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TOWARD A FUZZY THEORY OF PERFORMANCE MEASUREMENT

EXECUTIVE SUMMARY

Requirement:

This research examines the development of a formal system of
expert military judgment that would lead to rules for operating
on subjective linguistic-based assessments of training perfor-
mance. The primary purpose of the research is to introduce the
concept of a multiphase effort designed to develop a measurement
theory for performance characteristics derived from exercising
subject matter expertise. The report focuses on developing a
measurement theory that will augment and extend automated per-
formance measurement systems under development for device-based
training assessment.

Procedure:

The first phase of this multiphase project was to charac-
terize the shortfalls of current measurement techniques by demon-
strating their tendency to obscure the meaning of expert military
judgment. The argument is made that, without a formal method of
classifying and operating using the natural language expressions
that form the basis of many expert judgments of tactical perfor-
mance, the true meaning of subject matter expertise will never be
fully captured in the performance measurement process. To begin
developing such a theory of measurement, a group of commanding
officers was asked to help define the natural language syntax
used when evaluating communications reporting performance by tank
unit platoon leaders.

Findings:

The commanders generated a list of linguistic terms that
afforded a reasonable degree of flexibility in grading the com-
munication performance of platoon leaders. Findings related to
commanders’ assessment processes appear to indicate that many
tactical activities require the imprecision of linguistic-based
performance evaluation because of difficulties in precisely docu-
menting the many dimensions of complex performance.




Utilization of Findings:

The results of this preliminary project lay some of the
logical groundwork for developing a measurement system more
compatible with the cognitive process of exercising expert mili-
tary judgment. A measurement theory of the kind discussed in
this report would offer a more sophisticated and valid method for
modeling subjective military judgment and would increase the
breadth and precision of device-based combined arms tactical
training assessment procedures. When fully developed, the mea-
surement methods discussed should have wide applicability to
training innovations and be of interest to Army agencies respon-
sible for testing and evaluating the effectiveness of training
devices and simulators.

vi



TOWARD A FUZZY THEORY OF PERFORMANCE MEASUREMENT

CONTENTS

INTRODUCTION

OBJECTIVE .

. . . . ] . . . ] . . [ . [ . . [ [} .

BACKGROUND OF THE PROBLEM . . ¢ ¢ ¢ ¢ ¢ s o o o o =

Military Performance Measurement . . . . . . . .
Automated and Instrumented Measurement . . . . .
Fuz zy set Theory L ] [ ] - » * [ ] * L ] . L] L ] [ ] [ ] L] L ] .

CASE STUDY OF A DOMAIN OF MILI.'ARY CONCEPTS . . . .

Selecting Natural Language Expressions
Interview Method . . . . . ¢ ¢ ¢« « « &
Results of Interviews . . . . . . . .
Discussion . . ¢« « ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o

SUMMARY . .

REFERENCES

APPENDIX A.

c.

- L] * L]
L] L] . L]
* . . L]
*» 8 e »
e o o o

THEORETICAL FRAMEWORK FOR MILITARY
JUWMENT * . . L] . . L] . L] - L d L Ll L] L]

FUTURE RESEARCH . . . . . ¢« ¢« ¢« ¢« « .
RELATIONS AMONG CONCEPTS DESCRIBING
REPORT S . L4 L] . L] L ] L] L] L] * . L] . * -

LIST OF TABLES

Table 1. Examples of performance measures . . . .

2. Examples of natural language expressions

3. Primary terms used to grade necessity
of communication . . . . . . . . ¢ . . .

4. Linguistic expressions for the primary
terms associated with the concept of
necessity . . . . . . . ¢ 0 0 e e e e e

vii

e e o o

Page

16
17
19
19
27
28

29

17

22

23




CONTENTS (Continued)

Table

5.

6.

Primary terms used to grade timeliness
of reports . . . ¢ ¢ ¢ ¢ e o e e o o o

Primary terms with linguistic expressions
for timeliness of reports . . . . . . . .

Primary terms with linguistic expressions
for informativeness of reports . . . . .

Term categories based on the affinity for
describing communication on a "goodness"

dimension . . . . . . . . . . 0 0 0 . e .
Rank ordering of high affinity terms on a
"goodness" dimension . . . . . . . . . .

