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In this paper we propose a new framework for evaluating designs based on work
domain analysis, the first phase of cognitive work analysis. We develop a ratio-
nale for a new approach to evaluation by describing the unique characteristics of
complex systems and by showing that systems engineering techniques only par-
tially accommodate these characteristics. We then present work domain analysis
as a complementary framework for evaluation. We explain this technique by
example by showing how the Australian Defence Force used work domain analy-
sis to evaluate design proposals for a new system called Airborne Early Warning
and Control. This case study also demonstrates that work domain analysis is a
useful and feasible approach that complements standard techniques for evalua-
tion and that promotes a central role for human factors professionals early in the
system design and development process. Actual or potential applications of this

research include the evaluation of designs for complex systems.

INTRODUCTION

Cognitive work analysis (Rasmussen, Pejter-
sen, & Goodstein, 1994; Vicente, 1999) has
most commonly been used for the design and
evaluation of interfaces for complex systems
(e.g., Burns, 2000; Dinadis & Vicente, 1999;
Pejtersen & Rasmussen, 1997; Rasmussen,
1998; Vicente, 1995). More recently, however,
we have shown that cognitive work analysis can
be extended beyond interface design to the de-
sign of entire systems and to all phases of a
system’s life cycle, from requirements definition
to system retirement (Naikar, Lintern, & Sander-
son, in press; Sanderson, Naikar, Lintern, &
Goss, 1999; Sanderson, 2000). Our focus in this
paper is to show how work domain analysis,
the first phase of cognitive work analysis, can be
used to evaluate design proposals for complex
systems, such as military aircraft.

Traditionally, the role of human factors pro-
fessionals in test and evaluation of designs has
involved assessing the human performance

implications of alternative design solutions
(Meister, 1986). Unfortunately, experience has
shown that the advice provided by human fac-
tors experts is often ignored or is left until it is
too late to incorporate into design (e.g., Charl-
ton & O’Brien, 1996; Czaja, 1997; Walsh, Lim,
& Long, 1989; Whitefield, Wilson, & Dowell,
1991). To encourage human factors advice to be
taken seriously, new steps are necessary for pro-
moting the role of human factors practitioners
in system design and development. We believe
that work domain analysis offers a means for
fulfilling this goal.

In this paper we present work domain analy-
sis as a framework for evaluating designs in the
context of military acquisition. In particular, we
focus on the early stages of acquisition, when a
buyer evaluates several proposals that have
been submitted by various manufacturers for
the design of an intended system. This process
is called tender evaluation in the United King-
dom and Australia and source selection in the
United States of America. The aim of this
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process is to determine which of the proposals
will best satisfy user needs. This is an important
stage of acquisition because following this deci-
sion the buyer becomes locked into a particular
design concept, and further evaluation is
focused on modifying or refining the chosen
design.

In the following sections we develop a ratio-
nale for a new approach to evaluating designs
by describing the unique characteristics of com-
plex systems and by discussing the limitations
of systems engineering techniques in accommo-
dating these characteristics. We recognize that
our arguments are relevant to a broad range of
systems, not only military systems, and to many
different kinds of evaluation, not just the evalu-
ation of design proposals. Nevertheless, we
concentrate mainly on the use of work domain
analysis for evaluating design proposals for mil-
itary systems because this is the only context in
which we have used this framework so far.

Evaluating Designs for Complex Systems

Complex systems have special characteris-
tics that place unique requirements on the
evaluation of designs. First, complex systems
consist of an interdependent set of human and
machine components that must interact to
achieve the work requirements of the system.
This implies that a framework for evaluating
designs must be concerned not only with the
performance of individual components in the
system but also with the interactions between
the components. In addition, the criteria for
evaluating the performance of the components
must be aimed at whether they fulfill the work
requirements of the system.

Second, the work requirements of complex
systems can no longer be described by a stable
set of task sequences or procedures (Meister,
1996; Rasmussen et al., 1994; Vicente, 1999).
In modern systems with high levels of automa-
tion and computerization, the main role of
human workers is to deal with novel or unpre-
dictable contingencies, which pose a consider-
able threat to system performance and safety
(Perrow, 1984; Pool, 1997; Reason, 1990;
Vicente, 1999). In these situations, workers
typically cannot rely on preplanned work proce-
dures. Rather, flexible and innovative problem-
solving behavior is critical for preventing the
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system from failing. A framework for evalua-
tion must therefore accommodate judgments of
whether a design will support a variety of work
patterns in a dynamic work space.

