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Abstract

We describe a GOMS model of a ship-board Radar Operator’s
behavior while monitoring air and sea traffic. GOMS is a tech-
nique that has been successfully used in Human-Computer
Interaction to generate engineering models of human perfor-
mance. Based on the GOMS model developed, we identified
those portions of the task where an intelligent agent would be
most able to assist operators in the performance of their duties,
and the nature of the knowledge that will be required for the
task. We present the results of a simulated execution of the
model in a sample scenario, which predicted the operator’s
responses with a high degree of accuracy.

Keywords: GOMS, intelligent agent, task model, human-com-
puter interaction

Introduction
Our goal is to determine the domain knowledge required to
implement an intelligent agent which assists a human user in
performing a computer-based task. A central characteristic
of intelligent behavior is that it is purposeful, i.e., the agent is
executing a task in order to achieve a goal. Consequently, to
help a user accomplish a goal, an intelligent agent must have
knowledge about that goal. GOMS is a technique that has
been used in the study of human-computer interaction to
model user knowledge and behavior at various levels of
description. We investigate here how GOMS models may be
used by intelligent agents as a means of understanding the
actions of other agents and users so that it may interact and
cooperate with them in a consistent and reasonable manner.

A GOMS model consists of a set of Goals, Operators,
Methods, and Selection rules necessary to accomplish a par-
titular task. A hierarchy of goals is created, and within that
hierarchy a set of methods provide a functional description
of a task. Selection rules distinguish between various opera-
tional cases and account for the idiosyncracies of individual
users. Operators provide a low level description of the
actions finally performed. Thus, GOMS provides a uniform
structure for representing the intentional, functional, and
implementational levels of behavior. A GOMS model of a
particular task might be used by an intelligent agent to
understand the task at hand and the current state within that
task. Acting alone, the agent can use the model to decide the
next action; acting as an assistant, the agent can use the
model to understand what other agents or the user are doing,
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i.e. what their beliefs and priorities are, and tailor its
actions and recommendations appropriately. Similarly, a
GOMS model can be used for plan recognition in a multi-
agent domain, to reason about what should be communi-
cated, and to determine in what context the dialogue is tak-
ing place.

In this paper we describe a GOMS model of Radar
Operators monitoring air and sea traffic on board a ship.
The Radar Operator’s task has a large amount of routine
content, even when things get busy. It can be high in time
pressure or low, depending on the situation, and the opera-
tor must constantly deal with a great deal of information.
The arrival of new information often results in the creation
of new goals or a reprioritization of existing goals, there-
fore, the system must be highly reactive. However, ratio-
nal, consistent behavior also demands that a course of
action, once chosen, should be pursued until its goal is met
or a goal of higher priority is generated.

The task is very interactive, between the operator and
other members of the crew, as well as between the opera-
tor and the radar screen itself. The work presented here
uses a methodology that was originally developed to
address routine expert behavior on non-interactive tasks;
recent work has indicated that this methodology yields
excellent results when applied to interactive tasks as well
(John, Vera and Newell, 1994; Gray, John and Atwood,
1993; Endestad and Meyer, 1993). This report presents 
model of the Radar Operator’s knowledge and behavior.

A Model of a Radar Operator
We have created a model of the radar operation task by
decomposing the Radar Operator’s actions into Goals,
Operators, Methods, and Selection rules (GOMS) as first
proposed by Card, Moran, and Newell (1982). A GOMS
model begins with the concept of a top-level goal which
the user seeks to achieve, and a series of unit tasks that the
user performs repeatedly until there are no tasks left. The
classic example is that of a typist using a word-processor
to make corrections that have been marked on a printed
copy of a manuscript; the top-level goal is to edit the on-
line version of the manuscript, and the unit task is simply
to make the next correction (Card, Moran, and Newell
1982).
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We have written the GOMS model using NGOMSL, or
Natural GOMS Language, (Kieras, 1988; 1994). It takes the
basic precepts of GOMS and defines a programming lan-
guage based on those ideas, allowing creation of a model
where flow of control is clearly specified and which in prin-
ciple could be run on a computer; indeed, a compiler is cur-
rently being written for that purpose. The process of fully
specifying the Radar Operator’s decisions and actions
guided us to create a model that is complete and accurate to
the level of detail in which it is specified, and aided us in the
task of knowledge acquisition as well; it also pointed out
those places where there were gaps or inconsistencies in our
knowledge of the domain.

