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FOREWORD

This report was prepared under exploratory development task ZF63-522-801-013
(Training for Decision Making and Problem Solving). The overall goals of the task are to
explore the application of microcomputer technology for training declarative and proce-
dural knowledge and to develop standalone computer-based instruction. The current
effort explores the application of microcomputer technology to the problem of training
procedures used to determine appropriate ship maneuvers.

This report is intended for use by training system designers and for training
commands that include the maneuvering board course in their curricula.

3. W. RENARD JAMES W. TWEEDDALE
Captain, U.S. Navy Technical Director
Commanding Officer
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SUMMARY

Problem

A microcomputer-based maneuvering board training system to teach students to solve
relative motion problems was developed, implemented, and installed in a "C" school at the
Fleet Combat Training Center, Pacific. Instructors felt that the program was of value in
communicating the concepts of relative motion to students but did not use it regularly
because of the complexity of the user interface.

Objective

The objective of the effort described herein was to identify the problems in the
system and redesign the user interface so that the system's instructional value would be
more directly available to students and instructors.

Approach

Problems were identified by (1) interviews with instructors and students and (2)
having two novices attempt to learn how to use the system. In the redesign process, the
principles of cognitive science and man-machine interface design were applied to
identified problems. This portion of the research was conducted in collaboration with the
Cognitive Science Laboratory of the University of California at San Diego.

Results

The system was redesigned and implemented in accordance with principles of man-

machine interaction studies.

Conclusions

The redesigned system represents a significant improvement over its predecessor. It
has been installed in the Operations Specialist "A" school of the Fleet Combat Training
Center at Dam Neck, Virginia, and is now in regular use in that school. The redesign
process itself highlights the importance of the tradeoffs that must be made between the
conceptu! coverage provided by the training system and the complexity of the user
interface.
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INTRODUCTION

Problem and Background

Ship handling in traffic is a difficult task and the consequences of error can be grave.
Because of the time required to execute maneuvers in large ships, accurate predictions of
the effects of various maneuvers must be continuously available. Aboard most surface

ships, these predictions are based on analyses performed on a plotting sheet called the
maneuvering board. Because the maneuvering board is used to analyse the motion of
objects relative to each other, an operator must understand the principles of relative
motion, a conceptually difficult task. Fleet training commands report high failure rates
in courses that require this knowledge.

The Navy Personnel Research and Development Center (NAVPERSRANDCEN) is
conducting a program exploring the use of microprocessor technology, which is especially
suitable for training operators io use the maneuvering board. It is very difficult to
represent the changing dynamic relations among ships and the multiple points of view
required to understand relative motion in static instructional media such as print or
chalkboard. Yet they can be clearly represented by an interactive graphics display driven
by a simulation model of ship movements.

Systems being developed under the microprocessor technology program are imple-
mented at a user activity, operated by those who will use the final system, refined in
accordance with strengths and users noted by operators, sent back into the world of users,
and so on. This in-situ development plan ensures that researchers do not end up creating a
system that meets their theoretical expectations but not the needs of the users.

A microcomputer-based maneuvering board training system was developed as part of
the microprocessor technology program (Hutchins & McCandless, 1982). After several
design/test cycles, version 3.0 of this system was installed at the Fleet Combat Training
Center Pacific in San Diego, California in the fall of 1981. This system used interactive
graphics to provide training in the conceptual basis of relative motion problems. It
presented a simultaneous display of relative and geographic depictions of the motions of
ships (see Figure 1). The relative depiction showed how the motion of ships would appear
on the radar screen of one of the ships involved; and the geographic depiction, how the
motion of ships would appear to an observer on a stationary platform high above the
ocean. The student could generate any desired ship interaction scenario by entering data
about the participating ships (up to 26) into a large menu-like region at the bottom of the
display screen, and the system would automatically incorporate the entered information
into a mathematical simulation model of the scenario described. The scenario could then
be run forward or backward in time. While the simulation ran, the relative and geographic
displays were automatically updated to show the tracks of the ships. In addition, the
system provided a very general but complicated set of commands for the control of such
aspects of the display as scale and the choice of automatic or manual recentering of ships
on the geographic plot.

In the 3.0 version, the ship interaction scenario facility provided the user with a great
deal of latitude in the construction of the scenarios and the control of the display. The
relative display assumes that the observations depicted are made from one of the ships in
the scenario, referred to as "ownship." The construction of a minimal scenario requires
that the parameters describing the motion and positions of ownship and at least one other
ship be specified. Ownship is characterized by a course and speed and an initial position
(x,y) on the geographic display. Other ships in the scenario are given labels (a letter

1
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designation A-Z), so that they can be distinguished from each other, and also have
courses, speeds, and an initial position relative to ownship (given in bearing and range
from ownship). As can be seen in Figure 1, the motion parameters of only one contact
ship are displayed at any one time. If the scenario includes more than one contact ship,
the motion parameters of any one can be displayed as the user desires, but the parameters
of all the others will not be displayed.

