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The predominance of team decision-making and performance assessment litera-
ture has defined team measures as highly abstract concepts (e.g., team leadership,
competence, innovation, empowerment). Likewise, a clear taxonomy for defining
team tasks has remained elusive. Thus, this paper presents a framework by which
to classify team tasks based on two basic premises: (1) a team task can be broken
down into quantifiable components; and, (2) team performance can be used to
evaluate a task’s complexity relative to another task. This framework relies on the
ability to objectively measure individual team member subtasks relative to a
team objective that is composed of several windows of opportunity that must
be achieved by individual members to achieve good team performance. This
proposed theoretical framework takes a simulation-based approach by which
to evaluate team tasks and performance. The approach is driven by the need
to understand team tasks and their relative performance in military, government,
and commercial applications.
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1. Introduction

On the morning of February 14 1982, the 84-member crew of the drill rig Ocean
Ranger began to prepare for the coming storm in the North Atlantic (based on the
account of the incident by Chiles (2001)). Although the rig floated much like a
pontoon boat and supported a massive infrastructure weighing up to 14,000 tons,
the crew members were sheltered in their quarters and confident that the rig would
be able to withstand the 55 ft waves. In fact, the rig was built to survive hurricane
weather of 110 ft waves. At approximately 8 pm, however, ocean waves break a small
portlight window to the ballast control room located near sea level and doused the
electronics with seawater. Because seawater is a conductor, the shorted circuits in the
room began to cause ballast tanks to flood and empty by themselves. After a few
minutes, the activities in the ballast tanks began to cause the rig to list beyond the
prescribed limits. About an hour later, the rig’s electrician cut off the power to
the control room, thereby closing all tank valves and preventing further flooding.
While the rig appeared to stabilize, it was still below its ‘survival draft’ to better
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survive storm waves. The ballast-control operator then made the fatal decision to
turn on the power and attempt to raise the rig to above survival draft. Unaware of
the impact of continuing electrical shorts on the state of the ballast tanks and
unfamiliar with the emergency operations procedures, the operator was unable to
right the ship. The rig eventually listed to such a degree that water began pouring
into the rig through external storage compartments. At around 3 am, the Ocean
Ranger disappeared from view. There were no survivors.

On the morning of May 17 1987, an Iraqi fighter jet approached within
25 nautical miles of the frigate U.S.S. Stark. The fighter used its Cyrano IV radar
to target the frigate, fired two Exocet missiles, and returned to an Iraqi airbase.
Personnel onboard the Stark had been tracking the fighter for over an hour and,
upon detection of the Cyrano IV emission, issued warnings to the fighter. Because
the U.S. was not at war with Iraq, there was no reason for the crew to suspect an
attack. Nevertheless, four minutes later, both Exocets struck the Stark, killing 37 of
the 221 crew onboard. No defensive weapons were ever deployed by the Stark.

The two events are provided to illustrate differences that exist between teams
in contrasting task environments. There is little debate that it is not possible to
reproduce the situation faced by either crew in a laboratory setting. Nevertheless,
in an effort to characterize teams in operational contexts, the predominance of team
decision-making and performance assessment literature has defined team measures
as highly abstract concepts. Terms such as team leadership, competence, innovation,
and empowerment are replete in team literature (Brannick et al. 1997, Smith-Jentsch
et al. 1998). While these terms are intuitively appealing (e.g., successful teams are
empowered), they are often without specified mathematical meanings and, therefore,
without quantifiable relationships to other team constructs. Characterizations that
most successful teams are well-led, innovative, competent, and empowered are help-
ful criteria for expert practitioners who have their own sense of what these terms
mean. However, they are less useful when applied toward the design of training
systems for future team technologies. In contrast, we propose a quantitative
synthetic architecture to objectively assess team performance in a dynamic decision
making environment.