Structure of the Model

One of the first and most basic decisions that had to be made
was how to define the unit task for the Radar Operator; the
organization of the top-level goal and the unit task would
affect the entire structure of our GOMS model. In the case of
text editing, the structure was easily defined by making each
marked correction a unit task. The analogous decomposition
in our domain would be to define the unit task as tracking
each object on the radar screen. However, one obvious rea-
son that such a scheme could neither model the Radar Oper-
ator’s behavior accurately nor provide a reasonable
framework for defining a system is that the task of tracking
an object has no well-defined end; the task might never be
completed and all other radar contacts would be ignored as a
result. In addition, the Radar Operators must also receive and
respond to orders which may arrive at any time, so they must
be incorporated into the definition of a unit task as well.

In search of a better definition of the unit task, we turned
to the training manual used by the Radar Operators (Opera-
tions Specialist Training Manual), where we found this state-
ment: "Information handling comprises five major functions
- gathering, processing, displaying, evaluating, and dissemi-
nating information and orders." We attempted to use these
five functions for our unit task structure, but our efforts were
complicated by another emergent task structure; as we exam-
ined a sample Radar Operator scenario, it became apparent
that the Radar Operator went through various stages of iden-
tification for each new contact: establishing tentative track,
air or surface, commercial or military, friendly or hostile, etc.
The challenge was to create a goal structure that persisted in
the incremental acquisition of knowledge about a given
tracked object while still providing reactiveness to new
information and situations and as they developed. The man-
ual continues, "All information handling must be considered
a continuous and growing process that ultimately furnishes a
composite picture of a situation, enabling the commanding
officer to make a final evaluation and give orders for action."

The solution we ultimately decided upon was to select a
contact, determine which stage of identification should be
performed next, and go through the steps of gathering, pro-
cessing, displaying, evaluating, and disseminating informa-

tion on this fine grained unit task. Once done with a
particular stage of the identification process on a particular
contact, the model returns to the top-level, where new
orders may be received and acted upon or a task that has
become more urgent may be selected for execution. As in
John and Vera (1992), a relatively shallow goal stack and
carefully designed set of selection rules was used to make
model reactive to external changes.The resulting goal and
method hierarchy for the intentional and functional levels
of the task is shown in Figure 1.

Contents of the Model

As can be seen in Figure 1, there are three sets of selection
rules in our GOMS model. These correspond to points in
the execution of a unit task where a decision must be made
as to how to proceed because there are multiple methods to
accomplish a goal. The first selection rule, Select Next
Task, simply chooses the Execute Order method if a new
order has been received, otherwise the method for Monitor
Radar Contacts is selected. If an order is to be executed,
Execute Ordered Task selects the method that is appropri-
ate for carrying out that order. If no order has been
received, then the Execute Unit Task selection rule must
decide, for a given contact, which is the appropriate sub-
task; this depends on what information has already been
gathered about that contact, which is reflected by the cur-
rent label assigned to it. The corresponding selection rule,
written in NGOMSL, is as follows:

Selection rule set for ~oal: Execute Unit Task

If <contact-label> is New and contact is under local
control, then accomplish goal: Establish Tentative
Track.

If <contact-label> is Tentative Track and contact is un-
der local control, then accomplish goal: Establish
Air or Surface.

If <contact-label> is Unknown and contact is under lo-
cal control, then accomplish goal: Establish Friend
or Foe.

If <contact-label> is not Tentative Track or Unknown
and contact is under local control, then accomplish
goal: Update Contact Information.

If contact is not under local control, then accomplish
goal: Update Contact Information.

Return with goal accomplished.

This selection rule uses perceptual information that is
available to the Radar Operator, in order to choose the
appropriate method. This is true of the other two sets of
selection rules as well. Very little beyond the ability to
understand symbols and orders is encapsulated in the
selection rules. The Radar Operator’s knowledge is con-
tained in the methods of the model.
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Within the GOMS model of a Radar Operator, the goal
hierarchy captures the structure of the decision-making pro-
cess involved; its topology reflects knowledge of the nature
of the task and the control knowledge needed to carry it out.
The detailed knowledge which makes these decisions and
the achievement of goals possible is embedded in the meth-
ods of the model. For example, the Establish Air or Surface
method describes the steps that are taken to achieve that
goal, including the specific steps the Radar Operator must
take to make the determination:

Method for ~oal: Estahllrh Air or Surface

Step 1. Accomplish goal: Gather and Process Movement
Information.

