


























































































































































































Table 3-20. Design Guidelines for Data Entry

Design the display to indicate which data entry or command options are
available in the current mode or configuration

Provide a clearly defined field for data entry

Provide prompting for acceptable data formats and values

Provide a movable cursor with distinctive visual features to designate the
data entry position

When a mode is initiated, normally position the cursor in the first data field

Design the cursor control to permit rapid movement and accurate placement
from one position to another

Provide a method for entering data that requires the minimum number of
actions by the user: where possible, allow the user to select from a menu

Provide a method for entering data that imposes the least requirements on
user memory by making the interactive sequences intuitive and consistent

Allow the user to control the pace of data entry

Rapidly acknowledge (e.g., character by character) data entry actions on
the user's primary display

Enable the user to review entered data

Enable the user to edit entered data using the same method as the original
entry: where possible, the user should be able to edit all or a pan of a
data field

Require minimal, simple user actions to execute commands

Require an explicit ENTER of the user to initiate the processing of
entered data: clearly label the ENTER key

Require an explicit CANCEL or DELETE action of the user to remove
entered data or to terminate a command: clearly label the CANCEL or
DELETE key

Provide feedback to the user about the status of an operation

Note. Compiled from Cardosi, in preparation: and Smith and Mosier, 1986.
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Table 3-21. Design Guidelines for Error Management

Design the system software to provide an appropriate response to all
possible control entries, both correct and incorrect

Design the system to recognize errors and to immediately prompt the user
to correct them ,

Use error messages tha, describe the problem and. if possible, recommend
a solution , ..Design the error messages to present factual information and to avo,d
value judgments

Enable the user to correct data entry errors directly and immediately
Enable the user to stop aprocess at any point to make corrections
Require the user to take an explicit ENTER action to enter corrected data

or to initiate a revised operation
Require the user to confirm acontrol entry that will result in extensive

changes in stored data, procedures, or operations

Nme. Compiled from Cardosi. in preparation: and Smith and Mosier, 1986. |
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4. SUMMARY AND RECOMMENDATIONS

The literature reviewed contained relatively comprehensive recommendations tor design

principles and guidelines that are applicable to critical aspects of GPS receiver controls and

displays. Many of the recommendations were specific to the aviation context and were based

on research and experience with similar aviation systems. The remaining sources of

information and. recommendations were based on research and experience with other types of

systems, but appear to be applicable to aviation navigation systems.

Many of the aviation regulations that apply to the navigation receivers are presented at the

level of design objectives rather than as specific principles and guidelines that can be used

directly by system designers and evaluators. Design principles that were identified in the

literature are generally at a global level of detail, but they provide guidance that can be used

in selecting or evaluating design alternatives. The guidelines that were identified in the

literature provide highly detailed information that can be used to define acceptable minimum

and maximum control and display component parameters.

The Results section presented and discussed variations in the principles and guidelines

suggested by the different reference sources. Overall, the recommendations in the literature

were reasonably consistent; the variations are generally attributable to differences in the level

of detail, the research and experience context that was used to develop the recommendations,

and the scope of the intended application of the recommendations. When there were

substantial variations for a desjgn topic, the discussion concluded with a suggested resolution

to the disparities.

The following three subsections enumerate the recommended principles and guidelines for

controls, displays, and control-display integration, respectively, in concise statements that are

uninterrupted by the presentation or discussion of variations in recommendations. The final

subsection summarizes the restrictions and qualifications on using this document.
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4.1 CONTROL DESIGN PRINCIPLES AND GUIDELINES

\ Although there is overlap between their uses, appropriate controls were selected separately for
j command and function purposes. The primary distinction between them is the number ot
I alternative positions, values, or actions the control is used to manipulate. Command controls
' are used to select among relatively few alternatives (e.g.. to turn the system on or off or to
I activate adata entry). Function controls must be capable of traversing alarger range ot
\ alternatives, such as scrolling through adatabase or entering data into the receiver computer.

j
1 4.1.1 Pnntrol Types and Characteristics

•3

i

'A

The literature indicates that seven types of controls are appropriate for interacting with GPS
receivers. Push buttons, push-pull buttons, toggle switches, and rocker switches are
appropriate for command controls (see Table 3-1). Rotary knobs, concentric knobs, and
keyboards are appropriate for function controls (sec Table 3-2). The literature contained
guidelines for the design of each type of control.