1.1 Background

Most complex decisions involve many data, human, and technological sources
collaborating to support decision makers. However, when responsibility for task
accomplishment moves from the province of one person to a multitude of natural
and artificial intelligences, the system changes quantitatively and qualitatively.
Quantitatively, the system is more complex and dynamic. This complexity increases
further as the constituent intelligences are separated in time. Qualitatively, the
system exhibits properties that were not evident when a lone individual is working
on a set of tasks.

Thus, the tools and methodologies that have been developed to understand
the work of the sole individual do not necessarily accommodate the interaction of
multiple members. Much work has been done to attempt to understand the team
environment in the form of cognitive engineering, computer cooperative supported
work, and groupware. Much of the work in this area focuses on teams that
create a common artifact where debate and negotiation are often not constrained
by time. While this research has provided some insight into how teams operate, in
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many cases it has been inconclusive on elements that impact team performance
(e.g., table 1).

In contrast, supervisory control teams engage in a much more dynamic and
event driven situation where negotiation and debate are not generally feasible.
These environments, instead, require the timely coordination of activities (Jasek
and Jones 2001). In fact, much has been done in the attempt to develop team
performance measures (cf. Fleishman and Zaccaro 1992, Cannon-Bowers and
Salas 1997a, b, Cannon-Bowers and Salas 1998). The bulk of this work has focused
on existing man–machine systems where automation, interfaces, and configuration
(to name a few factors) were seen as fixed constraints.

2. Premise for quantifying team performance

The predominance of team decision-making and performance assessment literature
has defined team measures as highly abstract concepts (e.g., team leadership, com-
petence, innovation, empowerment) (Brannick et al. 1997, Smith-Jentsch et al. 1998).
While these concepts are not without merit, most practitioners and non-practitioners
alike are likely to maintain their own unique definition of what exactly these terms
mean in implementation. As a result, they are of less utility when informing the
design of training systems for future team technologies.

Likewise, we submit that the reason that researchers find different outcomes for
similar tasks is largely based on their definition of the task. One researcher may call
his task complex. Similarly, another researcher may call her task complex. Yet the
very nature by which they define complexity is different. Thus, the field of team
performance assessment is inhibited by the ability to compare scientific studies.
One may contend that theories can only be assessed when a field has common
agreeable measurement methods. Thus, the development of new team theories is
inhibited by the ability to classify team tasks.

To begin to answer the question of what constitutes team task complexity as
well as to provide researchers and trainers with information they can use to create
improved man-machine interfaces, we propose that team research must undertake
a systematic approach. Not only must we understand how the human collaborates—
whether with another human or machine—we must also be able to characterize
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Table 1. Inconclusive team research.

Time to complete task
Distributed took longer No difference
(Weeks and Chapanis 1976, Hiltz et al. 1986) (Bul and Slvasankaran 1990)

Satisfaction
Distributed less satisfied No difference
(Gallupe et al. 1988) (Bul and Slvasankaran 1990)

Alternatives
Distributed—more alternatives No difference
(Lewis 1982, Dennis et al. 1990) (Hammond 1998)

Consensus
Distributed—less agreement No difference
(Hiltz et al. 1986, Williams 1977) (Watson et al. 1988)



how a particular implementation to support collaboration (e.g., technology or pro-
cess) impacts the team collaborative performance. We propose a framework for
decision-making assessment based on findings in simulation-based experimentation.

The use of simulations in the study of complex decision making behavior and
team interactions has yielded success in recent years (Bondanella et al. 1999, Handley
et al. 1999, Sauer et al. 2000). However, this success is tempered by the need for
situation-specific modeling (Pew and Mavor 1998). Specifically, this paper proposes
a rich synthetic task environment (STE) that allows for a diverse range of empirical
investigations into current and emerging man-machine systems and would provide
a means for classifying team tasks along a common yardstick.

The approach we will discuss is driven by the need to understand team per-
formance in military, government, and commercial applications. We believe this
research will have fundamental impacts in areas such as air traffic control, emergency
operations, and nuclear plant operations.

