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The literature supports the following conclusions:
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model or theory itself are more productive than products that derive from
attempts to develop models or create theory independent of a specific

application.

2. Research that is based on an organizational or management theory per-
spective is more productive than research that evolves from other research

perspectives.

3. Research that considers decision making as the role of a command post i
is more effective when it does not artificially, and incorrectly, limit the
decisions it considers to those implied in the military decision-making model. ‘
(The military decision-making model is used to explain how orders from next ‘
higher headquarters are evolved into orders by the echelon that receives them,) i

4. No extant model is sufficiently well developed and supported by data
that it can be used in a predictive or analycic fashion.
|

Beyond these conclusions, which clearly evolve out of considering the
literature itself, there are other goals, or model and theory requirements,
that should be adopted to provide guidance for the development of better models.
These conclusions are partly drawn from the literature and partly the result of
considering, in a broader fashion, the problems associated with the potential

acceptance and utilization by the Army of command and control research. These

ancillary conclusions are as follows:

5. Models should deal with a specific organizational structure, ‘

6. Models should be based on observable tasks, processes, or behavior.

7. Models should be constructed so that the data that support them and ,
model outputs can be easily related to the tasks, processes, or behavior on .
which they are based.

8. Models should support a theoretical development to define how the com-

mand and control function relates to battle outcome and, thereby, permit command
and control research to be of value in determining how battle staff activity

contributes to unit fighting effectiveness,
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FOREWORD

The U.S. Army Research Institute for the Behavioral and Social Sciences
(ARI) is conducting research to develop improved methods for measuring the
performance of command staffs at corps, division, and brigade levels. The
command and control perrormance measurement program also seeks to develop
models that can manipulate command and control performance data. To be
certain that full advantage is taken of relevant past research, a portion of
this program has been devoted to a review of that part of the command and
control model and theory literature that contains material that might be
significant to the development of behaviorally based analytic and predictive
command and control models. As the authers reviewed the literature, they
found that it is scattered, sometimes hard to obtain, and often only tangen-
tially, if at all, related to Army command and control. This review confirnes
its coverage to those reports that appear to be of value to persons who per-
ceive command and control as a person-arient2d process. Hence, it omits
material that deals exclusively with equipment, or communications, or other
nonbehavioral aspects of ccmmand and control.

This report presents the reviewved literature in some detail and makes
eight recommendations for {uture res2archers who may be tempted to create
models or develop theories intended to deal with Army command and control
processes. The report will make it possible for interested parties to survey
the command and control model and theosry field in a relatively short time.
The report will be of value as background ~aterial for all persons involved
with the command and control modeling area and will help persons in the field
evaluate its general state without extensive personal effort.

S

EDGAR M. JOHNSONM
Technical Director




REVIEW OF COMMAND AND CONTROL MODELS AND THEORY

EXECUTIVE SUMMARY

Requirement:

The literature that deals with command and control models and theory is
quite scattered and of highly variable quality. It is alsc quite diverse
because the term command and control is broad enough to encompass many mean-
ings and to be applied in situations where other more specific terms, e.g.,
communications, would be more appropriate. As a result of these facters, it
vas appropriate to extract from the broader literature those reports that were
directly relevant to Army command and control and to evaluate the potential
contribution of past research to the development of models and theory to sup-
port the U.S. Army Research Institute for the Behavioral and Social Sciences’
(ARI) command and control performance measurement program.

Procedure:

The procedures involved in the iiterature review were straightforward.
Professional staff at the ARL Field Unit at Fort Leavenworth provided sug-
gestions and insights and cited literature about work in the area. A search
of the library at the ARI Field Unit provided additional literature--ulti-
mately close to 100 reports, theses, and papers on the topics of command and
control theory, and command and c¢ontrol models. An initial overview of these
materials provided the reviewers a first clustering of the important domains
vithin which command and control theorizing and model building were being
conducted.

Based upon this information, a 10-year computerized literature search was
conducted by the U.S. Library Staff at the Army Command and General Staff Col-
lege. This search provided many additional references. The search was aug-
mented by a brief reading of much of the literature and the identification of
significant bibliographic references not identified in the coumputerized
search. This process of reading and reporting on the literature in conjunc-
tion with searching for new bibliographic references and computer searches in
nev domains continued during the course of the project.

Findings:
The state-of-the-art in command and control modeling and theorizing is

not well developed, although it may be that some writers in the area have
overstated the case when they claimed that
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. » the complexity of the (command and control) problem is such that
many of its theories appear almost autistic, as though the attempt to
make sense of it 1ead§ researchers down a path to convoluted and idie-
syncratic theorizing.

Certainly there are a number of reports that deal with command and control so
tangentially that it is hard to see any relationship beyorid the title. Some
reports do little more than demonstrate that algebra works. Other reports
deal s¢ «inpletely with communications problems, computer technology, or con-
trol theory--in the physics and engineering sense--that it appears that com-
mand and control--in the Army sense--is either in the title by accident or
added to broaden the apparent scope of the work being reported.