I ..-.,,* .. .6 . .. . .,

V.,~..........

Tint '

Notion : stopped ToTine : )29:06 6eo6raph: O

Course : S Ship : none Course
If: Speed 6.6 Speed 6.6

.1 6.6 D 90 Bearing : 96
1 6.9 EelSpetd: 0.0 Range 0.0

R ,llS SPICE to chail, )-Frvd, (-eV, N(eu, T(rins, N(vto, L(issol, *(u~t'

Figure 1. Display of maneuvering board training system (version 3.0).

Note. The relative plot is on the left and the geographic plot, on the right. The upper
two lines of text contain options for controlling the simulation and display; the next four
lines, for setting and displaying the motion parameters of ownship and other ships; and the
bottom line, for controlling the simulation and the display.

To make the facility more general in the sense of being able to represent and depict
any conceivable ship interaction scenario (e.g., from a student's workbook or a description
of a historical event), the user was provided with control over the display. For example,

Sol the scale of both displays defaulted to 1000 yards per grid division but could be set to any
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scale up to 5000 yards per division by the user. Such a scale choice might be required to
accommodate a problem with a very large initial range. Regardless of the scale chosen, if
ownship has a nonzero speed, it will eventually steam off the edge of the geographic plot.
So that the interaction display would still be useful when this happens, methods were
provided to get ownship back onto the geographic plot. Again, to give the student the
ability to model any scenario, he could set a beginning time for the scenario and step it
forward or backward one tick at a time or jump it forward or backward to any specified
time.

The attempt to make the facility general led to a number of problems with the
interface. For example, although the 3.0 version allowed scenarios with up to 26 ships to
be constructed, a scenario involving even a few ships would never be interpretable, even if
a student had the stamina to construct one. A representation of the simultaneous relative
motions of several ships simply contains too much information to be understood, even by
an expert. Relative motion is so complex that understanding a single ship interaction
requires a lot of effort. Even in the real world, multiple ship interactions are understood
as a set of pairwise interactions.

Giving the user control over such display parameters as scale, initial time, and
repositioning on the geographic plot consumes valuable screen space on a display with
limited resolution. Control of these parameters is not directly related to the principles of
relative motion and competes for the student's limited mental resources (Norman &
Bobrow, 1975). Further, the appropriate use of any of these assumes a level of

*-. understanding of relative motion that is probably beyond most beginning students. Ever
worse, the behavior of some of them (e.g., scale and repositioning) could be a source of
confusion.

In addition to the problems caused by attempting to have the system do too much,
" there were difficulties in the mechanics of the interaction of the student with the system

concerning the actions required of the user to enter data, monitor the system's behavior,
and control the display.

Purpose

The purpose of the work described herein was to identify the problems in the system
"* related to the use interface and, based on results, to redesign the user interface so that

the system would have more instructional value to the students and instructors.

APPROACH

Interface problems were identified by (1) conducting interviews with students and
instructors and (2) having two novices use the 3.0 version of the system and note errors
made and aspects of the system that were difficult to use.' Problems identified were
analyzed and eliminated to the extent possible in collaboration with the Human-Machine
Interface group of the Cognitive Science Laboratory, University of California, San Diego
(UCSD).

V'Woodworth, G., & Dutton, B. In-house report on the maneuvering board system,
undated.
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RESULTS

Identified Interface Problems

The most important problems identified in the user interface to the version 3.0
system are listed below. Brief examples are provided where appropriate.

1. Inconsistent data entry protocol. To enter information about a ship, one gives
the ship a letter designation (A-Z) and then specifies ship parameters (e.g., initial relative
position, course, speed, etc.). The actions required to enter different types of information
are not uniform. For example, to enter a ship designation, the user positions the cursor
and types a letter character that is accepted as soon as it is typed. To enter a ship
parameter, the user positions the cursor, types a space to clear the previous entry, types
the new entry, and then types either "space" or "return" to accept the new entry. To
achieve goals through interaction with the system, the user must have a model of the
mapping of actions onto effects (Black & Sebrechts, 1981; Norman, 1983; Moran, 1981a).
When data entry actions are inconsistent, the user's memory load is increased because of
the many different action sequences required to accomplish the same high-level goal. In
addition, inconsistent data entry actions present additional opportunities for error and all
of the problems that are attendant to committing errors. The solution is to have a single
consistent data entry action wherever possible.

2. Negative transfer from common experience. The space bar is used both to clear
an entry and to accept it, but it is not used for its expected purpose; that is, for moving
the cursor toward the right of the screen. This not only violates user expectations, but
also increases the user's frequency of error and frustration. When the system uses the
space bar for novel and inconsistent purposes, it violates the user's implicit assumptions
about the mapping of actions onto effects. This can be especially frustrating, because
such assumptions are normally unquestioned, thus making it difficult for the user to
discover the source of the problem.