Standard Techniques for
Evaluating Designs

In this section we describe standard tech-
niques for evaluating designs and show that
these techniques only partially fulfill the require-
ments for evaluating designs for complex sys-
tems. These techniques, which are known as
technical and operational evaluation tech-
niques, are derived from systems engineering
and are commonly used for military acquisition
throughout the world (Charlton & O’Brien,
1996; Department of Defence, 1995, 1999;
Gabb & Henderson, 1995, 1996; Malone, 1996;
O’Brien, 1996). Although there may be slight
differences in how the techniques are imple-
mented across projects, the general approach is
the same.

The technical evaluation involves examining
the physical devices of a proposed design
against a set of prespecified technical perfor-
mance criteria. For example, relevant criteria for
an aircraft’s mission computer may include stor-
age capacity, speed of processing, and reliability.
By using this technique, evaluators develop a
detailed understanding of the technical solution
of a proposed design. However, each of the
physical devices, and the human and machine
performance implications of each device, are
largely evaluated in isolation of one another.

The operational evaluation involves examining
how the technical solution of a proposed design
will perform in specific mission scenarios. This
technique promotes an understanding of how a
design will deal with the work requirements of a
range of probable situations. However, because
of logistical difficulties, the evaluation is usually
limited to a small number of scenarios relative to
the total work space of possibilities. Moreover,
the mission scenarios are typically specified as
sequences of tasks and events that can be antic-
ipated by domain experts. Thus this technique
has little to offer in determining how designs
will perform in a broad range of situations,
including changing or unanticipated conditions.
Similar criticisms were made by Vicente (1999)
of scenario-based design.
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Figure 1. General format of an abstraction hierarchy illustrating how the design solutions relating to particu-

lar physical devices can be evaluated against the high-level functional properties of a work domain.

A Work Domain Analysis-Based Approach
for Evaluating Designs

In this paper we propose a new framework
for evaluation based on work domain analysis,
the first of the five techniques of cognitive work
analysis (Rasmussen et al., 1994; Vicente,
1999). Work domain analysis explicitly recog-
nizes that complex systems are subject to a
great many events that cannot be specified or
enumerated in detail. Hence, rather than con-
centrating on specific scenarios or trajectories
through a work space, work domain analysis
focuses on the fundamental functional bound-
aries on system performance and safety. These
functional boundaries are relevant to a broad
range of situations, including scenarios that
cannot be specified up front, and are thus
described as event independent.

The functional boundaries of a work domain
can be represented in an abstraction hierarchy
(Figure 1). An abstraction hierarchy typically
describes (a) the functional purposes or high-
level objectives of a work domain; (b) the pri-
orities and values that must be preserved in

carrying out the work of the system; (c) the
purpose-related functions or general functions
that must be executed and coordinated to
achieve work domain objectives; (d) the physi-
cal functions, such as those afforded by the
physical devices of the work domain; and (e)
the physical form, such as the physical devices
themselves. The functions at each layer can also
be decomposed into their constituent parts (see
Naikar & Sanderson, 1999; Rasmussen et al.,
1994; Vicente, 1999).

The links between the layers of an abstrac-
tion hierarchy express means-ends or how-why
relations (Figure 1). Links from a target func-
tion to lower levels of abstraction indicate how
a function is operationalized or engineered
(means). Conversely, links from a target func-
tion to higher levels of abstraction indicate why
that function exists (ends).

By using an abstraction hierarchy for evalua-
tion, the physical-device solutions of a proposed
design (physical form and physical function)
can be evaluated in terms of how well they ful-
fill the higher-level functions and objectives of
a work domain (purpose-related functions,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



532

Winter 2001 - Human Factors

priorities and values, functional purposes). For
example, Figure 1 shows that Physical Device B
and Physical Function B can be evaluated in
terms of how well they support Purpose-Related
Functions Y and Z. The effect on the purpose-
related functions can then be evaluated against
Priority/Values V and W and the functional pur-
pose of the work domain.

The abstraction hierarchy can also be used
to evaluate interactions among physical-device
solutions. To illustrate, although the designs of
Physical Devices B and C could each fulfill
their technical performance criteria, the inter-
actions between the solutions might compro-
mise Purpose-Related Function Z and Priority/
Value W. However, Physical Devices B and C
might both have positive effects on Purpose-
Related Function Z, which then shows up as
an enhanced effect on Priority/Value W. Alter-
natively, Physical Device B may have a positive
effect on Purpose-Related Function Z that can-
cels the negative effect that Physical Device C
has on this function, so that overall there is no
effect on Priority/Value W.