LIST OF FIGURES

Fuzzy linguistic restrictions on a
distance variable . . . . . . . . . . .

Quality assessment hierarchy for
battlefield reports . . . . . . . . . .

viii

Page

24

25

26

27

27

15

20




TOWARD A FUZZY THEORY OF PERFORMANCE MEASUREMENT

Introduction

Consider the conversation between two military experts
describing a series of tactical events that they have just
observed on a simulated battlefield. Expert 1 turns
to Expert 2 and makes the point that mission effectiveness
suffered because few reports were transmitted to command
informing them of enemy contact. Expert 2 responds that he
agrees and further indicates that several opportunities existed
during the battle for transmitting tactical information. Here,
Expert 1 clearly understood what he was saying to Expert 2.
Similarly, Expert 2 understood what Expert 1 meant and actually
extended the logic of Expert 1 by noting how many occasions
existed for sending reports. In other words, this would seem a
perfectly routine discussion between two trained military
observers until one stopped to consider what the vague terms
"few" and "several" mean. If, for example, the experts had been
asked directly just how many reports constitute a "few" or how
many occasions compose "several," they probably would have
hesitated, then responded with "two" or "three" for "few," and
"five" or "six," or perhaps "seven," for "several." Furthermore
each expert would probably have generated approximately the same
values. Although the experts may have differed some on the
particular numbers given to specify "few" reports and "“several"
occasions, both experts probably would have viewed any of these
alternative numbers as reasonably acceptable definitions.

This example illustrates the transmission of some vague,
quantitative information between two individuals describing a
potentially complex military event. One might argue that a great
deal of quantitative information associated with military
operations is vague in nature. A movement-to-contact operation
may go "very well"; a sector may be defended "in depth"; an
intelligence report may be "not very old"; an enemy force in
contact may be "quite large." Not only do military personnel
understand such statements; they also are able to manipulate and
otherwise operate on these vague concepts.

There has been much interest over the years in the field of
linguistics in documenting the vagueness in language and
determining how one goes about quantifying meaning in natural
language terminology. Although this area has been extensively
studied (e.g, Lakoff, 1973), the focus of this interest changed
when special mathematical operations became available for
studying the vagueness in natural language concepts.

Fuzzy set theory defines concepts and techniques that
provide a logic system to deal with logical relations that are
too imprecise for classical mathematical techniques (Zadeh,
1973). Fuzzy set theory is an extension of classic set theory
that relaxes the strong condition that an event be either in or




out of a set, but not both. Fuzzy sets permit events to be
partially included inside and outside a set simultaneously. The
power seen in fuzzy set theory is that the concept of partial
membership appears more compatible with human cognition than
discrete choice, which conforms to the classic set theory approach
to measurement (Schmucker, 1984; Smithson, 1987; Zadeh, 1973). A
major feature of fuzzy set theory is that any system that can be
quantitatively specified can contain both numeric and vague
(linguistic) variables. Fuzzy operators on linguistic variables
can be used similarly to nonfuzzy operators on numeric variables.

Nonfuzzy measurement systems typically rely on the axioms
embodied in classic set theory and require that objects or
events be uniquely categorized into well-defined sets. Further,
they require that objects (things) or events and their properties
must be classified as either belonging or not belonging to a
given set of measurements, but not both. When a researcher
imposes the notion that measurements can be uniquely assigned to
sets in this manner (i.e., either belonging to the set A or not
A), the researcher assumes that the individuals producing the
measurements can make this distinction as well, and often in an
intuitive way. For example, having individuals indicate the
subjective level of some attribute of an object or event as a
point on a rating scale is but one example of a classic
measurement technique. Generating data in a manner that supports
the axioms of classic analysis is assumed to correspond with the
way in which the ratings were produced by the individuals under
study. However, in many cases, the measuring device tends to
extract data more exact than the subjective responses
representing the corresponding measured human experiences
(Polkinghorne, :1984).