Step 2. Decide: If contact is not a track, then remove ten-
tative track and return with goal accomplished.

Step 3. Decide: If contact type is determined to be Air,
then Accomplish goal of: Display Contact Information
Unknown Air.

If contact type is determined to be Surface, then Accom-
plish goal of: Display.Contact Information Unknown
Surface.

If contact type is not determined, then return with goal
accomplished.

Step 4. Accomplish goal: Evaluate and Disseminate
Information.

Step 5. Return with goal accomplished.

The implementational (or keystroke) level is created by
further decomposing the structure of the task into primi-
tive operators, such as reading text, pointing and clicking
the mouse, etc. For example, the first step in the Establish
Air or Surface method is to invoke the subgoal Gather and
Process Movement Information, implemented by the fol-
lowing method whose steps consist of operators that are
not analyzed further:

Method for ~oal: Gather and Process Movement
Information

Step 1. Decide: If contact is under local control, then
perform position correction.

Step 2. Read contact information.

Step 3. Decide: If CPA needs to be evaluated, then
compute contact CPA.

Step 4. Process contact information.

Step 5. Return with goal accomplished.
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Reactivity of the GOMS Model

When developing a model of a dynamic, real-world task, it is
of critical importance to capture and retain the qualities that
allow humans to perform the task as well as they do. One of
the key characteristics of human performance in this domain
is reactivity. The operators in the scenario are able to quickly
react to new contacts and respond to new orders. They can
stop whatever task they are doing, begin a new one, execute
it, and return to the original task. The GOMS model pre-
sented here must be able to reproduce this reactivity in a nat-
ural way that results in sequences of behaviors like those of
the operators in the scenario.

The GOMS model of the operator derives its reactivity
from the organization of its methods and selection rules. At
any given moment in the model’s behavior, the goal stack is
relatively shallow because there are very few chained meth-
ods that get called as a sequence. Reactivity is not achieved
by forcing the model to check for changes in the world (e.g.,
new orders or contacts) within each method, but instead by
returning to the top-level goal after completing a portion of
prioritized sub-tasks. The top-level method can then check
for changes in the world.

Avoiding long linked sequence of methods allows the
model to check for important changes in its environment in a
way that does not overload working memory nor unnecessar-
ily interrupt routine behaviors. The model was designed in
such a way as to simulate the operator’s sequence of contact-
identifying behaviors while remaining sensitive to changes
that affect its goal prioritization. It is thus able to combine
the routine collection of information about contacts, detect-
ing new targets, and executing orders in a cognitively plausi-
ble way.

Using Predictive Models for Agent
Assisted Decision-Making

Certain procedures require the operator to perform complex
heuristic judgments. Rather than attempting to fully auto-
mate such decision-making processes, an intelligent agent
could instead provide a great deal of assistance by presenting
the results of partially processed information to the operator.
In addition to providing information relevant to a decision at
the appropriate time, the agent may also be responsible for
determining when the operator is unaware of important
information. The agent may have an explicit model of the
task such as the one described here that can be used to deter-
mine what the operator’s current goal is. If the operator
diverges from the behavior predicted by the model, the agent
can map the new behavior onto the model. The agent can
then assess whether the operator’s divergent behavior is war-
ranted by the current situation. If it is not, the agent can rec-
ommend alternative courses of action that the operator
should follow. If the operator’s behavior is warranted by the
situation, then the agent can update its model or its parame-

ters so that the agent may continue assisting the operator
on the appropriate task. This scheme can be used in gen-
eral when deciding when it is appropriate to communicate
information between agents.

By creating a knowledge-level description of a task
(Newell, 1982), GOMS models provide the means to pre-
dict the user’s goals, beliefs, and priorities, and therefore
her actions. At any given point in the problem-solving pro-
cess, there exists the current goal stack; associated with
each goal is a method for achieving that goal, consisting of
a series of primitive perceptual, cognitive, and motor oper-
ators that are to be executed. For example, the operator
begins execution of the Operate Radar Station method,
where she perceives information such as new radar con-
tacts and orders; within the selection rule Select Next Task,
she must then choose which task will be performed next;
and in the Move to Target Contact method, she uses the
mouse to move to and click on the object of interest.

Those operators that are directly observable provide
cues for recognizing the mental state of the user; unob-
servable cognitive operators and the changes in belief that
they generate must be hypothesized. We make the assump-
tion that the user behaves in a rational manner, so that her
choice of action reflects a consistent set of beliefs, priori-
ties and decision-making criteria; this corresponds to the
agency hypothesis of Brafman and Tennenholtz (in press).