While our paper is predicated on the need to classify team tasks, our STE
environment would allow researchers and practitioners to answer questions such as:

. How can we accomplish a given task with less people?

. What skills are needed to accomplish the task?

. How should the work task be organized to facilitate collaboration between
operators?

. What training will result in the greatest team performance?

. Does changing the technology impact individual/team performance?

2.1 Definition of task environments

Our starting point is the concept of team task complexity proposed by Harvey
(1997, 2001). The concept is a synthesis of existing literature (Daft and Macintosh
1981, Wood 1986, Campbell 1988, Campbell 1991, Byström and Järvelin 1995) and
defines complexity along three primary characteristics: scope, structurability, and
uncertainty. Since the metric forms the foundation by which teams collaborate,
the quantification of tasks is essential to allow researchers to compare experimental
results. Table 2 shows the team characteristics along the dimensions proposed by
Harvey (1997, 2001).

The task scope is the breadth, extent, range, reach, or general size of a task.
The scope is a function of the sub-tasks, outcome(s), information processed, and
the outcome characteristics and their conflicting objectives. Each task can be decom-
posed into sub-tasks. A sub-task has identifiable behaviors or steps with an iden-
tifiable purpose or direction. Outcomes are entities that result from activities of
the collaborative individuals and are independent of the behaviors used to produce
them. For each outcome, there exists a set of characteristics by which its success is
measured. Outcome characteristics include the attribute, aspect, property, quality, or
trait. Characteristics may conflict with each other and thus increase the complexity
of the task. For example, altitude and accuracy may conflict with each other in an
aerial intelligence seeking information task. The last element that defines the task
scope is information. Information is the amount of required knowledge in the
accomplishment of the task.

With this basic understanding of a task and its scope, the other two dimensions
can be explained. Task structurability represents how well-defined the sequence and

160 L. Rothrock et al.



relationships between subtasks are, and are determined by the elements analyzabil-
ity, alternatives, and coordination. Analyzability reflects the degree of consistency
between sub-tasks and their outcomes. If characteristics reflected by an outcome can
be reached in more ways than one, the number of paths to reach it is summed as task
alternatives. Moreover, if task accomplishment is contingent on coordination among
sub-tasks, the number of relationships required is counted as task coordination.

The task uncertainty dimension measures complexity based on the degree of
predictability or confidence associated with a task. Internal confidence indicates
the degree of certainty or predictability of the structure established among tasks,
alternatives, sub-tasks, and characteristics. External events include changes in the set
of required product characteristics that are imposed by higher echelons of command.
It is worth noting that random events have been included since these chance events
can ultimately affect a task’s complexity.

Using our task characteristics, we suggest that a three-dimensional team complex-
ity space (see figure 1) exists where vastly different team environments can be placed.

We will return to our proposed utilization of the team complexity space shortly.
For now, we turn our focus to the development of a team task performance meas-
urement system based on a temporal extension of signal detection theory known as
time windows.

2.2 Definition of individual and team task performance

A prerequisite for designers of complex systems is a proper understanding of
operator performance characteristics. While human factors texts provide some
insights into basic performance issues, the emergence of highly automated com-
puting systems have fundamentally altered the way humans work. Our approach
to quantify and analyze human performance within a complex, time-critical system
is centered on a measurement construct, called a time window, which enables
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Table 2. Team characteristics.

Characteristic Metric

Scope
Sub-tasks Number of sub-tasks available
Outcomes Number of possible outcomes
Outcome Characteristics Number of ways success is measured
Characteristic Conflicts Number of competing objectives
Information Number of variables required to provide the necessary

information to generate outcomes

Structurability
Analyzability Number of sub-tasks with imperfect mappings to outcomes
Alternatives Number of paths available to reach desired outcome

characteristics
Coordination Number of required relationships among sub-tasks

Uncertainty
Internal confidence Number of imperfect mappings among task alternatives,

sub-tasks, and characteristics
External constraints Number of real-time changes in the set of required outcome

characteristics
Random events Expectation of number of chance occurrences or irregular

events during course of a task



a functional relationship between constraints on team activities and time availability
(Rothrock 2001).