A particular feature of nonfuzzy systems is the impesition
of assumptions regarding the notion of uncertainty. Taking a
decision-making viewpoint, the classic nonfuzzy approach in
defining event uncertainty is that although specific sets of
outcomes exist for a given action or set of actions, these
outcomes may be unknown. However, implicit in the assumption of
uncertainty is that there exists a random process that underlies
the connection between actions and outcomes. Under this
interpretation, a decision maker generates assessments regarding
the membership or nonmembership of an event in some class or set
of events. Here, uncertainty lies in not knowing to which set
the event under consideration by the decision maker belongs.

However, the notion of fuzziness is distinctly different.
Fuzziness is a function of not being able to precisely delineate
among the groups of possible outcomes. Here, the decision maker
is not able to precisely partition the state of the world into
well-defined units. This appears to be more consistent with
natural decision-making environments, where complexity is related
to not knowing what the optimal courses of action are. As a
simple example, consider the situation of assigning new cars to
the set of "expensive cars." 1In the classic sense, uncertainty

e



would be defined as not knowing to which set a new car might
belong. However, after you examined the sticker price or asked
the saleperson about the cost of the car, uncertainty would be
elliminated. Either the car would meet the defining criterion
and belong to the set of "expensive cars", or it would belong to
the alternative set "not expensive cars". In contrast, consider
the conceptual meaning of the term "expensive". At what dollar
figure does a car abruptly transition from "expensive" to "not
expensive". The argument here is that no exact dollar figure can
be used to define a precise point of transition. Instead there
is a boundry region that defines a gradual transition from
expensive to not expensive. The decision maker will never be
able to precisely determine whether a car is expensive or not,
even after the salesperson indicates its cost.

Fuzzy set theory provides a possible solution to the
methodological problems associated with assumptions regarding
subjects' abilities to precisely document events. It takes into
account the reality of the imprecision in human thought by
allowing ranges of scores to be measured and translated into a
single linguistic estimate. It is conceivable that fuzzy
variables will be able to be used in statistical analyses in
traditional ways, although more research is needed to verify this
claim. While future work will likely require creating fuzzy
statistical techniques that can be used to support fuzzy
measurement, using more traditional statistics along with fuzzy
measures means that current psychometric standards of validity

and reliability can be applied to evaluate the potential of the
fuzzy measurement process.

A particular application in which it is worth examining the
usefulness of fuzzy sets is the issue of individual differences
found amoiig military experts in judgments derived from exercising
their subject matter expertise to examine military systems and
operations. One issue associated with expert judgment is
typically viewed as the extent to which differences in military
judgments are a function of genuine individual differences rather
than artificial differences constrained or induced by the
measurement procedures themselves.

Many of the methods used in military science for measuring
performance by means of expert knowledge restrict an individual's
responses both in terms of the content under study and the
process by which it is measured. For example, measurement
dimensions are typically defined and specified prior to any data
collection e.forts. This fact potentially limits the expert
judge to measurement dimensions that appeal to the idiosyncratic
biases of the experimenter. Further, typical experimental
situations constrain the responses of an expert judge to a single
choice along some prespecified measurement continuum. Guilford
(1975), as well as others, have indicated that the constraints
imposed on subjects by conventional measurement techniques may
affect assessment of individual differences. Further,
experimental evidence appears to confirm the notion that people

o




learn to process and manipulate precise quantitative information
in a "more-or-less" fashion, (Brehmer, 1973, 1976; Klienmuntz,
1985; Simon, 1978). This fact is the principle guiding current
developmental efforts in analog display technology, which seeks
to exploit the natural tendency of people to process quantitative
information in an imprecise, approximating manner (Wickens,
1984). This imprecision of cognitive processing, in part,
results from the fact that conceptual boundaries tend to be
blurred across people even though fundamental conceptual meanings
remain relatively constant (Neisser, 1967).

Fuzzy set theory adds an additional set of techniques that
can be used to document complex systems that are composed of both
numeric and linguistic information. It may provide a possible
means whereby one can quantify the judgments of military experts
expressed in their analyses and assessments of complex tactical
operations. Specifically, this approach may hold promise for
characterizing the complex performances found in simulator
training environments. In this context, it would be very useful
in being able to measure the meaning of words and phrases that
make up expert military judgments of simulated battles, along
with describing the reasoning process behind these judgments.

