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ABSTRACT

Generalized telemetry data analysis systems have been
developed to meet the future requirements for the analysis
of telemetry data. By providing the user the freedom of
stipulating the manner in which data is to be analyzed, the
need for mission specific analysis software can be greatly
reduced or eliminated entirely.

Communications between the user and the software is
accomplished by means of a user-software interface. Proper
design of the interface will promote successful user-
software communications. Interface design features such as
menus and online documentation are discussed.

Human engineering is an integral part of a successful user-
software interface design. The human beings which operate
the software possess limitations on their mental abilities
and perception. Human engineering concepts which utilize
display techniques and reference names are discussed.

A definition of a successful user-software interface is
given.
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INTRODUCTION

As telemetry moves into the future, the requirements for
data analysis support have steadily grown. Over the past 25
years, these expanding requirements have been met with
customized software packages. As a result, limited resources
were being increasing consumed by repetitious software
development efforts. A more cost effective solution needed
to be found.



To reduce the need for repeated software expenditures,
generalized data analysis packages have been developed. The
flexibility of these packages stems from having a user
specify as much information as possible about an analysis
setup; this is in contrast to having a programmer
incorporate the same information permanently in the
software. Instead of just operating the software, the user
now needs to be able to communicate with it.

The user-software interface facilitates the exchange of
information between the user and the software package. When
poorly implemented, the user-software interface can create
frustration and lead to confusion on the part of the user.
The design of a successful user-software interface needs to
incorporate series of features which optimize the efficiency
and reliability of this communication process. This
interface must also include human engineering concepts which
are designed to address the mental and physical limitations
of the user.

USER-SOFTWARE INTERFACE FEATURES

Many user-software interface designs incorporate features
such as menus, text input fields, and online documentation.
Each of these features is associated with one of three basic
communication requirements of a user: making a selection,
entering text responses, and requesting or receiving
explanatory information. The actual design will vary among
implementations but the concepts behind the features will
remain the same.

To make a selection, a user needs a list of items from which
a selection is to be made. This list of items is called a
menu. Menus are frequently used to direct the software flow;
menus can also be used to replace text input fields when a
limited number of responses are available.

The number and the order of menu items affect the overall
efficiency of the selection process. When possible, the
number of menu items should be restricted to 7±2 because of
short term memory limitations . The order in which menu(2,6)

items are presented is also important. The most frequently
selected menu item needs to be located at the top of a menu
because the item located at the top of a menu is selected
more efficiently than any of the remaining items .(8)



The optimal ordering of items is frequently ignored in menu
design. In Figure 1, Menu A has the create task positioned
first and Menu B has the modify task first. Because modify
type tasks tend to be accessed more frequently than create
tasks, the item ordering of Menu B is superior to that of
Menu A.

Menus normally utilize either an icon or a text item format.
Each type of item format has its own advantages and
disadvantages. Icons have a potential of conveying greater
information using the same or perhaps even less space than
other formats . Icons, however, require a system with high(3)

resolution graphics and the set of icon symbols are not
standardized which may lead to some confusion.

In one type of menu style, the user makes a selection by
entering a keystroke (e.g. 1, 2, 3, ...) which is associated
with a menu item. This style of menu should be avoided if
possible because they tend to be less efficient than the
menus which utilize cursor movement keystrokes for item
selection. Figure 2 presents the two contrasting menu
styles.

User entered commands represent an alternative to a menu
based interface design. Such user interfaces are frequently
implemented with operating systems. Although a command based
interface is quite versatile, it requires a significant
level of syntax memorization on the part of the user.

Another user-software interface design feature is the text
input field. The user is able to enter characters into a
field with a series of keystrokes; this process is commonly
referred to as editing the contents of a field. Once the
editing has been completed for a field, the process is
concluded with a terminating keystroke.

Text input fields permit the user to make virtually an
unlimited number of responses (names, addresses, numerical
values, etc.) as compared to menus which implicitly have a
finite number of responses/selections. Entering information
into a text field requires memory recall on the part of the
user. Overall, recall is a less reliable mental process than
recognition, the process used in making a menu selection.
Another weakness in the text entry process is the formatting
required for some types of responses . These apparent(9)

weaknesses can be reduced with sufficient online 



documentation, proper field labeling, and the use of default
responses.

A form is defined as a portion of the screen which may
contain one or more input fields and related texts. A user
is able to access each of the fields by pressing the
appropriate cursor movement keys. A form may include a
scrolling area extending over several lines in which the
fields are arranged in columns. To complete the editing of a
form, the user presses an exit key.

The user needs to have the ability to correct any
inaccuracies which were introduced during the editing
process. one method is to include an Aundo@ key which
reverses the effects of preceding keystrokes ; the undo(2)

key is useful concept but large amounts of memory are
generally required for implementation. An alternative method
utilizes a keystroke which permits the user to accept or
reject editing changes. The form exit keystroke mentioned
above can easily be adapted for this use. Inaccuracies which
are introduced while performing a deletion can be especially
costly; to minimize the effect of such mistakes, a request
might be issued to confirm the deletion.