To illustrate time windows, consider the following example: an air traffic control
(ATC) center monitors aircraft entering and leaving the airspace of country X
(figure 2). Assume that the center is responsible for the identification of all unknown
aircraft entering the airspace, establishing radio contact with all aircraft that come
within radio range, and providing emergency assistance services to aircraft in
distress. A private civilian aircraft, traveling along the trajectory indicated by the
direction vector, enters country X’s airspace at point A, enters range to establish
radio contact at point B, reports a medical emergency onboard the aircraft and
leaves radio range at point C, and leaves country X’s airspace at point D.

Consider an ATC center that consists of two people—a supervisor and a radio
operator. Assume that the supervisor has been given specific instructions to electro-
nically mark the identity of all unknown aircraft entering the airspace. To assist
the supervisor, the radio operator uses the one radio to make contact with aircraft
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Figure 2. Air Traffic Control example. An aircraft enters country X’s airspace at Point A,
enters range to establish radio contact at Point B, leaves radio range at Point C, and leaves
country X’s airspace at Point D.
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Figure 1. Task Complexity Space.



within range. Both people are responsible for reporting emergencies to the local
emergency services dispatcher via a shared telephone.

We define a time window as a construct that specifies a functional relationship
between a required situation and a time interval that specifies availability for action.
A time window does not specify what action must be taken, but only that there exists
an action that will result in the required situation. Moreover, in a team context, we
assume there exists shared time windows among all combinations of team members.
For example, in the ATC center introduced earlier, there are three types of
windows—one for the supervisor (to identify aircraft), one for the radio operator
(to establish radio contact with aircraft), and one shared between the team members
(to report emergencies to the dispatcher). Mathematically, we define the number of
potential time windows as

Pm
r¼1 m!=ðr!ðm� rÞ!Þ for a team with m members. That is,

there are potentially shared windows among all possible team sub-groups. We there-
fore expand the notion of time window presented in Rothrock (2001) to account for
a team context so that for m team members, there exists wi, j time windows for i ¼ 1
to

Pm
r¼1 m!=ðr!ðm� rÞ!Þ and j ¼ 1 to ni where ni is the number of windows within

each window type.
At the onset of team interaction, all time windows are designated as inactive

and represented by the set U0. Until a time window is designated as open, it remains
inactive. Time windows are designated as open if the availability for action exists for
a required situation at the current point in time space. The set of open time windows
at time t is designated as Ot. When a required situation no longer exists, the corre-
sponding time window is designated as closed. The set of closed time windows at
time t is denoted as Ct. The membership of U, O, and C is defined to be persistent
over time (i.e., Utþ 1¼Ut, Otþ 1¼Ot, and Ctþ 1¼Ct ) unless designated otherwise.
Conditions specifying the opening and closing of time windows are dependent on
physical laws of nature as well as rules and regulations of the task domain.

To complete our construct in a temporal context, one must define operator action
and the relationship between action and time window. An operator action is defined
here as a two-tuple that includes an act performed by the operator at a specific point
in time. In the course of operator interaction within a dynamic task environment,
n actions are denoted as bh for h¼ 1 to n. The relationship between action and
time window can be described by two Boolean indicator functions, I lw, such that,
for l¼ 1, the function evaluates whether an action meets the required situation
specified by a time window, and for l¼ 2, the function evaluates the relevance of
an action toward a time window.
Thus,

I1wðbÞ ¼
1 if b meets situation specified in w

0 if b does not meet situation

� �
, and

I2wðbÞ ¼
1 if b is relevant toward w

0 if b is not relevant toward w

� �

We construct six predicates,Mk
T ðw, bhÞ for k¼ 1 to 6, to characterize fundamental

relationships between time windows and operators actions over a time interval T.
In particular, the truth value, kMk