In summary, then, work domain analysis
focuses evaluation on whether an interdepen-
dent set of physical-device solutions will interact
effectively to fulfill the work requirements of a
proposed system. These work requirements,
which are defined by the purpose-related func-
tions, priorities and values, and functional
purposes of a work domain, are event indepen-
dent. Thus, work domain analysis promotes an
understanding of how designs will perform in
a wide variety of situations, including changing
or unpredictable contingencies.

EVALUATING DESIGNS FOR AIRBORNE
EARLY WARNING AND CONTROL

Having outlined the theoretical motivations
for a work domain analysis-based approach to
evaluation, we will now explain this technique
by example by showing how the Australian
Defence Force used work domain analysis to
evaluate design proposals for a new system,
Airborne Early Warning and Control (AEW&C).
This case study also highlights the benefits and
challenges of using work domain analysis to
evaluate designs, and compares it with standard
evaluation techniques that were also used on this

project. First, however, we provide a brief back-
ground of the AEW&C project to illustrate the
Australian Defence Force’s motivations for
adopting work domain analysis.

AEW&C is a complex airborne system that
is currently being manufactured by Boeing for
the Australian Defence Force. When it is deliv-
ered to Australia, each AEW&C aircraft will be
equipped with a suite of physical devices,
including onboard sensors, satellite intelligence
links, voice and data communications systems,
and electronic warfare equipment. The crew of
AEW&C will consist of a pilot, a copilot, and a
team of people at the back of the aircraft who
will be responsible for developing a situation
picture and controlling defense assets in an
allocated area of operations. This role is similar
to that of the Airborne Warning and Control
System of the U.S. Air Force.

Initially, the AEW&C Project Office was going
to use only standard techniques to evaluate
AEW&C designs that had been submitted by
Boeing, Raytheon E-Systems, and Lockheed
Martin. For the technical evaluation, evaluators
would judge whether the design solutions for
each of the physical devices of AEW&C com-
plied with, exceeded, or were deficient with
respect to prespecified performance require-
ments. For the operational evaluation, evaluators
would develop computational models of the tech-
nical solutions of the three designs and then use
Monte Carlo simulation to test the performance
of the alternative designs in six mission scenarios.

During a preliminary evaluation using these
techniques, the AEW&C Project Office realized
that the technical evaluation would result in a
series of disparate reports about each of the
many physical devices of AEW&C. For exam-
ple, a radar report might inform them that
Design A was better than Designs B and C, a
communications report might inform them that
Design B was better than Designs A and C, and
a mission system report might inform them that
Design C was better than Designs A and B. The
AEW&C Project Office quickly became very
concerned about how they would integrate the
recommendations of all of the technical reports
to reach a final decision about the best
AEW&C design.

When this problem was presented to the
AEW&C evaluation team, of which we were

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



EVALUATING DESIGNS WITH WORK DOMAIN ANALYSIS 533

members, it struck us that all of the physical
devices of AEW&C were being designed into a
single system to support a common set of func-
tions, priorities and values, and purposes. Thus,
work domain analysis could be used to carry
out an integrated evaluation of all of the physi-
cal devices of AEW&C. Convincing the
AEW&C Project Office to adopt this approach
involved constructing a draft abstraction hierar-
chy and playing out how the evaluation would
proceed using this approach. After the decision
to use work domain analysis was made, we had
only 1 year remaining to conduct a work
domain analysis for AEW&C and to develop a
process for using this approach for the final
evaluation of AEW&C designs. It is difficult to
determine the exact cost of the work domain
analysis approach, but the cost of adding this
approach to the AEW&C project was insignifi-
cant relative to the cost of the standard tech-
niques.

AEW&C Work Domain Analysis

Our first step on the AEW&C project was to
develop an abstraction hierarchy for AEW&C.
We used various internal documents prepared
by the Australian Defence Force, such as the
AEW&C concept of operations and the AEW&C
system specification, to develop a preliminary
abstraction hierarchy. This initial representation
was reviewed by several subject-matter experts,
including military personnel and engineers,
operations analysts, and scientists from the
Defence Science and Technology Organisation.
This work occurred over a period of 6 months,
with the analysts working approximately half
time during this period.