Goals, Priorities, and Beliefs

To work cooperatively with another agent or user, an auto-
mated agent must be aware of what goals the other agent is
trying to achieve, and where it is in the process of achiev-
ing them. Furthermore, the efficacy of interagent coopera-
tion and communication is greatly enhanced by an
understanding of the other’s current priorities and beliefs.

The operation of a radar station contains a large degree
of routine behavior, which simplifies the task of under-
standing what the operator is doing and why she is doing
it. However, there are potentially conflicting goals that
must be satisfied when choosing the next task to perform.
This process of goal selection and prioritization can be
understood within the context of a small class of basic
motivations (Simon, 1967). Morignot & Hayes-Roth (in
press) have interpreted these motivations within the
domain of mobile robots; we will attempt to create analo-
gous instantiations for the motivations of a Radar Operator
(see Table 1).

The choice of which goal is to be satisfied next is speci-
fied by the Selection Rules in the GOMS model. The
ordering of these goals for the Radar Operator is:

Affiliation > Safety > Achievement > Learning > Physiological
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Generic Motivation

Physiological

Operator’s Motivation

remain alert

Safety detect threats

Affiliation follow orders

Achievement track contacts, report info

Learning observe unknown areas

Table 1: Motivations for the Radar Operator’s task.

If the operator has received an order, she follows it; other-
wise she must determine if there are any immediate or poten-
tial threats to the safety of the ship. If neither of those
conditions exists, then the routine goals of monitoring the
position and course of radar contacts and of reporting any
significant new information takes precedence. Updating the
radar range and possibly obtaining new contacts must occa-
sionally be performed as well. Finally, in lieu of any other
activity, the Radar Operator will resort to behavior such as
"tracking" the position of an island in order to maintain alert-
ness (this sort of task is not uncommonly assigned to opera-
tors for just this purpose).

The updating of radar range has a relatively low priority;
however, it must occasionally be performed even when there
are other higher priority objectives to be met. Consequently,
a strict prioritization may not be appropriate. A more
dynamic scheme can be used to account for those instances
where the operator chooses to take an action that would
appear to be irrational otherwise. Objective functions that
take into account factors such as the estimated utility of a
new piece of information could be used for such a purpose
(Brafman and Tennenholtz, in press); these can be incorpo-
rated into a GOMS model via complex cognitive operators.

When selecting the next task to be performed, the agent
can estimate the priority of processed information in order to
focus the user’s attention on the most significant and urgent
developments and to adapt to the user’s priorities when they
diverge from those predicted by the model. As the user eval-
uates new information, the agent must update its model of
the user’s beliefs; these can be inferred, via the rational agent
hypothesis, by the subsequent actions taken by the user. As
described by Brafman and Tennenholtz, each action is cho-
sen based on maximizing a decision criterion such as maxi-
min or average utility, which in turn depends on the current
set of plausible beliefs being held by the user. Thus, by
observing the user’s actions, inferences can be drawn as to
what the user must believe, as well as what she may possibly
believe.

These cases represent those aspects of the task where an
intelligent agent, armed with a model of the operator’s
knowledge and behavior, can make significant contributions

by knowing the current goal of the operator. The agent can
anticipate the information the operator will require to
accomplish her goals, present that information in a useful
form, and recommend actions based the information.

Monitoring Working Memory Load

Due to their procedural nature, GOMS models also pro-
vide the means to predict a user’s working memory load.
At any given point in the problem-solving process, there
exists the current goal stack; associated with each goal is a
method for achieving that goal, and each method explicitly
states what information it accesses and must therefore be
stored in working memory for the duration of that meth-
od’s execution. For example, referring to the model shown
in Figure 1, the operator begins execution of the Operate
Radar Station method, where she must retain whether or
not a new order has been received, and if so what that
order is. Within the selection rule Select Next Task, the
operator must then choose which task she will perform
next, and remember that information, and so on. Table 2
shows a trace of which variables are retained within each
method, and the total working memory load at that point in
the goal stack.