ðw, bjÞkTþ,T�, of each predicate is evaluated for
a time interval that starts when team interaction in the task begins (Tþ) and ends
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when team interaction ceases (T�). Given that bh occurs at time t, equations to
evaluate the first five predicates are listed as follows:

. An on-time action that results in a required situation, M1
T ðwi, j, bhÞ, is

defined as:

kM1
ðwi, j, bhÞkTþ,T� ¼ 1 iff 9 i, j such that ½I1wi, j

ðbhÞ ¼ 1� ^ ðwi, j 2 OtÞ; ð1Þ

. An early action that results in a required situation, M2
Tðwi, j, bhÞ, is defined as:

kM2
ðwi, j, bhÞkTþ,T� ¼ 1 iff 9 i, j such that ½I1wi, j

ðbhÞ ¼ 1� ^ ðwi, j 2 UtÞ; ð2Þ

. A late action that results in a required situation, M3
T ðwi, j, bhÞ, is defined as:

kM3
ðwi, j, bhÞkTþ,T� ¼ 1 iff 9 i, j such that ½I1wi, j

ðbhÞ ¼ 1� ^ ðwi, j 2 CtÞ; ð3Þ

. An action that is relevant toward a required situation, but does not result in it,
M4

Tðwi, j, bhÞ, is defined as:

kM4
ðwi, j, bhÞkTþ,T� ¼ 1 iff 9 i, j such that ½I1wi, j

ðbhÞ ¼ 0� ^ ½I2wi, j
ðbhÞ ¼ 1�; ð4Þ

. An action with no corresponding time window, M5
TðbhÞ, is defined as:

kM5
ðbhÞkTþ,T� ¼ 1 iff 8 i, j, ðI2wi, j

ðbhÞ ¼ 0Þ: ð5Þ

Because the sixth predicate is based on a time window instead of action, the equation
to evaluate it is defined separately as follows:

. A time window, wi, j, that has been missed, M6
Tðwi, jÞ, is defined as:

kM6
ðwi, jÞkTþ,T� ¼ 1 iff 8 j, ðI2wi, j

ðbhÞ ¼ 0Þ: ð6Þ

Because of their reliance on temporal logic, equations (1–6) offer a framework
that can now be utilized as a dependency relation between an action and a required
situation that is also bound by time. Time windows represent a belief system of
required situations that are time and environment-based. Therefore, a truth main-
tenance system (TMS) (Doyle 1979) is needed to maintain time windows throughout
the timeframe of team interaction. Instead of presenting the details of the truth
maintenance system implementations, this paper focuses on the time windows frame-
work and outcomes. For examples of TMS use in human–machine interaction
research, see Rothrock (2001) and Furuta and Kondo (1993).

The utility of a time window is not only in its temporal and functional descrip-
tions, but also in the richness of the possible outcomes. Some time window outcomes
have already been described. The complete space of possible time window outcomes
(see figure 3) is represented by the fundamental relationships between time windows
and operator actions outlined in equations 1–6. In itself, the existence of a required
situation does not impact team performance. It is the presence of operator action in
a temporal context that specifies whether performance is good or poor. An incorrect
action is represented as equation (4). A correct action, on the other hand, can
be further characterized as early (equation (2)), on-time (equation (1)), or late
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(equation (3)). An action with no corresponding required situation is categorized as
equation (5). A non-action for an existing situation requirement is characterized as a
miss and is represented as equation (6).