In reviewing the documents and interviewing
subject-matter experts, we used the labels and
descriptions of each layer of the abstraction
hierarchy (Rasmussen et al., 1994; Vicente,
1999) to guide our search for particular kinds
of information. So, for the functional purposes
of AEW&C, we searched for information about
why AEW&C was being purchased by the
Australian Defence Force and how AEW&C
would contribute to Australia’s defense capabil-
ity. For the priorities and values layer, we looked
for information about the advantages that
AEW&C would offer over potential adversaries
in the area. For the purpose-related functions

layer, we looked for information about the
everyday functions that AEW&C would per-
form on a mission. Information about the physi-
cal form and physical functions of AEW&C
were readily available in acquisition documents
that listed the physical devices of AEW&C and
the functionality of each device. To ensure that
the abstraction hierarchy was internally consis-
tent and complete, we asked ourselves and the
subject-matter experts how-why questions
about all of the functions we had represented.

The resulting AEW&C abstraction hierar-
chy has 2 functional purposes, 10 priorities
and values, 12 purpose-related functions, 77
physical functions, and 61 physical devices.
About 350 means-ends relations were used to
check the internal consistency of the AEW&C
abstraction hierarchy. Because of the size of
this analysis, we cannot reproduce the entire
AEW&C abstraction hierarchy here.

In Figure 2, however, we provide a sample
of functions from each layer of the AEW&C
abstraction hierarchy. The functional purposes
layer illustrates that AEW&C will contribute
not only to the defense of Australia but also to
civil defense operations (e.g., search and res-
cue) and regional activities (e.g., disaster
relief). To achieve these objectives, AEW&C
must satisfy the priorities and values of a long-
term understanding of patterns of regional
activity, a real-time understanding of the cur-
rent tactical situation, the coordination and
safety of assets under its control, and self-
preservation. The purpose-related functions
that it must execute to fulfill the purposes of
the work domain include development of the
tactical picture, evaluation of the tactical situa-
tion, communication, and implementation of
protective measures. Finally, AEW&C will be
equipped with physical devices such as a radar
for gathering information from the environ-
ment and a mission data-processing computer
for storing and processing information.

The means-ends links in Figure 2 illustrate
that evaluators can use the AEW&C work
domain analysis to judge the impact of physical-
device solutions on the higher-level functions of
the work domain. Thus if the ability to ex-
change information and communicate is com-
promised through deficiencies in the equipment
design, then the ability to establish, update, and
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Figure 2. Sample of functions and means-ends relations from the AEW&C abstraction hierarchy.

disseminate the tactical picture and to exercise
control over friendly assets is also compro-
mised, which propagates through to all system
goals. However, if the deficiency in equipment
functioning is such that electronic and radio
emissions are reduced, the presence of the plat-
form will be communicated less broadly, which
helps to protect the platform, sensors, and infor-
mation systems from attack.

In a separate internal document, we devel-
oped detailed explanations for each of the func-
tions and means-ends relations in the AEW&C
abstraction hierarchy. We also decomposed the
functions at each layer of the abstraction hier-
archy into their constituent parts. For example,
the function evaluate tactical situation was
decomposed into types of tactical information,
including behavior of tracks, intelligence,
weather, and terrain.

Using Work Domain Analysis to Evaluate
AEW&C Designs

The process for using the AEW&C work
domain analysis to evaluate designs took advan-
tage of the structure of the evaluation team that
had been set up for the technical evaluation.

This team was divided into subgroups (e.g.,
radar subgroup, communications subgroup)
that were responsible for evaluating the designs
of particular physical devices of the AEW&C
aircraft. Each subgroup consisted of military
operators and technical specialists, and each
subgroup had a leader who was responsible to
the head of the entire evaluation team. For the
technical evaluation, each subgroup rated
whether the physical devices for which they
were responsible exceeded, complied with, or
were deficient relative to prespecified technical
performance requirements.

Following this, each subgroup evaluated the
results of the technical evaluation against the
purpose-related functions of AEW&C. Table 1
presents an evaluation of a single design (De-
sign A); this is a hypothetical example, as
information about the actual designs could not
be reported here. The table lists some of the
AEW&C purpose-related functions in the
columns, and the reports of the radar, electronic
warfare, and mission system subgroups are
shown in the rows. The reports described the
impact of technical enhancements or deficiencies
on the purpose-related functions of AEW&C.
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Where applicable, the reports described both the
human and machine performance implications
of the design. The evaluation groups used the
explanations and decompositions of functions,
which we had provided in separate internal doc-
uments, as a reference during this process.