4.1.1.1 Push Buttons -Push buttons are the preferred command control. Their shape is
relatively unimportant, except that some shapes (e.g.. squares or rectangles) provide more
space for labeling. The operator should receive feedback (e.g.. an audible click, an integral
light, or achange in an associated display) that the push button has been activated. No
maximum sizes were identified for push buttons, but unnecessarily long push buttons are
more likely to be accidentally activated. The following list describes the size, spacing, and
force guidelines for push buttons.

. The diameter should be .375 in (9.5 mm) or larger.

. The length should be .125 in. (6.4 mm) or longer.

• The displacement should be .078 in. (2 mm) to .25 in. (6 mm).
. The minimum center-to-center spacing should be .75 in. (19 mm) for horizontal

separation and .625 in. (16 mm) for vertical separation. If severe vibration is
expected, the minimum separation should be 3 in. (76 mm). If the minimum
spacing cannot be implemented, mechanical interlocks or barriers should be used
to prevent accidental activation.
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• Push button resistance should be between 10 oz (2.8 N) and 40 oz (11 N) for
single finger operation.

4.1.1.2 Push-Pull Buttons - Push-pull buttons should only be used sparingly and in

applications where they are typically expected, such as turning the system on and off. When
panel space is limited, a miniaturized rotary knob may be used in conjunction with the button

to perform two related but distinct purposes. The following list describes the size, spacing,

and force guidelines for push-pull buttons.

The diameter should be .25 in. (6 mm) or larger.

The length should be 1 in. (25 mm) or longer.

The displacement between the push and pull positions should be at least .5 in (13
mm).

The spacing between buttons should be 1 in. (25 mm) or more.

The resistance should not exceed 64 oz (18 N).

The push-pull button should be pushed in to activate a command and pulled out to deactivate

it. If the button can also be rotated (e.g.. to adjust the brightness of the display), then the

button should be long enough to be grasped when in the activate position.

4.1.1.3 Toggle Switches - Toggle switches are an acceptable alternative to push buttons for
command purposes, but only where space is extremely limited. They are generally limited to
two-alternative applications, unless the switch has a spring-loaded center off position. Toggle
switches should be vertically, oriented with on (activate) in the up position and off in the

down position. The following list describes the size, spacing, and force guidelines for toggle
switches.

. The arm length should be .5 in. (13 mm) to 2 in. (51 mm).

. The tip diameter should be .125 in. (3 mm) to 1in. (25 mm).

. The two-position displacement should be between 30 and 80 degrees For a
three-position switch, the displacement between any two positions should be
between 17 and 40 degrees.
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. The separation between switches that arc operated sequentially should be .5 in. (13
mm) to 1in. (25 mm). If the switches arc operated randomly, the scparat.on
should be .75 in. (19 mm) to 2 in. (51 mm).

. The resistance of the switch should be 10 oz (2.8 N) to 40 oz (11 N).

4.1.1.4 Rocker Switches -Rocker switches are an acceptable alternative to toggle switches
when the protrusion of the toggle switch may result in inadvertent activation. Unless the
switch has aspring-loaded center off position, it should be limited to two positions. The
rocker switch should be vertically oriented: pressing the upper wing should activate the
command. The following list describes the size, spacing, and force guidelines for rocker
switches.

. The width should be .25 in. (6 mm) or wider.

. The length should be .5 in. (13 mm) or longer.

. The displacement should be at least .125 in. (3 mm) and aminimum angle of 30
degrees.

. The center-to-center separation should be .75 in. (19 mm) or more.

. The resistance should be 10 oz (2.8 N) to 40 oz (11 N).

4.1.1.5 Rotary Knobs - Rotary knobs are optimal for continuous adjustments and for
selecting discrete or quantitative settings with numerous positions. All the recommendations
assume the knob will be operated with the finger and thumb encircled rather than by asingle
finger. Some method (e.g., serrated or knurled knob edges) should be used to maintain grip
friction. For rotary 4cnobs that are used to select sequential settings, clockwise movement
should result in increasing values and counterclockwise movement should result in decreasing
values. There should be no less than 15 degrees separation between adjacent settings. The
control/display ratio should be between 0.1 and 0.4. Feedback about the selection of the
desired setting should be provided through asetting detent, an audible click, or change in the
associated display.

The following list describes the minimum and preferred size, spacing, and force guidelines for
rotary knobs.
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