Method/Rule

Operate Radar
Station

Select Next Task

Monitor Radar
Contacts

Move to Target
Contact

Execute Unit
Task

Establish Friend
or Foe

Gather and
Process
Movement
Information

Display Contact
Information
<new_label>

Variables Retained

(order = nil)

none 0

target_contact= Casper 1

contact_label= Unknown2

none 2

none 2

bearing = 24.5
range = 32
altitude = 30,000
speed = 500
heading = 69.3

<new label = Hostile>
(contact_label = Hostile)

WM

0

Evaluate and none 7
Disseminate

Table 2: Working Memory Load during task execution.
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In the present scenario, the operator may often be in a situa-
tion where her working memory is overloaded. For example,
if there are many new contacts as well as orders to be exe-
cuted, the operator may not be able to retain the necessary
sequence of behaviors. Using the model to evaluate situa-
tions where the operator’s working memory capacity might
be overwhelmed, it is possible to predict when behavior may
deviate from what is expected, and to determine when an
agent can be most effectively assisted.

Comparison of Predicted versus Actual Radar
Operator Behavior

A simulated execution of the GOMS model was conducted
on a test scenario; this resulted in a sequence of behaviors
that the model would perform if it were operating the radar
station. We then compared this sequence of behaviors with
that of the operators in the scenario. Table 3 summarizes the
results of this analysis.

MODEL

Match Miss

SCENARIO

MatchMiss

54 4

107 X

58

161

Table 3: Predicted vs. Described Operator Behavior

There were 58 distinct operator behaviors described in the
original scenario. The model generated a total of 161 behav-
iors in total and matched 54 of the 58 operator behaviors. In
order to be considered matching, the model must generate
not only the same behaviors as the operator, but it must also
do so in the same order. Model behaviors that occurred out
of order were counted as mismatches. Of the 4 operator
behaviors that were not matched by the model, 2 of them
were behaviors that the model performed implicitly. That is,
the model, as we built it, did not explicitly perform these
actions as independent methods, but instead had them built
in to other methods. This was not an important design deci-
sion on out part but simply the consequence of the granular-
ity level chosen for these methods. Of the other two actions
that were not accounted for, one involved changing the type
of radar used and simply was not included in our model, and
the other involved a non-routine reporting of information.
Discounting the behaviors performed implicitly by the
model, only 2 (3.5%) of the operator’s behaviors were not
matched by the model.

The model generated 107 behaviors in addition to the 54
that matched those of the operator. Although this is a large
number of extra behaviors, a case by case analysis shows
that 104 of them are behaviors that are implicit in the sce-

nario. That is, they are behaviors that were necessarily per-
formed by the operator, but that were not explicitly
described in the scenario. For example, when the model
selects a new contact to establish a Tentative Track, it must
necessarily execute an intermediate method of moving to
the contact and then hooking it. The operator must also
perform this sequence of behaviors, but the full set of steps
is not explicitly described in the scenario.

The remaining 3 behaviors produced by the model that
were neither matches nor implicit in the scenario were
behaviors that probably should have been done by the
operator but were left out because of time or memory con-
slxaints. As discussed, the GOMS model provides a mea-
sure of working memory usage that can be used to better
predict the mental states of an agent by taking these con-
straints into account. Steps within methods that are not
strictly necessary can be noted as optional, so that non-
deterministic behavior may be accounted for. Overall, only
3 out of 161 (less than 2%) behaviors generated by the
model were neither matches nor implicit when compared
to the operator’s behavior in the scenario.

The model predicted 96.5% of the operator’s behaviors.
Furthermore 98% of the behaviors generated by the model
were either explicitly or implicitly present in the scenario.
These results indicate that the model is successfully simu-
lating the operator’s behavior and therefore successfully
capturing the knowledge required to perform the task.

Conclusion
Using the GOMS methodology for analysis of human-
computer interaction, we have developed a model of a
Radar Operator’s goals and the methods that she uses to
accomplish them. A simulated execution of the model in a
test scenario predicted the operator’s responses with a high
degree of accuracy, and furthermore provided details of
those actions that were not explicitly stated in the scenario
description. Based on this model, we were able to identify
those portions of the task where an intelligent agent would
be most able to assist the operator in the performance of
her duties by sharing information, and to describe the
nature of the knowledge that will be required for the task.

By creating a knowledge-level description of a task,
GOMS models provide the means to predict the user’s
goals, beliefs, priorities, and actions. When the user’s
actual behavior departs from what the model has pre-
dicted, the agent may inform the user of the unexpected
actions and recommend an alternate course of action. If
the operator’s behavior is warranted by the situation, then
the agent can update its model or its parameters so that the
agent may continue assisting the operator on the appropri-
ate task.
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