After the subgroups had completed their
reports, the head of the evaluation team, assist-
ed by the leaders of the subgroups, summarized
the overall impact (across physical devices or
subgroups) on the purpose-related functions of
AEW&C. Examples of such summaries are
shown in the last row of Table 1. Following this
step, the head of the evaluation team and his
assistants (all evaluation team heads were men)
evaluated the impact of the summaries at the
purpose-related functions layer on the priorities
and values of AEW&C. This requires a table,
similar to Table 1, in which the priorities and
values of AEW&C are placed in the columns
and the rows describe the impact that the sum-
maries at the purpose-related functions layer
(from the last row of Table 1) have on the prior-
ities and values of AEW&C. Finally, the sum-
maries for each priority and value were
evaluated against the functional purposes of
AEW&C.

The next step was to compare the three
AEW&C designs in terms of how well they sup-
ported the purpose-related functions, priorities
and values, and functional purposes of AEW&C.
A hypothetical comparison of three designs for
some of the purpose-related functions of
AEW&C is shown in Table 2. The designs were
ranked in terms of how well they supported each
of the functions in the AEW&C abstraction
hierarchy. The overall ranking, across all func-
tions in the abstraction hierarchy, was deter-
mined by committee. These rankings were then
justified to a board of senior defense personnel.

The committee’s recommendations to the
board may have been contingent on factors not
embedded within the work domain analysis. For
example, if the committee were faced with the
hypothetical situation in Table 2, they may have
ranked Design A last because it breaches critical
security requirements. However, they may have
recommended that if the issues surrounding
data linking with friendly assets could be
resolved, for example, by enhancing the security
of the data links while maintaining interoper-

ability requirements, Design A should be ranked
first because of the significant benefits of a radar
with a long detection range. Finally, we note
that the selection of the winning design was also
influenced by the results of the technical and
operational evaluation techniques.

Benefits and Challenges of Using
Work Domain Analysis to Evaluate
AEWE&C Designs

When the AEW&C Project Office staff briefed
the deputy secretary of the Department of De-
fence on the evaluation process, they singled out
work domain analysis for mention because of its
usefulness. Through discussion with members of
the evaluation team, including those from the
AEW&C Project Office, we believe there are
several reasons work domain analysis was con-
sidered to be a useful approach. First, the
AEW&C work domain analysis provided a set of
functional criteria for integrating the results of
the technical evaluation, including both human
and machine performance outcomes, across all
of the physical devices of AEW&C. Therefore,
whereas the technical evaluation concentrated
mainly on individual physical devices, work
domain analysis promoted an understanding of
how well an interdependent collection of human
and machine components would function and
interact to support AEW&C objectives. In addi-
tion, work domain analysis made it easier to
select the best overall design because the three
AEW&C designs could be compared systemati-
cally on a common set of criteria.

Second, the AEW&C work domain analysis
shifted the focus of evaluation from technical
properties (technical evaluation) to the purpose-
related functions, priorities and values, and
functional purposes of AEW&C. Work domain
analysis was ideal for this purpose because the
multiple levels of abstraction allowed evaluators
to gradually shift their attention from low-level
technical characteristics to high-level functions.
Thus, whereas the technical evaluation led to a
comprehensive understanding of the technical
competence of proposed designs, work domain
analysis allowed the Australian Defence Force
to judge whether the technical solutions would
fulfill the work requirements of AEW&C. In
addition, the AEW&C Project Office found it
useful that through work domain analysis, they
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TABLE 1: Hypothetical Assessment of a Single Design, lllustrating How Subgroups Evaluated the
Impact of Physical-Device Solutions on the Purpose-Related Functions of AEW&C

Detect, Track, and Associate

Evaluate Tactical Situation

Radar
report

Electronic
warfare report

Mission system
report

Summary by
head of
evaluation
team

Radar detection range (600 nautical miles)
will enable earlier detection, tracking, and
association of contacts than will original
requirement.

The electronic support system detects a
smaller number of emitters than does origi-
nal requirement. This will reduce AEW&C's
capability for identifying unknown entities
in the environment.

Reduced coverage of electronic system will
compromise identification of unknown enti-
ties. However, the enhanced radar range
offers a significant advantage in detecting
the existence of incoming tracks earlier.
Location and activity information provided
by radar is judged to be more valuable
than the ability of the electronic system to
identify a large number of emitters because
it is a greater advantage to know the exis-
tence of a potential threat earlier than to
know the specific identity of a threat.
Hence the proposal exceeds the require-
ment for this function.

Radar detection (600 nautical miles)
will allow earlier recognition of pat-
terns of emerging activity than will
original requirement.