There are, however, a few publications that do make a contribution to
command and control theaory and a number that present material of value to
model development. It might be more charitable, and more factual, to describe
mos! theorizing as simplistic rather than autistic, and to note that the major
protlem in the field is not that it is "coavoluted and idiosyncratic™ but that
too muchk of it lacks a clear iocus, This reviev, both in the material it
omitted ana in the material it inecluded, has demonstrated the broad domain
and often disjointed nature of the work performed under the rubric "Command
and Control Theory and Models." Sutton (1986), in a reviewv of the more gen-
eral literature--such as military review articlesz--points out that there
existe

. + . a tendency to address the subject (of command and control) ia an
unbalanced and piecemeal fashion. Some articles tend t»n emphasize the
importance of technology, both hardware and software. Other articles
deplore the apparent fixation with technology and technical means, and
urge a shift in emphasis to the role of leadership in c? systems. An-
other class of articles details the procedures, policies and techniques
used by a ceriain unit in their command post system, Most of the arti-
cles are well vgrth reading, but one is soon convinced, to rephrase one
0ld sawv, that C< is defined by the senior man present.

Our reviev of the more research-oriented literature certainly supports
this view, except that command and control seems more often to be defined in
vhatever fashicn most conveniently justifies the work rather than by the
senior man present. Some of the problems assocliated with the relatively
uncontrolled application of researcher fit the definition of command and
control that are apparent in this review even though its diversity was con-
strained by its rather narrow focus, Thus, some research tends to focus on
hov individuals make decisions rather than addressing how command and control
decisions are arrived at in a specific command post environment; other re-
search tends toward discussions of how computer programs can be used to create
a command and control model; and other material seems to deal more with intro-
ducing proven engineering analytic methods than with the command and control
process. Despite its limitations, the primarily modeling literature

1pischhoff and Johnson (1985)
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incorporated in the review (66 items) does support the development of a model
classification scheme and derivation of a set of eight conclusions concerning
the state-of-the-art and future of Army relevant command and control model
development.

The report develops a five element classification scheme that success-
fully categorizes existing models. According to the scheme, command and
control models and the theory that supports them or derives from them can be
implementational, organizational, behavioral system, systems oriented, or
network. Implementational models, such as those in various Army field manuals
and standard operating procedures, are intended to specify how a command post
will look and function. Organizational models derive from applying an organi-
zation or management theory perspective to modeling the command and control
process. Behavioral system models tend to have a somewhat narrover focus and
evolve when a researcher opts to study how some particular command and control
function (such as decision making) is performed. Systems-oriented and network
models also result wvhen the researcher applies particular techniques to de-
velop his paradigm.

The literature reviewed in this report supports the following
conclusions:

1. Models and theory that support a purpose beyond a mere discussion of
the model or theory itself are more productive than products that derive from
attempts to develop models or create theory independent of a specific
application.

2. Generally, research that is based on an organizational or management
theory perspective is more productive than research that evolves from other
research perspectives. '

3. Research that considers decision making as the role of a command post
is more effective when it does not artiticially, and incorrectly, limit the
decisions it considers to those implied in the military decision-making model
used to define how orders from next higher headquarters should be developed
into orders at the echelon that receives them.

4. No extant model ig sufficiently well developed and supported by data
that it can be used in a predictive or analytic fashion.

Beyond these conclusions, which clearly evolve out of considering the
literature itself, there are other goals, or model and theory requirements,
that should be adopted to provide guidance for the development of better Army
applicahle models. These conclusions are partly drawn from the literature and
partly the result of considering, in a broader fashion, the problems assuvci-
ated with the potential acceptance and utilization of command and control
research., These ancillary conclusions are:

5. Models should deal with a specific organizational structure,
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6. Models should be based on observable tasks, processes, or behavior.

7. Models should be constructed so that tne data that support them and
model outputs can be easily related back to the tasks, processes, or behavior
on which they are based.

8. Model should be supported by at least the potential for a theoretical
development that defines how the command and control function relates to
battle outcome and, thereby, permit research concerning command and control to
be of value in showing how battle staff activity contributes to unit fighting
effectiveness.