Revisiting the ATC center example, the event flow of operator actions and air-
craft movements is reflected in the sequence diagram shown in figure 4. A sequence
diagram (Booch et al. 1999) is a dynamic representation of a system which focuses on
event-driven state changes. Objects that effect or accept change in the ATC example
include the aircraft, the truth maintenance system (TMS), the supervisor, and the
radio operator. Each action event originates from an object and is passed to one
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Figure 3. Possible time window outcomes. The environment is delineated in terms of situa-
tion required (time window exists) or no situation is required (time window does not exist).
Equations (1–4) represent actions that are relevant to a time window. Equations (1–3)
represent actions that result in the required situation (correct actions). Equation (4) repre-
sents actions that do not meet the required situation (incorrect actions) even though they
are relevant.
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Figure 4. Sequence diagram of ATC scenario.



or more objects in the system. The flow of time is indicated as the relative ordinate
position of the event. A chronologically-ordered narration on the sequence of events
follows:

1. The flight of the unknown aircraft along the southeasterly trajectory is
accomplished by the iterative call of the modifyPosition() method.

2. The first supervisor action, b1, of incorrectly identifying the aircraft (as a
military aircraft) is posted to the TMS. However, this is an incorrect identi-
fication action that has been taken early. The window with a required situa-
tion that matches the identification action is the first identification window,
wid,1, so that the predicate satisfied is kM4

ðwid, 1, b1ÞTþ,T�k.
3. When the TMS detects the aircraft entering the airspace of country X, the

identification window, wid,1, is designated open.
4. The second supervisor action, b2, correctly identifies the aircraft (as a civilian

aircraft) and is posted to the TMS. Since the action is correct and on-time,
the predicate satisfied is kM1

ðwid, 1, b2ÞTþ,T�k.
5. When the control detects the aircraft entering radio range, the radio contact

window, wradio,1, is designated open.
6. The first radio operator action, b3, is to contact the aircraft after it comes

within range. This action is correct and on-time. Therefore, the predicate
satisfied is kM1

ðwradio, 1, b3ÞTþ,T�k.
7. After radio contact is established, the aircraft broadcasts an emergency

distress message, which opens the window to report the emergency to the
dispatcher, wems, 1. Unlike the identification window and the radio contact
windows, which are designated for individual members, this window is
shared by the team. Therefore, either the supervisor or the radio operator
can take the action.

8. When the TMS detects that the aircraft is no longer within radio range,
wradio, 1 is closed.

9. Before the aircraft leaves Country X, the radio operator contacts the dis-
patcher to report the emergency. This action, b4, is taken correctly before the
window closes, and satisfies kM1

ðwems, 1, b4ÞTþ,T�k.
10. When the TMS detects the aircraft leaving country X’s airspace, both wid,1

and wems, 1 are designated closed.

In our example, the team performed one early incorrect action and three on-time
correct actions. More importantly, the TMS dynamically determines opportunities
for action so that stated objectives of the ATC center can be met.

The normative course of scientific investigations is to narrow the scope of a real-
world task into laboratory tasks that are generalizable. The emphasis, therefore, is on
finding methods that analyze factors in isolation. However, Hammond (1986) notes
that research on dynamic and complex environments should take place in represen-
tative settings because findings from simple laboratory forced-choice tasks can-
not readily be transferred to operational environments. Recognizing the problem,
researchers have sought to develop techniques to measure performance in individual
user tasks that are more representative of the operational environment (Sanderson
1993, Howie and Vicente 1998, Raby and Wickens 1994, Laudeman and
Palmer 1995).

Even with a focus on the environment, however, the majority of team meas-
urement efforts remain guided strictly by operator actions, and do not adequately
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consider the environment in which the task is situated (Cannon-Bowers and Salas
1997b, 1998). The time window construct represents a fundamental shift from exist-
ing performance measurement approaches. It provides a computational framework
to dynamically evaluate heterogeneous situation demands and the abilities of the
team members to meet them in a complex domain.