The information entered into the text input fields needs to
be examined for mistakes and completeness. The contents of a
field need to be checked for mistakes (format errors,
invalid names, change propagation effects, etc.) immediately
after the user finishes editing the field. When information
is spread over two or more fields, completeness of the
information needs to be checked. Completeness is most often
checked only when a form is exited. However, if the fields
containing the information are repeated within the form
(e.g. the fields are located in a scrolling area), it may be
desirable to check for completeness prior to the form being
exited.

Another aspect of successful user-software interface design
is online documentation. Online documentation is not
designed to replace external forms of documentation such as
user manuals. Rather, it is designed to assist a user while
operating the software. Online documentation can take many
forms: error messages, explanations of various options,
example responses, response formats, and general background
information. Documentation is normally initiated by a user
request, typically with a specific keystroke; in the case of 



error messages, online documentation is a response generated
by the software to invalid user input.

Many aspects of successful online documentation design have
already been discussed in the literature: it should be
specific, accurate, dynamic, adaptable, easy to access, and
under as much user control as possible : Online(5)

documentation may be implemented in a number of ways: single
lines of explanatory text, windows of supplemental
information which are superimposed on the screen, and
Apop-in@ menus which contain a list of possible responses.

HUMAN ENGINEERING

Human engineering addresses the problems which arise from
the finite nature of a user’s mental abilities and
perception. The programmer’s task is to anticipate these
problems and to compensate the design of the user interface
accordingly. Examples of problems addressed by human
engineering are discrimination failure and memorization
reduction.

Discrimination failure may occur when a screen is comprised
of a number of components (fields or menus) and the user
tries to determine the one currently being accessed. In many
user interfaces, the cursor position provides the only
indication of the component being accessed. Displaying the
component in a unique color or in reverse video will enable
the user to more easily distinguish it from other components
on the screen.

Another human engineering problem deals with memorization
reduction. The smaller the amount of information a user has
to memorize the better . Instead of making a user remember(4)

a number to reference an item (l = Smith, 2 = Jones, etc.),
the user should be able to enter the name of the item. To
avoid having the user memorize the entire list of item
names, the user also needs to be able to access the list of
the names upon request. The implementation of these and
other similar features in the interface design can
significantly reduce the amount of memorization required by
the user.

SUCCESSFUL USER-SOFTWARE INTERFACE DESIGN

What makes a successful user-software interface design? Many
of the features associated with a successful user-software



interface design are described in this work and discussed
further in the literature . A successful interface(1,2,4,7)

design also needs to implement these features in a
consistent manner ; inconsistency rapidly leads to(2)

frustration on the part of the user. The interface must
prevent the user from abnormally terminating the program or
making revisions to information which could result in
subsequent software failures (change propagation effects). A
successful user interface also needs to minimize the amount
and/or complexity of the information required to be entered
by the user.

Simply stated, a successful user-software interface
facilitates the exchange of information between user and
software such that the exchange proceeds in the most
uncomplicated, accurate, reliable, and efficient manner as
possible.

CONCLUSIONS

Generalized analysis systems have now become a reality in
the field of telemetry. The degree of functionality for
these systems depends to a great extent upon the design of
the user-software interface. A successful interface design
will optimize the process of exchanging information between
user and software.

REFERENCES

1. Clarke, A., 1986, AA Three-Level Human-Computer Interface
Model@, International Journal of Man-Machine Studies,
London, England, Vol. 24 No. 6, 503-517.

2. Fotte-Lennox, Thom, 1986, AErgonomic Guidelines For
Computerized User Interfaces@, 1986 IEEE Computer
Standards Conference, IEEE Computer Society Press,
Washington, D.C., 38-41.

3. Gittins, David, 1986, AIcon-Based Human-Computer
Interaction@, International Journal of Man-Machine
Studies, London, England, Vol. 24 No. 6, 519-543.

4. Hansen, J., 1971, AUser Engineering Principles for
Interactive Systems@, Proceedings of the Fall Joint
Computer Conference, 39, AFIPS Press, Montvale, New
Jersey, 523-532.



5. Kearsley, Greg, 1988, Online Help Systems, Ablex
Publishing Corp., Norwood, New Jersey, 73-83.

6. Miller G. , 1956, AThe magic number seven plus or minus
two@, Psychological Review, Vol. 63 No. 2, 81-97.

7. Otte, Fred, 1984, AConsistent User Interface@, Human
Factors and Interactive Computer Systems, Y. Vassiliou,
Ed., Ablex Publishing Corp., Norwood, New Jersey,
261-275.

8. Perlman, Gary, 1985, AMaking the Right Choices with
Menus@, Human-Computer Interaction-INTERACT’84, B.
Shackel, Ed., Elsevier science Publishers B.V.,
Amsterdam, The Netherlands, 317-321.

9. Shneiderman, Ben, 1980, Software Psychology, Winthrop
Publishers, Inc., Cambridge, Massachusetts, 216-266.

FIGURES

Menu A Menu B

TASKS TASKS

CREATE MODIFY
MODIFY CREATE
DELETE DELETE
COPY COPY

Figure 1. Title Optimized Menu Item Order

Keystroke Entry Type Menu Cursor Movement Type Menu

Task No. (1-4): 1 TASK SELECTION

SELECT ONE OF THE FOLLOWING

1 MODIFY
2 CREATE
3 DELETE
4 COPY

MODIFY

CREATE
DELETE
COPY

To select press RETURN

Figure 2. Title Menu Style Comparison