Utilization of Findings:

Research and development in command and control is expensive, complex,
and difficult. The command and control area also suffers because researchers
and other professionals are often thrust into responsible positions with
little opportunity to become aware of the existent body of research and the
nature, hovever primitive, of the models and theory that have resulted. This
report will make it possible for interested parties to survey the field of
command and control models and theories and become aware of the extent and
limitations of the research foundations of the area in a relatively short
time. It will be of value as background material for all persons involved
with the command and control modeling area and will help persons in the field
evaluate the general state of the field without extensive personal effort to
identify and obtain the relevant material.
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REVIEW OF COMMAND AND CONTROL MODELS AND THEORY

INTRODUCTION

Conmand and control has traditionally been considered by analysts and
military experts to be one of the most ecritical battlefield components and 'the
essential apparatus for using military means effectively," (Cushman, 1983, p.
2-5,2). It has also been noted that Airland Battle Doctrine, with its in-
creased demands for timely information and for rapid decision making in a
quickly changing environment will, in the next conflict, place even "greater
demands on the command and control system than in previous wars" (U.S. Army,
Field Circular 101-55, p. 1-11). Because of the overwhelming importance of
command and control, it is essential that trajiners, evaluators and those who
are developing future doctrine understand the nature of this critical military
component. One way to aid in the understanding of a complex system is to de~
velop, and then test, a simulation or model that describes that system's char-
acteristics.

It is our intent in this paper to review the existing literature on comr
mand and control theory and models to determine the extent to which this devel-
opment process has occurred. Such a review is useful in assessing to what
extent the development of command and control models and related theory sup-
ports the Army need for unifying concepts that caa form a basis for such di-
verse applications as performance evaluation, staff training developments,
analytic ev:"1ations, and the identification and development of research top—
ics.

Approach

The procedurzs involved in the literature review were straightforward.
Professinnal staff at the U.S. Arwy Research Institute Field Unit at Fort
Leavenworth provided suggestions and insights znd cited literature about cur-
rent and known work in the area. A search of the library at the ARL Field Unit
provided additional literature, which ultimately included close to 100 reports,
theses and papers on the topics of command and control theory, and command and
control models. An initial overview of these materials provided the reviewers
a first clustering of the important demzins within which command and control
theorizing and model building were being conducted.

Based upon this information, a 10-year (1976-86) computerized literature
search was conducted at the library of the Army Command and General Staff Col-
lege. This search provided many additional references. The search was aug-
mented by a brief reading of much of the literature and the identification of
significant bibliographic references not identified in the computerized search.
This process of reading and reporting on the literature, searching for new

ibliographic references, and conducting computer searches in rew domainc con-
tinued during the course of the project.

During the review of the literature it gquickly became apparent that com—
zand and control meant different things to different people. To some, command

énd control implied the overall management of a battlefleld at some level such




as theater, corps, or division. 7o others command and control was redefined as
"command and control system" and their dowmain included all or many echelons. To
sti1ll other researchers command and control became a communicatlons or data
processing problem. It is, therefore, our intent to provide a structure that
will omit from the review some of the literature that deals with material not
relevant to a narrower definition of "command and control."

It also will become apparent to the reader that theoreticians who are
working toward the development of a command and control model, for the most
part, are working in very different don:ins and often without attempting to
understand or integrate work that has preceded their own. As Fischhoff and
Johnson (1985) state:

The stakes are so high that funders are willing to go with very long
shots in hopes of producing some useful results. Yet, the complexity
of the problem 1is such that many of its theories appear almost autis—
tic, as though the attempt to make sense of it leads researchers down
a path to convoluted and idiosyncratic theorizing. (p. 19)

It is our intent to compare and contrast various models to give a sense,
not only of the current state of development, but also of how the models may Le
integrated, how they overlap, and in some cases, how they are discordant. Fi-
nally, it is our objective to critique current theorizing and development in
this area and to suggest future directions.

Some Definitions

As mentioned above, it quickly became apparent during the literature re=
view that command and control is a variably defined and often misunderstood
concept. Because of the lack of one specific, accepted, and clearcut defini-
tion, the term has been used by theoreticians to describe such diverse things
as: complex organizational behavior; the applicatlion of computers; simula-
tions and decision ailds; decision making processes; command post structure;
communications; and information proceseing. A necessary first step in this
review 1z a description of at least some of the more important meanings and
applications of command and control in the literature.

The most important definition 1s provided by the U.S. Army. In Joint
Chiefs of Staff Publication 1, command and control is defined as

The exercise of authority and direction by a properly designated com-—
mander over assigned forces in the accomplishment of the mission.
Command and control functions are performed through an arrangement of
personnel, equipment, cormunications, facilities, and procedures em
ployed by a commander in planning, directing, coordinating, and con-

trolling forces and operations in the accomplishment of the mission.
(po 77)

This definition implies that command and control is primarily a management
function, accomplished through the arrangement and coordination of personnel,
equipment, communications, and other resources.




Unfortunately the management definition 1s rarely used in the reviewed
literature. Finley, Muckler, Gainer, and Roe (1974) in their presentation of a
command and control evaluation methodclogy, are among the few authors who take
this perspective. They define command and control as 'the management component
of any system'" (p. 15). They also suggest that the connection between command
and control and management theory and practice is worthy of future exploration.
"The similarities between the two areas and the relative contributions each can
make to the other have not been sufficiently explo