3. Inability to undo unwanted or mistaken actions. If the user forgets to designate
a ship before entering its parameters, the system allows the parameters to be entered.
However, if the user then enters a ship designation letter, all of the parameter entries are
cleared. There is no way to undo the actions. There are really two problems here. First,
the system will, without prompting for confirmation, take actions and produce states that
are very unlikely to be unintentional. Some such states can be avoided entirely by
changing the nature of the interaction so that the user cannot take certain actions in
some environments (Black & Sebrechts, 1981; Maguire, 1982). The second problem is that,
once such a state is produced and noticed, there is no way to go back to the previous
state. Both of these problems add to user frustration and waste time. Solving the second
problem requires making a new operation, the "undo," known to the user. Solving the first
is preferable because the friendliness of the system is then transparent to the user.

4. No feedback about what the system is doing. The system can require a
noticeable amount of time to execute computations to perform a certain task (e.g.,
moving the ships to their appropriate positions for some user specified time), but the user
gets no indication that anything is happening during this time. Using a computer as a
resource in the learning process is a type of interactive problem solving. One of the most
important aspects of sharing the problem-solving load is keepin track of what the other
participants are doing. Monitoring the behavior of the partner fin this case, the program)
is part of the normal problem-solving routine. Failure to provide feedback about the
system's behavior in terms the user can readily understand makes the interaction
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unnatural and leads to errors (Norman, 1983). Users misplan their own behavior based on
mistaken assumptions about what part of the total task the system has done or is doing.

5. Command names that are not good pointers to the functions they perform. While
running a scenario, ships will move out of the geographic display window. Thus, to permit
the student to carry on the simulation, a facility to "translate" the window over the ship is

provided. The command name that invokes that facility manually is T(rans). Students had
trouble understanding the meaning of this and other command names. This is another
problem relating to the user's model of the mapping of actions onto effects. The user's
understanding of this mapping depends upon at least the following factors: (1) "customary
meanings" of the command terms (Black & Sebrechts, 1981), (2) the implicit categories of
effects (e.g., display a scenario, set a speed) and actions (e.g., enter a number, call a
command) recognized by the user, (3) notions of "reasonable" ways of doing things with
the system (Bott, 1979), (4) the perceived domain of the entire set of commands, and (5)
the contrastive relations of each command name with hypothesized "meanings" for the
other command names. The customary meanings of command words is often the first
factor to come to mind, but the others are also important. They are logical extensions of
the principle that the meanings of words in language (command names being a small
subset) do not reside in the words themselves but in the interpretation given them by the
hearer/reader. Well-chosen command names help novice users develop a clear model of
the system, which helps them to infer and remember the meanings of command names. A
common problem here is that, because the system designer has an intimate knowledge of
the semantics of the commands, as embodied in the code that executes them, he tends to
choose command names that are meaningful in the context of a model of the system as an
evolving body of software. However, the user needs a different type of model: one that
is simple, is consistent, and refers to the system's behavior rather than to its internal
workings (Moran, 1991a, 1981b). The command names seen by the user should ;uggest a
simple and functionally adequate model rather than a complicated implementationally
correct one. For these reasons, command names that seem natural or meaningful to a
system designer may in fact be quite misleading to the novice who does not yet and, given
poor command names, may never have a useful model of the system. The uoer's notion of
reasonable ways to interact with the system depends on his or her prior experience. In
some user populations, such knowledge can be useful both in designing the interaction and
in choosing command names. When considering the "domain" of the entire command set
(or subsets) and the contrastive relations among them, it must be recognized that user
hypotheses about the meanings of command names do not arise in a vacuum. Likewise,
command names should not be chosen without regard to the set within which they will be
embedded. In the original system, command names were necessarily short because many
items were competing for screen space at all times. This need for brevity put serious
restrictions on their descriptive richness.

6. Failure to indicate the units or ranges of acceptable entries. Distances are
commonly expressed in miles, yards, or thousands of yards. A student wishing to set a
value in a problem gets no guidance on what the system expects or accepts. At best, this
problem forces a guessing game on the user, leaving him to discover the units in which
entries are to be made and the ranges within which entries will be expected. At worst, it
may invisibly violate the user's implicit expectations and thereby lead to errors that are
very difficult for the user to debug.

7. No way to distinguish those things on the screen that the user can act upon (e.g.,

ship parameters) from those that he cannot act upon (e.g., direction of relative motion,
relative speed). This is a problem because it makes the construction of a model of the
mapping of actions to effects more difficult than it need be for the user. Some items that

5
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the user may wish to manipulate respond as expected, while others do not. Users faced
with such a situation are likely to attempt to develop idiosyncratic hypotheses about why
some things are sensitive and others are not. For example, in the case of the domain of
relative motion (see #9 below), some parameters can be specified by the user and others
cannot, leading to user confusion.