Objective

The objective of this report is to introduce the first phase
of a multi-phase project to connect the theory of fuzzy sets with
performance assessment and evaluation procedures currently used
by the U.S. Army. The report will discuss some of the conceptual
issues that surround assessing performance in complex military
settings. Specifically, the discussion will focus on the use of
military experts in interpreting tactical behavior of individuals
and their units. Furthermore, the report highlights that the
performance assessment process made by these experts contain both
numeric and linguistic information. The report thus builds on
the idea of applying the procedures of fuzzy sets to model the
meaning of concepts and relations used by military experts in
assessing military performance. The goal is to lay some of the
ground work for establishing mechanisms that support integrating
subjective and objective performance measures within the common
framework of military theory. The research findings will
ultimately be used to augment methods used by the Army to assess
training effectiveness for device-based training systems.

The need for the Army to continue to pursue research and
development of advanced measurement technologies will likely
become greater in the future. This need is based primarily on
the expanding role of high technology, device-based training
programs. These programs are giving the Army the potential to
create highly sophisticated, relatively inexpensive, simulated
battlefield environments that can be used to train soldiers.
With these new environments come new possibilities for measuring
the effectiveness of simulator training by developing measures
that relate to the task standards embedded in training doctrine.
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Performance measurement systems and procedures have always
played a pivotal role in training doctrines in the Army. A
measure of performance is typically observed to be a term,
quantity, or group of quantities, which are believed to summarize
the behavior of soldiers and their units. Decision makers often
use performance measures in order to: (a) provide training
feedback to soldiers, (b) evaluate training needs, and (c) to
manage various training systems.

The performance measures themselves are always intended, at
the very least, to communicate information which will allow for
rank ordering the various attributes and dimensions that compose
military operations. Presumably, those who use the measure of
performance can ignore the technical issues associated with how
the measures were generated. The decision maker will instead
make evaluations based on how the measures are rank ordered.

Decision makers do not generally consider the formal scaling
properties of the measures they use. Instead the measures often
become embedded in a kind of conversational vocabulary which
frequently finds its way into both technical and nontechnical

discussions. Some common examples relating to ground forces are
shown in Table 1.

Table 1

Examples of Performance Measures

Time to Plan Mission Range of Target Engagements
Time to Execute:March Distance Travelled During March
Accuracy of SPOT Report Accuracy of Contact Report

Time to Plan FRAGOS Number of FRAGOS Executed

Time to Execute Mission Rate of March During Mission

Situational context often complicates the meaning assigned
to particular performance measures. Nevertheless, there are
certain common features of performance measures that allow
decision makers to agree upon their appropriate use in particular
situations. For example, evaluating the performance of a
tactical road march would not typically include measures
specifically useful in evaluating target acquisition and
engagement, although both sets of measures may be based on a
similar metric, such as units of time. Therefore, performance
measures are almost always constrained by the context in which
they are used. 1In this sense, observable events must undergo
higher order transformations in order to add, among other things,
contextual meaning to the measures.

The context dependent transformations made on performance
measures typically produce performance indices which combine both
quantitative and linquistic information. In many situations,
value judgments, which are primarily linguistic-based, are mixed
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with numerical data. Further, it is the value judgment portion
of the measure that forms the linkages between the numerical
data, the tactical context, and the military constructs necessary
to infer meaning to a given military event. Value judgments
often include linguistic qualifiers such as "“Good" timing,
"Costly" maneuver, "Informative" SPOT report, etc.

However, traditional Army policy in establishing guidelines
for performance measurement systems is largely based on a
discrete classification system (e.g., qualified/unqualified,
go/no go, untrained/needs training/trained). These methods are
thus crude in the sense that they do not offer a means for
dealing with ambiguity, vagueness, bias, or degrees of opinion
that usually characterize the interpretational complexity of
military operational environments. The discrete classification
‘methodology, for example, contrasts with how subject matter
experts (SMEs) perform in practice when their duties are based on
detailed descriptions and analyses of critical incidents within
the context of certain military constructs and doctrine (Hiller,
1987). In this sense, the range and quality in responses
necessary to support expert judgments of observable tactical
events is often artificially constrained to discrete categories.
This discrete classification forces the expert to make very
precise distinctions in statements about an event. The end
result is measurements that may not accurately capture and
represent the essence of expert military judgment.