The electronic support system detects
a smaller number of emitters than
does original requirement. This may
result in an incomplete tactical picture
and an inadequate understanding of
the tactical situation.

Altitude of tracks is displayed adjacent
to each track using height bars; thus
altitude information will be more readily
accessible in a visuospatial format,
which should help operators to develop
situation awareness. Original require-
ment was for altitude information to
be displayed numerically.

The long radar range allows track
behavior to be monitored for longer
and increases the likelihood of infer-
ring the intent of a track. This will
compensate for the deficiencies of the
electronic support system. In addition,
the visuospatial depiction of altitude
may be helpful in developing and
maintaining situation awareness. Thus,
overall, the proposal exceeds the
requirements for this function.

could express the results of the evaluation in
terms of military utility to senior decision mak-
ers, who did not have the technical expertise of
those on the evaluation team.

Third, whereas the operational evaluation
was restricted to six mission scenarios, the
AEW&C work domain analysis focused evalua-
tion on a set of functional properties that were
independent of particular events. Thus the

AEW&C work domain analysis promoted a
general understanding of how AEW&C designs
would perform in a broad range of situations,
including unanticipated events. This approach
complemented the operational evaluation,
which provided a detailed understanding of
how the proposed designs would perform in a
small range of probable AEW&C scenarios.
One of the challenges we faced in using work
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TABLE 1 (continued)

Communicate

implement Protective Measures

Communications to friendly assets will in-
clude information on tracks 600 nautical
miles from AEW&C. Interception of these
data communications by adversaries
would reveal AEW&C radar range,
breaching security requirements.

Spatial audio is being offered, which will
assist operators in distinguishing mes-
sages from multiple channels, thereby
improving comprehension and reducing
the chance of important communications
being missed.

Protecting knowledge of our radar's
range is a security imperative. Therefore
AEW&C must choose not to data link
with friendly assets, which significantly
reduces the capability of AEW&C, or the
security of data links must be enhanced,
which introduces difficult and expensive
interoperability challenges. Thus, al-
though spatial audio has been shown to
improve people’s comprehension of voice
communications, the proposal does not
meet the requirements for this function.

Radar detection range (600 nautical miles) will allow
threats to be detected sooner and while they are farther
away from AEW&C, giving AEW&C more time to respond
to threats.

The electronic support system detects a smaller number of
emitters than the original requirement, but as it can detect
emitters from all of the most likely threats to AEW&C, the
impact on this function is judged not to be significant. The
proposal does not meet the requirement for flares to be
fitted to the aircraft. When at altitude, the aircraft can be
protected by positioning it outside the range of infrared
missiles. However, during takeoff and landing AEW&C
would be vulnerable to ground-based infrared missiles.
The proposal provides signature suppression significantly
in excess of the original requirement, thereby greatly reduc-
ing the effective range of an adversary’s infrared missiles.

Earlier detection of threats allows timely evasive action
and enhances AEW&C's ability to remain outside the
range of infrared missiles at altitude. However, the plat-
form is still vulnerable to shoulder-launched infrared
weapons during takeoff and landing. Although infrared
signature suppression reduces the zone of vulnerability to
some extent, flares would be of greater protective benefit.
Thus the proposal does not meet the requirement for this
function.

domain analysis was conveying to the evaluation
teamn that the AEW&C abstraction hierarchy rep-
resented the functional properties of the AEW&C
work domain rather than the activity that occurs
in the work domain. Because AEW&C is partly a
physical and partly an intentional domain, this
was at times difficult to distinguish as clearly as
for purely physical domains, such as pasteuriza-
tion plants and thermal-hydraulic process plants

(e.g., Bisantz & Vicente, 1994; Reising & Sander-
son, 1996). Vicente (1999) has suggested using
nouns, rather than verbs, to emphasize the func-
tional structure of a work domain. Because we
intend the AEW&C work domain analysis to be a
useful product throughout the life of the AEW&C
system, we are currently tightening our analysis
before using it further.

Another challenge in developing work domain
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TABLE 2: Hypothetical Comparison of Three Designs in Terms of How Well They Support the Purpose-
Related Functions of AEW&C

Detect, Track, and Associate

Evaluate Tactical Situation

Design A

Design B

Design C

Comparison
of designs

Reduced coverage of the electronic sys-
tem will compromise the identification of
unknown entities. However, the enhanced
radar range offers a significant advantage
in detecting the existence of incoming
tracks earlier. The location and activity
information provided by the radar is
judged to be more valuable than the
ability of the electronic system to identify
a large number of emitters because it is a
greater advantage to know the existence
of a potential threat earlier than to know
the specific identity of a threat. Hence
the proposal exceeds the requirement
for this function.