8. Crowding on the screen. The bottom part of the screen especially is visually
very busy, making it difficult for users to find what they are looking for. When the screen
is crowded, users must either devote resources to searching for items or maintain a
complex cognitive map of the screen. The former strategy is time-consuming, and the
latter can be a disaster if the screen configuration changes in different modes of
operation.

9. Domain sensitivity (i.e., the way available facilities organize the user's actions is
not sensitive to the representation of problems in the domain). Students would sometimes
like to be able to specify the directions of relative motion (DRM) and the relative speed
as givens rather than having them computed. The system does not permit this option.
This may be more of an instructional fault than an interface fault, but it should be
considered in the interface design process. To limit the computational complexity
required of the program, certain manipulations of the ship simulation, the most important
of which involved the specification of the components of the velocity vector triangle,
were not provided for. The velocity vector triangle is made up of three vectors--one for
ownship, one for maneuvering ship, and one for the relative motion between the ships.
Each vector has a direction and a magnitude; in most cases, the entire triangle is
determined by any four of its six component parts. In the 3.0 version, it was possible to
specify the vector triangle only by specifying the magnitude and direction of ownship and
maneuvering ship vectors. In a sense, these are the only vectors that have a measurable
physical existence; however, in the domain of relative motion, it is often desirable to
specify other combinations of components of the triangle as givens and then solve for
ownship's vector course or speed. Limiting the interaction by not permitting this option
could lead students to form theories of the domain that are simply false.

The Redesigned System

In response to the problems described above NAVPERSRANDCEN staff members and
researchers at the UCSD Cognitive Science Lab began the redesign effort in the summer
of 1982. After Center personnel had explained the nature of the conceptual difficulties
that appear to be responsible for the high failure rates in Navy courses that deal with
relative motion to the UCSD group, the entire program structure was reconceived and
reformulated. To facilitate communication, two microprocessor systems were moved
from NAVPERSRANDCEN to UCSD and two NAVPERSRANDCEN team members spent
several weeks programming at UCSD.

Because the simultaneous displays of relative and geographic plots had been so highly
rated by the instructors who used the 3.0 system, it was decided to maintain a ship-motion
facility that would permit students to construct and view dynamic ship interaction
scenarios. In addition, the new system is designed to provide the students with practice in
the six basic types of maneuvering board problems: closest point of approach (CPA),
tracking, avoiding course, and three types of change of station problem-speed given,
course given, and time given. The top-level menu (Figure 2) permits the user to choose
either a ship interaction scenario or a specific type of ship interaction problem to be
solved.

6
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Figure 2. The top-level menu for version 4.0.

Note. The student can choose any of the activities listed by positioning the highlighted
_ _region on the desired choice and pressing the "do-it" key.

Ship Interaction Scenarios

The revised system includes two modes for setting up a ship scenario: the student-
entered and the computer-generated modes. In the student-entered mode, which is
modeled directly on the facility provided in the 3.0 version, the student specifies the
initial parameters. In the computer-generated mode, the student simply indicates his
desire to view a ship interaction scenario and the system randomly generates a meaningful
one. These modes are described below.

Student-entered Mode. To avoid some of the problems noted above in connection
with the construction of ship interaction scenarios in the 3.0 version, a number of
simplifications were incorporated in the revised system. The most major of these is the

- -restriction of scenarios to two ships. Since all the principles of relative motion can be
realized in scenarios involving only two ships, nothing conceptual was sacrificed by the
restriction. Its advantages are that it (1) obviates the need to assign labels to contact
ships, (2) prevents the graphical display of the scenario from becoming so cluttered as to

:O__ be unreadable, and (3) guarantees that the information regarding the motion parameters
* of the contact ship are always visible to the student.

-7
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Several features of the system were removed or changed to simplify the display and
reduce the number of controls to which the user needs to attend:

I. Control over scale of the displays was removed as an option; the scale is now
fixed at 5000 yards per grid division. Consequently, scenarios involving short ranges and
some geometries suffer somewhat in resolution.

. 2. The ability to reposition ownship on the geographic display was completely
removed. As a result, scenarios cannot be viewed indefinitely with the reference ship on
the geographic display. This, however, sacrifices very little, since the contact ship is
unlikely to remain in the vicinity of the reference ship for long periods of time and the
purpose of the display is to show the relative positions of the two ships.

3. The options dealing with the setting of initial scenario time, ticking backward in
- time, and jumping to distant points in time (either forward or backward) have been

removed. The grids on the relative and geographic displays were denser than need be in
' the 3.0 system. In the redesigned system, the number of concentric range circles in the

relative plot was reduced, and the rectangular coordinate grid in the geographic grid was
* removed completely. Since the use of the simultaneous displays primarily provides a

qualitative sense of the motion of the ships, the removal of grid lines does not affect the
functional value of the graphical simulation but does give the display a cleaner
appearance (see Figure 3).