2.3 Establishing team profiles in team complexity space using time windows

We propose that, by combining the framework to specify task complexity in the team
complexity space with the use of time windows, profiles of the way teams interact
given different task environments can be established. In order to establish these
profiles, we must first determine the feasibility of regions of the team task complexity
space to enable implementation of performance measurement systems. Specifically,
at each point in the team complexity space, there exists a task structure that specifies:

. the realizability of human-in-the-loop simulations;

. the constructability of time window measures;

. and the implementability of interaction measures.

Therefore, we do not presume that all team tasks can be fully simulated and
measured—the incident with drill rig Ocean Ranger is a prime example. Nevertheless,
we submit that there are regions in the complexity space that do support simulation
and measurement. Moreover, by sampling the space with different tasks (e.g.,
figure 5), we suggest that one can build different team performance profiles that
characterize individual and team responses as well as team interaction.

2.4 Comparing complexity space profiles

Consider the ATC task characteristics presented in table 3. The ATC example
provides one data point in the complexity space. The task is quite simple,
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in comparison to both the Ocean Ranger or Stark incidents. There are few sub-tasks
(4), few possible outcomes for each aircraft (3), no competing objectives, no imper-
fect mappings to task outcomes, and low uncertainty.

The Task Complexity Space (figures 1 and 5) contains an origin and implies
a ratio scale. However, comparisons between profiles in the complexity space are
proposed along an ordinal scale initially. That is, while different tasks can be rank
ordered, the functional relationship along each dimension (e.g., additive, multipli-
cative) must be determined empirically. We submit that a ratio scale will eventually
be established. However, this endeavor will require a collaborative research enter-
prise that spans disciplines and universities to share and compare results along the
spectrum of the complexity space.

3. Discussion and conclusion

To evaluate the complexity space using the proposed theoretical framework, a
synthetic task environment is being developed to emulate dynamic team tasks.
While there does not exist a formal definition of a STE, there exists agreement
among researchers that synthetic task environments lie between simple lab tasks
and the outside world (Gray 2002). For our purposes, we define a STE as a
human-in-the-loop simulation-based environment used to assess team performance
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Table 3. Team characteristics for ATC example.

Characteristic ATC Example Values

Scope
Sub-tasks 1. identify all aircraft entering airspace

2. establish radio contact
3. determine if aircraft is in distress
4. provide emergency assistance service

Outcomes 1. aircraft identity type
2. radio contact established
3. emergency assistance provided (for each aircraft)

Outcome characteristics 1. compare true aircraft identity
2. success to establish radio contact
3. success to provide emergency assistance

Characteristic Conflicts No competing objectives

Information 1. radar contact data
2. radio transmissions from aircraft

Structurability
Analyzability No sub-tasks with imperfect mappings to outcomes
Alternatives Multiple paths available to reach desirable outcome

Coordination 1. identification is dependent on the proximity
(radar contact data) of the aircraft

2. the need for emergency assistance is dependent on
first establishing radio contact

Uncertainty
Internal confidence No imperfect mappings
External constraints No real-time changes in the set of required outcomes
Random events No expectation of change events during the course of

task execution.



as it pertains to function allocation, human interface design, and selection of deci-
sion support methods. A configurable STE architecture will enable researchers and
trainers to systematically assess the efficacy of interfaces and work processes in
support of enhanced individual and team performance. Such an approach to the
development and implementation of a configurable STE is predicated on the belief
that distributed task environments should be subject to systematic and objective
processes analogous to those used in systems engineering.

The proposed methodology to assess team performance represents a departure
from current research norms. It relies upon the use of time windows in an STE to
populate points within a task complexity space. This comprehensive architecture
will allow one to evaluate many different dimensions upon which team performance
can vary (e.g., team roles, communication methods). This architecture incorporates
the objective team performance measures discussed previously (e.g., evaluation of
time-critical team interactions–team time windows). Such an architecture will not
only allow researchers to understand team interaction at any one point in the task
space, but more importantly allow one to investigate the changes in team interaction
that corresponds to moving away from the origin of the complexity space.
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