The mission computer has a maximum
storage limit of 200 tracks, which will
result in a large number of entities in the
environment remaining untracked.
Moreover, the radar has a slow update
rate (10 s for scan only, 15 s with track-
ing), which is likely to provide inaccurate
position information for tracks. Hence the
proposal does not meet the requirements
for this function.

The mission system has advanced algo-
rithms for associating tracks, which offers
the potential for a greater number of track
associations. Thus the proposal exceeds
the requirements for this function.

The ranking of proposals for this function
is A, C, B. Design A provides a significant
tactical advantage by allowing earlier
detection of incoming tracks. Design C
associates pairs of tracks to which opera-
tors haven't attended. However, such
tracks are likely to be outside the area of
significance and of limited tactical interest.
Design B is significantly disadvantaged by
its limited track storage capability and its
radar's limited update rate.

Long radar range allows track behavior to
be monitored longer and increases likeli-
hood of inferring the intent of a track. This
will compensate for the deficiencies of the
electronic support system. In addition, the
visuospatial depiction of altitude may be
helpful in developing and maintaining situ-
ation awareness. Thus, overall, the proposal
exceeds the requirements for this function.

The greater display size will allow operators
to have more information on the screen
simultaneously, but entities of interest may
not be tracked because the mission com-
puter stores a maximum of 200 tracks,
thereby compromising operators' evalua-
tion of the tactical situation. Also, the slow
radar update rate will decrease operators’
ability to anticipate track maneuvers.
Hence the proposal does not meet the
requirements for this function.

Information about the height of tracks can
be accessed only via a 3rd level of menu.
Also, the system does not have the capa-
bility to display track history. Both these
features will have a negative effect on
operators’ evaluation of the tactical situa-
tion. Thus the proposal does not meet the
requirement for this function.

The ranking of proposals for this function is
A, B, C. Design A offers significant advan-
tages in giving operators more time to
monitor track behavior, and to infer the
intent of tracks. Design B has the advan-
tage of allowing operators to display more
information on a screen. However, this
advantage is outweighed by its limited
track capacity and its slow radar update
rate. Design C is significantly disadvantaged
because operators will have no information
about the history of tracks, and height
information is difficult to obtain.
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TABLE 2 (continued)

Communicate

Implement Protective Measures

Protecting knowledge of our radar’s range is a
security imperative. Therefore AEW&C must
choose not to data link with friendly assets,
which significantly reduces the capability of
AEWE&C, or the security of data links must be
enhanced, which introduces difficult and expen-
sive interoperability challenges. Thus, although
spatial audio has been shown to improve people’s
comprehension of voice communications, the
proposal does not meet the requirements for
this function.

The greater number of voice channels will reduce
operators’ workload in managing their voice
communications. Thus the proposal exceeds

the requirements for this function.

The proposal offers special processing features
to improve the clarity of voice communications.
Moreover, the proposal offers enhanced transmit-
and-receive features, which allow over-the-horizon
communications. Thus the proposal exceeds the
requirement for this function.

The ranking of proposals for this function is C, B,
A. Design C offers significant advantages as
over-the-horizon communications would allow
AEW&C to communicate with entities that would
otherwise be out of range and to act as a relay
station for friendly entities that are beyond com-
munication range with their base. Design B offers
a minor advantage in reducing the communica-
tions management workload, although workload
is not expected to be excessive. Design A 'is
severely disadvantaged by being unable to trans-
mit on data links without breaching security
requirements.

Earlier detection of threats allows timely evasive
action and enhances AEW&C's ability to remain
outside the range of infrared missiles at altitude.
However, the platform is still vulnerable to shoulder-
launched infrared weapons during takeoff and
landing. Although infrared signature suppression
reduces the zone of vulnerability to some extent,
flares would be of greater protective benefit.
Thus the proposal does not meet the require-
ment for this function.

The faster speed at which the platform can travel
will give the system more time to continue moni-
toring activity in the area of interest before it
needs to take evasive action. Thus the proposal
exceeds the requirement for this function.

The slower speed of the platform impairs its ability
to escape from threats, but the proposal offers
over-the-horizon communications, which allows
the platform to be positioned farther from the
battlefield. Thus the proposal meets the require-
ments for this function.