'U'.

COURSE= OR" BEARING: one

-P " SPEED : SRO RANGE : Start Over

Enter course in degrees (0-359) and press ENTER

O Figure 3. Movement of ships (student-entered mode) display.

Note. The relative plot is on the left and the geographic plot, on the right. This is the
state of the display before data are entered. Compare to Figure 1 for cleanliness.
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With the items listed above removed from the system, the student retains control
over constructing and running a scenario involving two ships. In setting up a typical
scenario, a student might want to specify a course and speed for ownship, a course and
speed for a contact ship, and an initial bearing and range of the contact. Because of the
interrelationships among courses and speeds of ships and the relative motions of the ships
with respect to each other, the specification of the two courses and speeds uniquely
determines a direction of relative motion (DRM) and a relative speed of the contact with
respect to ownship. This can be seen when the motions of the ships are represented as
vectors and every two-ship interaction is described by a vector triangle. The vector
triangle consists of three vectors, representing the motion of ownship, the other ship, and
the relative motion between them. Since each vector has a direction and magnitude, the
complete triangle consists of six components. In the case described above, when four
components are specified, the other two can be computed. Generally, any four of these
components uniquely determine the other two; however, there are instances in which
specifying something other than the ship's courses and speeds can be instructionally
effective. For example, once the initial bearing of the contact is determined, if the
problem is constructed such that the DRM is the reciprocal of the initial bearing, a
collision is guaranteed. In this case, the student might specify the course and speed,
initial bearing, DRM, and relative speed of the contact and let the system compute the
course and speed of ownship that would be required to intercept the other ship. Since
leaving the student relatively unconstrained with respect to the entry of parameters may
encourage the student to think about the relationships among the parameters, it seemed a
very desirable feature. Understanding these relationships and the ways in which ship
motion parameters constrain each other is a critical aspect of mastery of this domain.

Unfortunately, there are instances where knowing the values of four components will
not enable the student to determine the values for the other two. Sometimes the four
values will allow no solution, and sometimes they are consistent with two possible
solutions for the values of the other components. If the student were completely
unconstrained in the entry of parameters, such computationally untractable situations
would eventually arise. While such situations might be very instructive for an advanced
student, they would quite likely be very confusing to a novice. Although it is desirable to
provide as much flexibility in data entry as possible, there is a point where a little extra
flexibility adds a great deal of conceptual, computational, and interface difficulty.

It turns out that computationally untractable situations never arise if the parameters
of ship motion are entered in pairs representing complete motion vectors. In the 4.0
version, students can enter any two vectors in the triangle, leaving the system to solve for
the third, but they are constrained to enter both the direction and the magnitude of each
entered vector. This constraint retains valuable learning situations in that students can
enter the DRM and relative speed with a ship motion vector and let the other ship motion
vector be determined. Furthermore, this constraint fits the pattern of availability of
information in the world (i.e., normally, if one has knowledge of one component of a ship's
motion vector, the other component will also be known). This constraint is enforced by
capturing the cursor as soon as the student has finished entering one component of a
vector. The cursor is placed on the menu location of the other component of the vector
and a solid box appears around the region of the menu containing the parameters. A

J* message appears in the documentation line requesting the entry of the parameter and the
cursor will not move from that menu item until the student has entered the value. For
example, if one enters a ship's speed, the cursor moves to the location of the course item,
draws a box around both the course and speed items, and prompts for the entry of the
ship's course. When the student has completed the entry of both components of the
vector, the solid box becomes a dashed line box (see Figure 4).

9
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Enter speed in knots (0-38) and press ENTER key

Figure 4. Data entry to the movement of ships (student-entered mnode) display.

Note. Ownship vector has been fully specified and is surrounded by a dashed box. The
maneuvering ship's vector is only partially specified (course) and the cursor is trapped in
the solid box until maneuvering ship's speed is entered.

For three reasons, it seemed useful to permit the student who has finished
constructing a scenario to change his specification of the ship motion parameters that
define a scenario:

1. The student may have simply made an error and would like to correct it without
having to reenter all of the data.

2. It is instructionally useful to run a scenario under one set of parameters and then
run it (or a portion of it) under slightly different conditions.

3. The automatic computation and display of the unspecified side of the vector
triangle presents the student with an interactive vector calculator. For example, the
student could enter a bRM and relative speed and then inspect the effects of a series of
changes in one of the ship motion vectors on the other ship motion vector.

Like the situation with data entry, the facility that permits alterations in scenario
parameters cannot be completely unconstrained. Once a vector triangle has been defined,
a change in any of the vectors could be accommodated by an infinite number of
combinations of changes in the other two vectors. For example, suppose one changes the

to



magnitude of the relative motion vector in a vector triangle. This change could be
accommodated by changing the direction of one of the ship motion vectors, the directions
of both ship motion vectors (spreading them a little further apart), the magnitude of one
or both ship motion vectors, or by combinations of any of these (see Figure 5). Obviously,
an interface that would permit the student to specify where the effects of his changes
should be accommodated would be very complex and would require in advance just the
sort of knowledge that this facility is designed to impart.

r

Vector triangle

Increase rel speed

Figure 5. The vector triangle.