The notion of requiring an expert to render precise
statements about a complex military event appears to be
incompatible. Zadeh (1973) proposed that a principle of
incompatibility.be applied in dealing with complex systems: "As
the complexity of a system increases, our ability to make precise
and yet significant-statements about its behavior diminishes
until a threshold is reached beyond which precision and
significance (or relevance) become almost mutually exclusive
characteristics" (p. 28). Given the complexity of military
systems and operations, one can appreciate the principle of
incompatibility. For example, being able to precisely document
how many rounds were fired by a tank unit in a complex tactical’
engagement will most likely not reveal much about how that unit
performed in the context of the whole battle. Here, the single
objective indicant alone, although easily obtained, may have very
little military significance. Focusing on objective dimensions
of the battle tends to misdirect attention to physical event
parameters that are themselves of little information value.

Furthermore, examining a multiplicity of such indicants
together tends to induce information overload, creating confusion
rather than insight. Clearly, some intelligent synthesis of the
information is needed to form a meaningful pattern from a jumble
of disconnected data. This can only be achieved by developing a
systematic method of interpreting measures within a framework of
military concepts and principles. Such a framework is used by
the military expert to understand the meaning of battle events.
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Background of the Problem

Military Performance Measurement

There are typically many dimensions of performance that can
be assessed in any given military scenario. Many of these
performance dimensions are influenced by the kinds of tactical
requirements placed upon soldiers and their units, as well as the
options for performance available to them. Because there are
many levels on which to evaluate military performance, defining a
comprehensive criterion that distinguishes successful performance
from unsuccessful performance is often difficult.

Military performance measures tend to be complex in the
sense that they contain objective physical and personnel data,
and subjective judgment data. The multidimensional aspects of
military performance becomes apparent when these data categories
are considered simultaneously. Is a successful mission one in
which the fewest rounds were fired and the least fuel consumed
(physical data), the one whose units had the lowest casualties
(personnel data), or the one which was rated as demonstrating a
high quality tactical execution by a military expert (judgment
data)? Clearly, all three aspects are important, but may mean
different things in different situations.

The notion of properly defining performance criterion
measures appears particularly important in the on-going military
debate surrounding the issue of determining what device-based
training strategies can actually accomplish. The issue of
device-based training in general is a direct manifestation of new
budgetary constraints on traditional training philosophies using
operational equipment. Training predominately has been managed
by the concepts of operating tempo (OPTEMPO) that determines fuel
and maintenance costs, and live-fire gunnery exercises that set
ammunnition costs. As a consequence of cost limits, training
doctrine is becoming increasingly device-based rather than simply

device supported (Burnside, 1990; U.S. Army Training and Doctrine
Command, 1989).

However, as Burnside (1990) points out, "how should Army
training managers face this dilemma of increasing the use of
devices and simulations with only limited data available on what
these tools will train"? Rendering device-based capability
assessments is linked directly to problems that exist in defining
measures of performance for device-based training systems. Prior
to making recommendations about the types of military behaviors
that can be effectively trained through simulation, one must
first deal with the issue of developing performance measures that
are based in some way on task standards essential for success in
battle. Only then can intelligent assessments of device-based
training be made in in terms of valid performance criteria.

The military has traditionally depended on SMEs who possess
the domain of critical military concepts necessary for making




complex performance-related judgments based on interpretations of
objective data sources. For example, performance in device-based
training simulations, as well as capabilities of the devices to
train, commonly is assessd via judgments made by SMEs. In such
instances, an SME observing an exercise might say that a platoon
crossed the line of departure (LD) too early or too late, as a
result of poor planning by the platoon leader. Here, the timing
of LD crossing is described in relation to a prespecified time
existing in an order, and linked to a prior cause. The SME's
military concepts tell him how to abstract the difference between
actual and ordered time to determine contextual meaning, and how
to relate events causally. Both descriptive and comparative
terms are used to interrelate different pieces of information so
that a meaningful picture of a complex activity emerges. Within
the context of this perspective, complex judgment can be thought
of as an "emergent" feature of the interrelations between concept
dependent terminology and objective data.