The ranking of proposals is B, C, A. Design B has
a significant speed advantage, allowing the plat-
form to remain on station longer and evade
threats more successfully. Design C has the
advantage of over-the-horizon communications,
suggesting that the platform could be located
farther from battle. However, its radar range is
standard, so the platform will need to remain for-
ward to retain radar coverage of the battle. Its
slower speed also inhibits its ability to evade
threats. Design A has a significant disadvantage
in not having flares, which makes the platform
vulnerable during takeoff and landing.
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analysis as a standard framework for evaluation
involves educating the defense acquisition com-
munity in this approach. To begin, this will
require a commitment to work domain analysis
from the Department of Defence. Current indi-
cations of support from senior defense personnel
are encouraging. For example, the director gen-
eral of aerospace development has commented
that all acquisition projects should use work
domain analysis. In addition, the deputy secre-
tary of the Department of Defence has said that
work domain analysis should be introduced into
the acquisition cycle at stages much earlier than
evaluation.

CONCLUSION

In this paper, we have shown that work
domain analysis provides a useful and feasible
approach for evaluating designs for complex
systems. This framework focuses evaluation on
how well the purpose-related functions, priori-
ties and values, and functional purposes of a
system are satisfied, given a particular technical
solution. The interactions between all physical
devices, including both human and machine
performance outcomes, can be considered
within this framework. Moreover, work do-
main analysis promotes an understanding of
how designs will perform in a wide variety of
situations, including unanticipated conditions.
Work domain analysis therefore complements
standard systems engineering approaches to
evaluation in accommodating the special char-
acteristics of complex systems (Table 3).

Work domain analysis also promotes a new
role for human factors professionals in system
design and development. This role involves
working alongside systems engineers to define
the total working concept for a new system
(Table 3). This working concept will offer tech-
nical, operational, and functional perspectives
into the new system. As the functional perspec-
tive defined by work domain analysis is tailored
for integrating both human and machine per-
formance characteristics, human factors advice
will be more readily incorporated into design
than in the past. More generally, work domain
analysis creates a central role for human factors
experts in system design and development. This
too may encourage human factors to be taken
more seriously than it has before.

We recognize that it may be difficult for
human factors experts to convince entire organi-
zations with well-established policies and prac-
tices to adopt novel techniques such as work
domain analysis. Opportunities may arise within
projects, however, for human factors experts to
use work domain analysis to conduct a compre-
hensive evaluation of human engineering. Such
bottom-up applications will help to demonstrate
the power of work domain analysis to top-level
managers and decision makers. In addition, this
paper may be useful as a case study for illustrat-
ing the benefits of work domain analysis.

We also acknowledge that we have not yet
proven that work domain analysis will lead to
better designs for complex systems. However,
it is difficult to test this empirically without
requiring excessive resources. In addition, when

TABLE 3: Summary of How Work Domain Analysis and Systems Engineering Techniques Provide

Complementary Perspectives for Evaluating Designs

Technical and Operational Evaluation
(Systems Engineering Approach)

Work Domain Analysis
(Human-System Integration Approach)

Evaluation focuses on the interactions between  Evaluation focuses on individual components

physical components

Work requirements for evaluation defined by opera-
tional scenarios (sequences of tasks and events)

Work requirements for evaluation defined by
functional boundaries (functions, priorities and
values, purposes)

Evaluation is event independent and accommodates Evaluation is event dependent and focuses on a
a wide range of events small range of probable events

Human factors helps define system concept Human factors supports systems engineering concept
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work domain analysis is used on a project, such
as AEW&C, it is difficult to isolate the contri-
bution of this approach from other techniques.
For these reasons, techniques for system design
that are used in industry are rarely evaluated in
a formal way (Czaja, 1997). Rather, the criteria
that are typically used include the ability to
influence practice and usefulness (Vicente, 1999;
Whitefield et al., 1991). This paper shows that
work domain analysis fulfilled these criteria in
the case of AEW&C. The adoption of work
domain analysis by others will provide further
tests of this technique against these criteria.
Finally, although we have focused on using
work domain analysis for evaluating designs, this
approach is also useful much earlier in the sys-
tem life cycle for defining functional require-
ments and specifications (Leveson, 2000; Naikar
& Sanderson, 1999), Work domain analysis can
also be used throughout system development —
for example, for defining training needs, design-
ing team work, and for operational test and eval-
uation (Naikar, Drumm, Pearce, & Sanderson,
2000; Naikar et al., in press; Naikar & Sander-
son, 1999; Sanderson et al., 1999). Hence, al-
though work domain analysis is initially resource
intensive, it can be used repeatedly, in many
powerful ways, throughout the life of a system.
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