Note. Here are a few of the many ways that a change in one component of one vector,
relative speed, could be accommodated by changes in one or more of the components of
the other vectors.

The difficulty was solved by adding a constraint on the student's actions on the
system. In this case, the constraint is as follows: Once the student has entered two
complete vectors and the system has computed the third, the student is not allowed to
change the values of the vector that has been determined by the system. When the
system determines a vector, a solid box appears around its components, and the cursor
will not move to the locations of the parameters of the determined vector. Any changes
to either of the vectors that the student originally entered will be accommodated by
changes in the vector that was originally computed by the system. In this way, the system
provides reasonable but not complete flexibility in the entry of parameters and the
maximum amount of flexibility in revision that is possible without unnecessarily increas-
ing the complexity of the interface.

It should be noted that the constraints that have been implemented to keep the
interface usable impose structure on system's behavior that may lead the student astray.
For example, a student interacting with this system may implicitly infer that the only way
to build a vector triangle is by specifying complete vectors. After all, the system will not
permit a vector triangle to be constructed any other way. Such an understanding is not
only incomplete, it is incorrect. While this is a potentially dangerous situation, the
alternative is to provide a system that is so complex no student could learn from it.

Computer-generated Mode. To reduce the cost to the user in.time and resources of
setting up a meaningful ship interaction scenario to watch on the simultaneous relative
and geographical displays, a facility was built that is capable of automatically generating
entire sample scenarios. Using this facility, the student can either view the scenario as
generated or rearrange it by changing ownship's course and/or speed.
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Practice Problems

If the student chooses a problem type rather than the ship interaction scenario, the
system presents an instance of the problem type posed as a word problem. These problem
statements are modeled on those that students find in their workbooks (Figure 6). The
problems themselves are generated randomly within a set of constraints that guarantee
that every problem is meaningful. All CPA problems, for example, are constructed such
that the CPA between ships has not yet been reached at the (simulation) time the problem
is posed to the student.

Rvoidirng (:Curse Probiem

Vour -cursE l. . 5 ,:', 28 knots. At t'4-1 a shp beirs ' Q& ,Ti d rE,
23YOO y~ar ds. At '4'4? he bears 298 (T) degrees -it 16300 yards. At 1581.
c0m io.t to avold. h bi. 5888 yards -it present spEed.

YOUR SOLUTION ,YSTEN SOLUTION
. ,vot 

rig Course 25 -%

Bearing at CPA )"

i51i4

ICompare my answers with the systen's answers

iGet a DIFFERENT- ty pe of problen

Enter lin( ci CPA in Z4 hour time (89ot-2'40) and press ENTER key

Figure 6. A typical problem statement screen (avoiding course problem).

Note. When the student chooses to do an avoiding course problem, the system poses the
problem in text form and prompts for the student's solution. Here the student has just
entered the last of his answers. An expanded description of what the system expects, the
units required, and the procedure for completing the entry are all specified in the
documentation line at the bottom of the screen. After the student enters his answers, he
can compare his answers to the system's answers or get a problem of a different type.
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Below the problem statement on the screen is a menu of prompts for answers to the
problem and, below that, a menu of other things the student can do from that screen. The
intended use of this screen is for the student to work the posed problem on an actual
plotting sheet and then enter his answers in the appropriate spaces. If the student selects
to have his answers compared to the system's answers, the system will display its own
answers. In addition, if the student has entered any answers that are not within
tolerances,2 they are labeled "incorrect." If the student has not entered any answers, the
system simply displays the correct answers. In this way, the student can get feedback
about his answers to problems. Unfortunately, learning that an answer is wrong may be of
little use to a student. A student wishing more useful feedback can elect either to see the
solution plotted or see the simultaneous plot depiction of the interaction described in the
problem (see Figure 7).

Avoiding Course Problem

Your course is 356 (T), 28 knots. At 1W3 a ship bears 296 (T) degrees.
23900 yards. At 14'e? he bears 298 (1) degrees at 16300 yards. At 1561.
:.:Me left to avoid him by 5860 yards at present speed.

YOUR SOLUTION SYSTEM SOLUTION

Avotdtng Course 325 incorrect 320

Bearknq at CPA 4 correct'

Time of CPA t514 correct'

.-

Seeshimoemetson the relative and geographic plots

Get another problem of the SAME type
Get a DIFFERENT type of problem

Figure 7. Problem statement screen with answers.

Note. Here the student has entered his answers to the problem. Correct answers are
supplied where the student was incorrect. The bottom of the menu lists the options that
the student can choose at this point.