Although it is clear that value judgments by subject matter
experts will continue to play a pivotal role in establishing
performance guidlines and task standards in the military, it
remains crucial that this method of assessment be continually
subjected to tests of reliability and validity (Burnside, 1982).
Much past research has illustrated the many problems associated
with expert judgment. Biases that threaten reliability and
validity come from many sources, including the context of
judgment, personality, age, cognitive style, information
processing limitations, judgment uncertainty and risk, stress and
so on. As a result, researchers continue to examine the human's
capacity for integrating diverse and partial information in
rendering judgments, and what conditions alter the ability to
judge accurately. Appendix A presents some alternative

-approaches and conceptual issues currently being considered by-

decision researchers in modeling both the nature of complex
judgments and their underlying processes. The knowledge derived
from this research will likley enhance our ability to develop
measures of performance for device-based training programs that
relate more closely to key military ideas and doctrine.

Automated and Instrumented Measurement

Although simulator combined arms training programs continue
to evolve, future performance criteria are likely to be based, in
part, upon developments like the Unit Performance Assessment
System (UPAS). UPAS is a PC-based system that allows trainers to
evaluate unit simulation performance. UPAS operates by
collecting, from a variety of sources, real time data from
networked interactive simulations, which include simulation
networking systems for training (SIMNET-T), and research and
development (SIMNET-D).

Briefly, SIMNET-T is a networked distributed processing
battlefield simulator developed to complement combined arms field
training exercises. SIMNET-T is located in the Combined Arms




Tactical Training Center at Fort Knox. SIMNET-D is a similar
networked simulator that provides a reconfigurable test bed for
prototyping futuristic weapons systems, organizations, and
operational doctrine. SIMNET-D is in the Close Combat Test Bed
facility, also at Fort Knox. These mannned simulator systems
allow many players to engage in interactive, real-time battles
against other human players or semi-automated forces locally or
at remote locations in the U.S. and Europe. Data from these
simulations can be entered into a relational database configured
to resemble the National Training Center (NTC) database at Fort
Irwin, California. The ARI Presidio of Monterey Field Unit
maintains an archive of NTC databases for research purposes.

One objective being pursued in developing the UPAS system is
to provide a low-cost capability to record many of the objective
physical events that represent the critical elements of tactical
missions and scenarios. In theory, UPAS should allow one to
organize events characterizing a given scenario in a manner that
is informative to trainers, and which can support training needs,
analysis and research. For example, UPAS can replay vehicle
movement and weapons firing events on a map display showing a
bird's-eye view of the battlefield terrain. Magnified snapshots
of the display at given points of a mission can be made from
recorded event sequences that document key elements of a tactical
mission. These snapshots show figures displayed over a terrain
map providing detailed information on vehicle position, and gun
tube and turret orientation. The replay and snapshot facilities
of UPAS give trainers information to support evaluations of unit
movement formations, coordination of actions, and execution of
orders, as well as other features of the tactical operation.

Although UPAS should greatly improve the capacity to assess
simulator-based training performance, developing performance
measures from data collected on UPAS will be difficult. This
will be especially true of complex performance measures that
reflect more abstract functions, such as command and control.

Classes of Events. Implicit in many measurement systems is
the notion of a hierarchical event structure which is used to
categorize certain properties of a given phenomenon. The degree
of specificity required, for example, to rank-order measurements
of some phenomenon changes as the measures themselves become more
general and fuzzy. For example, more global kinds of performance
measures will be needed to address performance at the division
level as opposed to the platoon level.

As one moves up the military echelon hierarchy, one begins
to use more non-numeric response formats to communicate
performance. This is essentially due to the fact that complexity
makes it more difficult to make precise statements, because
statements (or estimates) become conditioned by a multitude of
other significant dimensions. For example, at a high level, such
as a theater of operation, the measure may be one of "effective
force structure". The measure of an effective force structure




would tend to be linguistic rather than numeric. The measure
would likely call for a value judgment which would combine data
on the distribution of military resources, the immediate tactical
situation, political ramifications, and so on.

