to
utilize and incorporate these advances.

Long-range weaponry, in particular, has complicated tactical assessment

and planning by substantially augmenting the "reach" of modern attack

units. Staging areas formerly used to marshall tanks for an attack are i
now fair game for precision weapons that strike out many kilometers

forward of the line-of-contact with deadly effect. This suggests new }
imperatives for military planners, and by implication, for symbol users j
as well. Another major change in tactical thinking is that a conventional ’
war with the Soviets would probably require NATO combined arms teams to

fight outnumbered and outgunned. This imbalance would create a new |
requirement involving the ability to destroy specific enemy targets
rather than to fire indiscriminately at the mass of targets that will
surely appear. It means the situation map and its symbolic notations
must be a "window on the battlefield" with sufficient resolution to

match critical targets with appropriate firepower resources with a larger
enemy, we can no longer afford the luxury of imprecision.




Additional technology-based tactical issues are emerging continuously
which will impact directly upon the graphic portrayal of battlefield
information. For example, there may be a shift away from the doctrine of
large units (e.g., battalions, brigades) to small unit tactics. In this
regard, Brigadier General Doyle (1978) has suggested that the XM1/IFV
(infantry fighting vehicle) team "will be the hub around which modern
battle planning and operations will revolve.” Another issue emanates

from commanders attitudes toward the attack helicopter. Though the attack
helicopters are anti-tank weapons and maneuver units, they tend to be
viewed as support units. Currently, maneuver units are generally regarded
as ground units, and air units are viewed as support. To effectively
utilize attack helicopters as maneuver units, the commander could be
assisted by the graphic portrayal of these units.

Whether the symbolic portrayal of XM1/IFV teams and/or attack helicopters
is feasible or even desirable is an issue which requires further investi-
gation. Finally, the expanded dimensions and increased precision of
battle are joined by the new time dimensions of battle. The imperative of
"seeing the battlefield" deeply enough and early enough to ascertain where
and when the main effort may come has become the critical dimension in war.
An appropriate tactical response strategy is rooted in our ability to sort
out the macro-formations leading to the point of penetration. Simply said,
the map/symbol system must provide a more timely and clear picture of the
enemy in depth.

2.3.2 Information Selection. Aside from addressing issues that pertain

to the kinds of tactical information that should be represented in an
improved symbology, formal and detailed account should also be taken of
procedures for information selection. The requirements for such procedures
are examined here in the form of specialized user group requirements. This

section also includes a discussion of the notion that, with advanced systems,

data selection becomes a question of data organization.
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Specialized User Requirements. There currently exists no agreement as

to what information should be displayed in a tactical symbology which
would serve different user groups at varibus echelons. There is a
general concensus that commanders at various levels have different
informational requirements (Middleton, 1977a). For instance, captains

at company level need intelligence information covering at least 5 km
beyond the Forward Edge of the Battle Area (FEBA). Colonels at Battalion
and Brigade level need information covering 50 km beyond the FEBA.
Finally, generals at Corps and Division level need information covering
150 km beyond the FEBA. Each echelon will therefore prefer a different
scale of map; the higher the echelon, the smaller the scale preferred.
Similarly, the level of detail required for symbology varies with echelon.
Corps commanders are interested in representing divisions, regiments,

and brigades. Battalion commanders have little need to represent units
larger than brigades or smaller than platoons or companies. General
guidelines such as these, however, do not solve the persistent problem
of determining the critical information needed to plan and execute
military operations. To this end, Colson, Freeman, Mathews, and Stettler
(1974) have developed an informational taxonomy of visual displays to
portray the different information needs of personnel within a given
command. Additionally, more recent work which addresses differences

in graphic requirements across command levels within the Tactical Cper-
ations System (T0S) is also available (Modisette, Michel, and Stevens,
1978).

Processing all the information attendant to tactical decision making is
difficult at any level. To be sure, even at the battalion level, as many
as a half a dozen separate acetate drops might be necessary to “build"

a comprehensive picture of the battlefield and the operational events
planned. Occasionally, the chore of sorting out the detail can be a
problem. Nevertheless, the number of symbols arrayed within the area

of operations for a battalion is relatively finite.
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At division and corps level, problems of clutter, abstract functional
symbols, and information overload have taken on serious proportions.

The number of information sources available has more than doubled, and
the total number of symbols to be interpreted may have increased tenfold.
Thus, corps and division represent priority targets for improved
symbology development. The sheer volume and complexity of information
processed at this level, as well as its tactical urgency, impose a
considerable burden on command staff personnel.

Several specialized symbology systems are currently being developed,

such as the Army Terrain Information System (ARTINS) proposed by

the Engineering Topographic Laboratories (ETL), Intelligence Preparation

of the Battlefield (IPB) (Gaun, 1976) and Combat Power Symbology (CPS)
(Colanto, 1977). The major difficulty with specialized systems, tailored
to meet the needs of various user groups, is that communication among users
and echelons would be strained in the absence of a common language of
symbology. On the other hand, the development of a large and compre-
hensive multi-purpose symbology is not without its problems. Users would
be expected to learn an enormous amount of information; and in trying to
serve "most of the users most of the time," the symbology would necessarily
have to give up some degree of detail. Some compromise, therefore, between
the global and specialized positions must be achieved before new forms of

~ symbology can be developed and implemented.

Tactical -Situation Requirements. Aside from standard differences in user

needs, a different lTevel of detail of symbolized information is required
in different tactical situations. For example, though unit designations
may be necessary for some battlefield tasks, such as communication, it
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