2Tolerances used by instructors in the classroom are +/- 3 degrees on courses, and +/-
10% on ranges and times.
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The motions of the ships involved in the problem is depicted in Figure 8. This screen
uses the same simultaneous display used for the computer-generated movement of ships
option from the top-level menu. This is like the computer-generated scenario in that the
system has created the scenario, but it differs in that the student can neither enter nor
change the ship parameters. It is believed that the use of this facility reinforces the
connection between the points and lines that are drawn on the maneuvering board plotting
sheet and events in the world of ships (e.g., the appearance of a contact on a radar screen
or the geographic motion of the ships over the face of the ocean). The ability to see a
problem in terms of these connections seems to be instrumental in detecting and
correcting certain types of procedural errors.

• .. 5 0 .-...........

,. ...... . .

.......9 STOPPE

CSE -z356 COURSE 031 ORN 13 BEARING: 298
SPEE z 21.6 SPEED : 07.9 SRN : 13.3 RANGE : 15566

Start ..d Stop noveotnt of ships

Figure 8. The version 4.0 movement of ships (computer-generated mode) display.

Note. The scenario given in the problem the student has been attempting to solve is
depicted with simultaneous display of relative and geographic plot. The student can run
the simulation through the scenario, reset the simulation to the initial conditions specified
in the problem statement, or exit this screen--returning to the problem statement screen.
If the student runs through the scenario, the appropriate change of course required toavoid collision will be shown.
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The other option available to the student after attempting to solve the problem posed
by the system is to view a step-by-step display of how the solution to the problem should
be constructed on a plotting sheet (Figure 9). Using this facility, the student can step
through a graphic depiction of the solution to the very problem he just attempted to solve.
The system presents text descriptions of each step in the procedure. When the student
has had a chance to read the description of the step, he is shown graphically how that step
should have been carried out for the problem in question. The appropriate points are
plotted and flashed on the screen to bring them to the student's attention. The student
controls the rate of presentation of the steps by indicating when he is ready to see the
next step. This facility represents a major advance over a system that simply checks for
the correctness of student answers, because the step-by-step construction of problem
solutions is precisely the skill the student ultimately needs to learn.

. - ......-. Press ElER key

Find NtV ORR .... continue plot.
Drav CPA circle

Drav tangent .'

12 3 Ii 5 6 0 28 25 S 38 4 1'
I I I II II I I I I U - d

.63 .1 .2.3 .. 1 2 3 ... 3... 121 K

12 3 5 6 Li n6 iS 253 if4 60 kmts

Figure 9. The graphical display of the solution procedure.

Note. Here the student is seeing some of the intermediate steps in the procedure required
to solve the avoiding-course problem. At the left side of the screen, natural language
descriptions of the steps appear one at a time. With the appearance of each step, the
graphical actions required by that step appear on the simulated maneuvering board plot at
the right. Nomogramic computations are shown at the bottom of the screen, just as the

.I -

student should have done them on his MAN1BOARD nomogram.

General Interface Properties

The overall structure of the system is shown in Figure 10. Each screen -onfiguration
contains menu items that, when selected, will produce other screen configurations.
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Select the type of problem you want.

Movement of Ships (Computer Generated)
Novement of Shi s (Student Entered)

Tracking
Rvoidance of a Single Contact
Change of Statkion (tUpe given)
Change of Station (course given)
Change of Station (speed given

Avoidtng ur:t Probite

vor ,ur ., knot. t 1 h bAt1r3 t e. ,T dtqret:
23,N yjed:. it 144t ht betr. 298 4TP d~e(ret.: it Io00 0 Jr-. At 150d A

(*at 'tit to iyokd. hko bq 5000 iards it prt.-fit :$(td.

YOUR SOLUTION :YTE .OLUTION

Avoiding (our it

seareoa at (Ph 14

1514

Care i asvers with the system's ansvers
. a $f ftmL typt o1 peoblen

Eater liat oi (PA in 24 hour tie (0991-Z40) and press ENTER key

.. few It/

... SIPf ""__,

9 1.0 -D Nt.

Is-.. ZI n ..-"..

tof 511 66. •tpe

tiN t ste amO t ,r eps

Figure 10. Overal1 structure of the system.
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Use of menus. As can be seen from the figures, all interactions with the system are
conducted by use of menus. A highlighted region on the menu indicates the present
potential selection and a documentation line at the bottom of the screen provides an
expanded description of the currently highlighted command. Changes in selection are
made by using arrow keys on the keyboard to move the highlighted region around in the
menu. Commands are executed by pressing a "do-it" key, while the highlighted region is
positioned on the desired menu selection.