However, measuring a more clearly defined event, such as
"securing an objective on a terrain" would tend to move down the
hierarchy to a lower level. Here, the performance measure
generated from expert judgment would likely be a combination of
non-numeric and numeric information. For example, pairing
linguistic information (e.g., "good" execution) with numeric
information (e.g., number of rounds fired, casualties taken, and
positions occupied). Typically, the farther one travels down the
echelon hierarchy to lower levels, the more the measures become
increasingly numeric as in the case of firing accuracy and
movement directions. The judgment of performance at lower
echelons tends to facilitate higher degrees of precision in
responses than the upper echelons simply because there is far
less influencing the outcome of actions relevant to these levels.

In automated systems like SIMNET, there are computed events
which are automatically recorded by the UPAS real-time data
logger, such as elapsed time, vehicle location, status, and
weapon firing that are obtained from the data broadcast over the
computer networks. Similarly, at the NTC, instrumentation on
vehicles collects and transmits information to telemetry
stations for computer storage and processing. In both cases the
recorded avents are considered the primary elements of unit
performance that are directly observable and very clearly
specified. In addition, radio communications are directly
monitored by ébservers and also can be recorded in analog form.
A second order event class includes those events that typically
can not be recorded or instrumented:— This event class is not
directly observable, rather, it is either deduced or inferred on
the basis of directly observable events that have occurred.

The distinguishing feature of these particular event classes
from that of even higher order measurement categories is that the
events are typically considered to be binary in nature. For
example, either the platoon crossed the line of departure at the
ordered time or they did not. Here, the observation is made by
reference to (i.e, mapped directly to) a physically instrumented
event such as a marker code indicating passage of the line of
departure. From a hierarchical perspective, the (psychological)
distance between directly observable events and indirectly
observable binary events is relatively small. That is, binary
events can usually be reduced to their more elemental, directly
observable parts. However, the relational simplicity between
observable and nonobservable events ceases when discussing the
more complex value judgments as the third class of events.

Meaning of Events. A fundamental problem of unit
performance analysis lies in mapping observable events collected
from UPAS or other sources onto the various theoretical elements
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of training doctrine. Complex judgments made by experts of
various military scenarios cannot typically be parsed into their
most elementary physical events. This is because the referents
of many judgments lie not just in the observable data, but rather
in interpretations of the significance or value of certain
tactical behaviors.

For example, if we are interested in assessing the mission
of "movement to contact", UPAS will allow us to describe when and
where all the tanks move and their spatial location in relation
to terrain and each other. We can use this information to
compute various indices of movement-to-contact performance such
as unit speed, acceleration from the line of departure, and
radial velocity of maneuvering vehicles. Many other measures are
possible. However, no matter how much one quantifies what the
tank units are doing in terms of measures generated from these
kinds of observable events (i.e., elapsed time and position), the
measures may not, by themselves, be informative. That is, the
meaning we assign to given events is a function of an
interpretation made within the framework of a set of military
constructs. In any measurement problem you have observed indices
of a phenomenon, and you have various relationships which tie
these indices to a system of constructs and theories.

As data-based training devices become more complex and
sophisticated, the link between computed or instrumented measures
of performance (as recorded by UPAS) and the interpretations as
to the success or failure of training formed on the basis of
these measures may become more illusive and difficult to define.
The future capability to alter and record many different
parameters of & simulation is likely to make the job of
performance evaluation more demanding. Using the current
methodology for assessing training performance would likely
include having experts generate value judgments on military
behavior during or after the simulation. As simulations become
more complex, the job of rendering judgments on performance will
become more difficult. Complexity also will lead to more
elaborate descriptions of military events by experts.

The problem of complexity can be ultimately defined as the
relationship between the physical events recorded by simulation
software and the interpretation of what these events mean vis-a-
vis the domain of military propositional constructs. Hiller
(1987) cogently makes a similar argument when characterizing the
many shortfalls associated with performance measurement systems
during field training operations:

"Observers may intuitively feel that certain units are
relatively effective or ineffective, but historically the
training community has been unable to substantiate these
feelings with hard, precise data. This drawback is somewhat
an