Menus have some nice properties with respect to the mapping of actions onto effects
(Perlman, 1981; Norman, 1983). The meanings of individual commands are easier to
establish since the whole contrast set of relevant and related commands is visible at once.
The problem of user goal formation is alleviated somewhat by having examples of

reasonable things to do present. Further, it should be easier for the user to induce a
model of what the system can and cannot do when the available commands appear as
menu items. The addition of a documentation line as a part of the menu system permits
command expansion for greater clarity and less ambiguity. The units and ranges of
arguments to commands are also specified in the documentation line in a form that can be
consulted if needed but is otherwise unobtrusive. Every time the cursor moves to a new
menu item, the information appropriate to that menu item appears in the documentation
line at the bottom of the screen.

Having a single "do-it" key that accomplishes menu selection and all data entry solves
the problem of inconsistent data entry and permits the user 'to form a simpler mapping of
actions onto effects. In the 4.0 system, there are only two user action protocols. To
select a menu item, the user positions the cursor on the desired selection and presses the
"do-it" key. To enter a data value, the user positions the cursor, keys .in the desired value
(rubout is permitted), and presses the "do-it" key. In each of these cases, the user
receives immediate feedback from the system. In the case of menu selection, the system
does whatever the menu selection specifies. In the case of data entry, the entered
number is flashed when the "do-it" key is pressed to indicate to the student that the value
has been entered into the system.

System feedback. In the 4.0 system, the student gets continual feedback concerning
the activities of the system via highlighting of entries, updating of simulation clock, and
changes in the appearance of the screen. The situations that were most troubling in this
regard in the 3.0 system (e.g., moving the scenario forward or backward in time by large
jumps) have been removed altogether from the 4.0 system.

Functionally differentiated screen configurations. Rather than try to serve all
functions with a single multipurpose screen display, in the 4.0 system, different screens
appear for different jobs. This encourages the users to build models of the system's
behavior that recognize the difference among the various activities. It also alleviates
much of the crowding on the screen, although the system is still up against the limits of
the screen resolution in the display of solutions to complex problems. The explicit
representation in menus of where in the system, in the sense of what sort of screen, the
user can go from his present location makes it easy for the user to get from one sort of
activity to another.

CONCLUSIONS

In this cycle of the design/test/redesign process, significant improvements to the user
interface have been accomplished. A consideration of what was problematic in the early
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system and what features solve problems in the later system sheds light on the needs of
users. In addition to improving the user interface, the redesign of the system gives the
student better feedback about his own performance and more direct practice of the skills
required on the job. The simplified interface to the system will permit students to master
the use of the system quickly and devote themselves more immediately to learning the
subject matter domain (Sebrechts, 1983).

In the redesign of several features in the training system, decisions had to be made
about the tradeoff between increased conceptual coverage ,.nd increased interface
complexity. This tradeoff was felt most acutely in the redesign of the "student entered"

-. mode of the motion of ships facility.

The sum of the individual design choices define a location in a hypothetical tradeoff
. space. Such a space is depicted in Figure 11. Of course, all of the interface complexity

of a system is not necessarily there in support of conceptual coverage. In the 3.0 version
of the maneuvering board program, for example, the facilities for controlling scale, time,
and repositioning of ships contributed virtually nothing to the program's ability to
communicate the concepts of the domain, but they did contribute to the complexity of the
interface. The ability to create multiple ship scenarios, however, added greatly to the
complexity of the Interface and also supported some concepts that could not otherwise be
represented. The movement in the tradeoff space achieved by simply eliminating the
scale, time, translation, and multiple ship facilities is shown in Figure 11 by the dotted
line. It represents a large decrease in complexity and a small decrement in conceptual

C" coverage. The heavy solid line in the figure represents the locations in the hypothetical
tradeoff space that would be occupied by a series of programs produced by continually
increasing conceptual coverage while keeping the increase in interface complexity to a
minimum. This is a line of least complex systems. In the case of the subject matter
domain that was to be taught by this program, It seems that this line makes a dog-leg.
There is a point beyond which a small Increase in conceptual coverage becomes very
costly in terms of interface complexity. As long as the corner of the dog-leg is at a point
that provides both acceptable conceptual coverage and an interface that can be
comprehended, the Ideal point In the tradeoff space is at the comer of the dog-leg.

In retrospect, the redesign process for this program can be seen as an effort to move
toward this Ideal point. The redesigned system certainly provides greater conceptual
coverage with less interface complexity than Its predecessor. The movement of the
system through the tradeoff space caused by the redesign process is shown by the dashed
line in Figure 11. As new developments in interface technology become available, the
shape of the line of least complex systems and the location of the ideal point in the
tradeoff space will change.

Ilk
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Line of least
complex systems

>1 3.0 System

0 4.0 System

Ideal Point
4-.C

Conceptual Coverage

Figure 11. A hypothetical design space.

Note. Since there are no established measures for the axes of this space, the scale is
unknown. This is an expression of qualitative relations among the various locations in the
design space. The dotted line represents the movement of the system through the space
that could have been achieved by simply removing some of the "bells and whistles" from
the system. The dashed line represents the movement accomplished by the redesign
process.
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